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SUMMARY

Globally, ~17 million women and ~2.1 million children are living with HIV. Sub-Saharan Africa
accounts for 70% of HIV-infected (HIV*) persons. Mother-To-Child Transmission of HIV (MTCT) during
pregnancy, delivery and breastfeeding, is the main route of HIV infection in children. The World
Health Organisation recommends lifelong antiretroviral therapy (ART) for all HIV* pregnant and
breastfeeding mothers to prevent MTCT, and breastfeeding for 224 months for optimal child health
in resource limited settings (Option B* strategy).

Initiation of ART in HIV* adults is associated with a 2-6% decrease in areal bone mineral density
(aBMD) regardless of ART regimen, but data are limited in pregnant and lactating women. Tenofovir,
a preferred first-line drug in Option B* ART regimen, is associated with 1-2% greater decreases in
aBMD. Pregnancy and lactation are associated with physiological changes in maternal bone mineral
density, but most evidence shows that this is recovered after cessation of breastfeeding. The
hypothesis of this thesis is that ART may accentuate the normal process of bone mobilisation during
pregnancy and lactation, leading to bone loss that is not recovered in the mother and/or
compromised infant growth and bone mineral accretion. The primary objective of this research was
to investigate if HIV* women experience greater reductions in bone mineral compared to HIV-
uninfected (HIV") counterparts.

Two groups of pregnant women, 95 HIV* on ART (Tenofovir-Lamivudine-Efavirenz, previously ART
naive) and 96 HIV- were followed prospectively in Kampala, Uganda. Data were collected at 36 wks
gestation (PG36), 2 (PP2) and 14 wks postpartum (PP14). Dual-energy x-ray absorptiometry was used
to measure bone phenotype (aBMD, bone mineral content (BMC), bone area (BA), and size-adjusted
BMC (SA-BMC, adjusted for height or length, weight and BA) of the whole body (WB) and lumbar
spine (LS) in mother-baby pairs, and total hip (TH) in mothers. The primary outcome was the
difference between groups in % change (+ SE) in maternal LS aBMD between PP2 and PP14.
Secondary outcomes included changes in maternal markers of bone formation (P1NP and BAP) and
resorption (CTX), serum 25-hydroxy vitamin D (25(0OH)D), parathyroid hormone (PTH), plasma and
urine concentrations of creatinine (Cr), calcium (Ca), phosphate (PO.) and magnesium (Mg), urine
mineral:creatinine ratios, TmCa/GFR and TMP/GFR, respectively), breastmilk mineral composition
(Ca, P, Na, K and Na/K ratio); and infant growth Z-scores and bone mineral. Statistical models were
adjusted for potential confounders.

Median maternal age was 24.5 (IQR 21.1, 26.9) yrs. Mean gestation was 40.9+1.8 wks and not
significantly different between groups. All women were breastfeeding at PP2 and PP14. More HIV*
women reported exclusive breastfeeding (PP2: 82.9% v 58.7%, p=0.0008; PP14: 86.7% v 66.2%,
p=0.002). Body weight was 4-5% lower in HIV* women. By PP14, mean duration of ART was 29.35.1
wks, adherence was >95%, and the median CD4 count was 403 (IQR 290-528) cells/mm?.

Maternal aBMD decreased between PP2 and PP14 at all skeletal sites in both groups as expected in
lactation. Reductions in LS aBMD were not significantly different between groups (-1.8+0.4% vs -



2.5£0.4%, p=0.3). However, HIV* women had a significantly greater reduction in TH aBMD which
persisted after adjustment for body size (-3.7+0.3% vs -2.7+0.3%, p=0.04). Median serum 25(OH)D was
67.4nmol/L (IQR 54.8,83.7) at PG36 and 57.6 nmol/L (48.7, 70.1) at PP14 with no significant difference
between groups. Changes in 25(0H)D and PTH from PG36 to PP14 were not significantly different
between groups (25(0H)D: -13.9£4.1% vs -11.1+3.1%; PTH: +60.0+6.4% vs +57.6+6.4%; both p>0.05).
However, HIV* women had 33-35% greater plasma PTH concentrations at both PG36 and PP14.

Bone formation and resorption markers increased in both groups between PG36 and PP14. HIV*
women had greater increases (CTX: +74.6£5.9% vs +56.2+5.9%; PINP: +100.3+5.0% vs +72.6%5.0%;
BAP: +67.2+3.6% vs +57.1+3.6%, all p<0.05). They also had a greater decrease in plasma Ca (-6.6+0.5%
vs-3.8+0.5%, p<0.0001) and greater increase in plasma phosphate (+14.4+2.0% vs +7.7£2.0%, p=0.02).
Changes in plasma Cr and Mg, TmP/GFR and urine mineral:creatinine ratios were not significantly
different between the groups. However, at both PG36 and PP14, HIV* had significantly lower mean
plasma Ca (PG36: -1.0+0.5%; PP14: -4.1+0.6%) and TmP/GFR (PG36: -11.4+3.1%; PP14: -7.2+3.0%) but
higher PTH (PG36: +33.0+7.0%; PP14: +35.3+7.6%) compared to HIV- women (all p<0.05).

Mean breastmilk Ca decreased between PP2 and PP14, and the changes were not different between
the groups (-19.9£3.0% vs -24.2+3.1%, p=0.3). There were no significant changes in breastmilk
phosphorus (P) in both groups, but HIV* women had significantly higher concentrations (PP2:
+9.74£3.8%, p=0.01; PP14:+9.6+3.5 %, p=0.007). Breastmilk P was significantly correlated with
maternal plasma [CTX] in a separate ANCOVA model (B = +0.13+0.04% per 1% increase in CTX,
p=0.0003). Mean breastmilk Na, K concentrations and Na/K decreased between PP2 and PP14 in both
groups. However, HIV* women had a smaller decrease in breastmilk Na (-44.3+8.9% vs -72.6+9.0%,
p=0.03). They also had a trend towards smaller reduction in Na/K ratio (-22.2+9.3% vs -46.6.6+9.5%,
p=0.07).

Babies born to HIV" mothers (HIV-exposed infants, HEI) had significantly lower gains in weight
+53.0£1.4% vs +57.5+1.4%, p=0.02) compared to HIV-unexposed infants (HUI), and also lower weight-
for-age (-0.47+0.16, p=0.003) and length-for-age (-0.53+0.18, p=0.005) Z-scores at PP14. HEI had a
slower gain in WB BMC (+51.2+1.9% vs +57.3+1.9%, p=0.02), but the difference was not significant
after adjustment for body size (-6.0+3.5% vs -7.6+£3.8%, p=0.2); showing that the bone mineral
accretion was appropriate for achieved infant size. In contrast, HEI had a greater increase in LS BMC
(+29.5+1.7% vs +24.4+1.7%, p=0.03), a difference which remained after size-adjustment (+9.4+5.8%
Vs +4.316.2%, p=0.02).

This is the first study to compare changes in maternal bone health between HIV* mothers on Option
B* ART and HIV- counterparts. The results show a greater reduction in TH aBMD in Ugandan HIV*
women on Option-B+ ART compared to HIV- in the first three months of lactation, consistent with their
greater increases in bone turnover markers, lower TmP/GFR and plasma phosphate, and higher
breastmilk phosphorus concentration. Also, HEI have slower growth and whole body bone mineral
accretion compared to HUI. Itis important to determine if these changes are temporary or have long-
term consequences for the bone health of the mother and child.
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ABBREVIATIONS AND GLOSSARY

1,25(0H).D: 1,25 dihydroxy vitamin D

25(0OH)D: 25-hydroxyvitamin D

3TC: Lamivudine [drug]

ABC: Abacavir [drug]

aBMD: Areal Bone Mineral Density (as measured by DXA) “represents the average mass of mineral
(BMC) per unit scanned area (BA) and is expressed as g/cm?. It is not a true density as there is no
measurement of bone depth available from DXA, and also cannot differentiate between anatomical
regions within the bone with different material properties (i.e. It is an average across areas of
cortical bone, trabecular bone, medullary cavity and intraosseous soft tissue)” (Prentice, Personal
communication June 2018).

AIDS: Acquired Immune Deficiency Syndrome

ALP: Alkaline phosphatase

ANC: Antenatal Clinic

ART: Antiretroviral therapy

ARV: Antiretroviral [drug]

BA: Bone area (as measured by DXA) “represents the total scanned area (cm?) within the bone
envelope in the scanned portion of the skeleton under examination. Bone edge detection is
obtained by algorithms within the instrument that define the passage of the scanning beam from
soft tissue (which absorbs little of the X-ray beam) to bone (which absorbs more of the X-ray beam)”
(Prentice, Personal communication June 2018).

BAP: Bone alkaline phosphatase

Baylor-Uganda: Baylor College of Medicine Children’s Foundation Uganda

BIPAI: Baylor International Paediatric HIV/AIDS Initiative

BM Ca/P: Breastmilk calcium-phosphorus ratio

BM Na/K: Breastmilk sodium-potassium ratio

BM: Breastmilk
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BMC: Bone Mineral Content (as measured by DXA) “represents the total mass of mineral (g)
averaged over the scanned portion of the skeleton under examination. It is obtained by measuring
the absorption of X-rays during the scan relative to phantom materials calibrated against
hydroxyapatite (a calcium phosphate salt that closely resembles the mineral phase of bone)”
(Prentice, Personal communication June 2018).

BM-Ca: Breastmilk calcium concentration

BMD: Bone Mineral Density

BMI: Body mass index

BM-K: Breastmilk potassium concentration

BM-Na: Breastmilk sodium concentration

BM-P: Breastmilk phosphorus concentration

Bone health “in the context of public health, is defined as the quality of being at low risk of three
common skeletal disorders, stunting, rickets and osteomalacia, and osteoporosis and fragility

fractures” (Prentice et al., 2006b)

Bone phenotype in this thesis refers to all bone indices measured by DXA (aBMD, BMC, BA, SA-
BMC).

BP-3: Binding protein-3 [IGF]

BTM: Bone turnover markers

Ca: Calcium

CAP: College of American Pathologists

CDa4: Cluster of differentiation 4

CKD-EPI: The Chronic Kidney Disease Epidemiology Collaboration
COE: Center of Clinical Excellence

Cr: Creatinine

CTX: cross-linked C-terminal telopeptide

DART: The Development of AntiRetroviral Therapy in Africa
DNA -PCR: Deoxyribonucleic Acid Polymerase Chain Reaction
DPD: Deoxypyridinoline

DTG: Dolutegravir [drug]

DTTM: Dose-To-The-Mother method
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DXA: Dual-energy X-ray absorptiometry

EDTA: Ethylenediaminetetraacetic acid

EFV: Efavirenz [drug]

eGFR: Estimated glomerular filtration rate

ELISA: Enzyme-linked immunosorbent assay

eMTCT: Elimination of mother-to-child transmission of HIV
EWL: MRC Elsie Widdowson Laboratory

FGF-23: Fibroblast growth factor -23

FTC: Emtricitabine [drug]

GFR: Glomerular Filtration Rate

HAZ: Height-for-Age Z-score

HCAZ: Head circumference-for-age Z-score

HEI: HIV Exposed Infants

HIV: Human Immune Virus

HNR: MRC Human Nutrition Research

HUI: HIV Unexposed Infants

IAEA: International Atomic Energy Agency

ID: Identification

IGF-1: Insulin-like growth factor 1

IMPAACT: International Maternal Pediatric Adolescent AIDS Clinical Trials Network
IRB: Institutional Review Board

JCRC: The Joint Clinical Research Centre

K: Potassium

LAZ: Length-for-Age-Z score

LS: Lumbar spine refers to the L1-L4 regions on a lumbar spine DXA scan.
MDRD: Modified Diet in Renal Disease

Mg: Magnesium

MOH: Ministry of Health

MRC: Medical Research Council

mSv: milliSievert
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MTCT: Mother-To-Child Transmission

MUJHU: Makerere University Johns Hopkins University Research Collaboration
Na: Sodium

NBH: Nutrition and Bone Health

NNRTI: Non-Nucleoside Reverse Transcriptase Inhibitor

NPNL: Non-Pregnant Non-Lactating

NRTI: Nucleoside Reverse Transcriptase Inhibitor

NTX: Cross-linked N-terminal telopeptide

NVP: Nevirapine [drug]

Osteomalacia “is a failure of mineralisation on the trabecular and cortical surfaces of all bones, and
can occur in both children and adults. Generally, children who present with rickets also have

histological features of osteomalacia” (Prentice et al., 2006b).

Osteopenia or low bone density is a “condition where bone mineral density is lower than normal
however not yet as low as osteoporosis and falls in the “T score range of -1.1 to -2 (WHO Study

Group, 1994).

Osteoporosis is a “progressive systemic skeletal disease characterized by low bone mass and
microarchitectural deterioration of bone tissue, with a consequent increase in bone fragility and
susceptibility to fracture” (Kanis et al., 1994). It is clinically defined as a BMD T-score less than or
equal to -2.5 SD or more below the young female adult mean (WHO Study Group, 1994, Compston
etal., 2014).

P: Phosphorus

P1CP: Procollagen type-1 C-Terminal Propeptide

P1NP: Procollagen type 1 N-Terminal Propeptide

P-Ca: Plasma calcium concentration

PCP: Pneumocystis pneumonia

P-Cr: Plasma creatinine concentration

PHACS: USA-based Paediatric HIV/AIDS Cohort Study

PI: Protease Inhibitor

P-Mg: Plasma magnesium concentration

PMTCT: Prevention of Mother-To-Child Transmission

XXili



PO.: Phosphate

P-PO4: Plasma phosphate concentration

pQCT: Peripheral quantitative computed tomography

PROMISE: Promoting Maternal and Infant Survival Everywhere

PTH: Parathyroid hormone

PTHrP: Parathyroid hormone-related protein

PYD: Pyridinoline

QUS: Quantitative Ultrasound Scan

Rickets “by definition is a disease of growing bones and is characterized by a delay in or failure of
mineralization at the unfused growth plates. This is associated with a failure of the normal apoptosis
of the hypertrophied chondrocytes in the growth plate resulting in widening of the growth plate and
a delay in appearance and irregularity of the provisional zone of calcification at the metaphyseal end
of the growth plate. A clinical diagnosis of nutritional rickets is based on history and physical
examination, supported by biochemical testing, and confirmed radiographically” (Pettifor and
Prentice, 2011).

RTG: Raltegravir [drug]

SA-BMC: Size Adjusted Bone Mineral Content

SACN (UK): Scientific Advisory Committee on Nutrition, UK

SD: Standard Deviation

sdNVP: Single Dose Nevirapine [drug]

SE: Standard Error

Size adjusted BMC: BMC adjusted for body size (weight and length).

SMART: Strategies for Management of Antiretroviral Therapy

SSA: Sub Saharan Africa

Stunting or poor linear growth is defined by low length or height-for-age (LAZ or HAZ) below -2SD of
the reference population. WHO defines stunting as “the impaired growth and development that
children experience from poor nutrition, repeated infection, and inadequate psychosocial
stimulation” (Prentice et al., 2006b, WHO, 2018b).

TAP: Total Alkaline Phosphatase

TB: Tuberculosis

TDF: Tenofovir Disoproxyl Fumarate
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TmCa/GFR: Renal tubular maximum for reabsorption of calcium per unit of glomerular filtrate
TmP/GFR: Renal tubular maximum for reabsorption of phosphate per unit of glomerular filtrate
TmP: Tubular maximum reabsorption rate of phosphate

TH: Total hip refers to the combined phenotypes of the femoral neck, trochanter, and
intertrochanteric regions on a hip DXA scan.

TRP: Tubular reabsorption for phosphate

T-score is “the number of standard deviations that a BMD measurement lies above or below the
average value for young healthy women” (Compston et al., 2014).

U-PO./Cr: Urine phosphate-creatinine ratio

U-Ca/Cr: Urine calcium-creatinine ratio

U-Ca: Urine calcium concentration

U-Cr: Urine creatinine concentration

UDHS: Uganda Demographic and Health Survey

UMg/Cr: Urine magnesium-creatinine ratio

U-Mg: Urine magnesium concentration

UNAIDS: Joint United Nations Programme on HIV/AIDS

Underweight is defined by low weight-for-age (WAZ) below -2SD of the reference population. A
child who is underweight may be stunted, wasted, or both (Onyango and de Onis, 2008, WHO,
2018b).

U-PO.: Urine phosphate concentration

UVB: Ultraviolet B

vBMD: Volumetric Bone Mineral Density

VOICE: Vaginal and Oral Interventions to Control the Epidemic

Wasting or thinness is defined by low weight-for-height (WHZ) below -2SD of the reference
population. In most cases, it indicates a recent and severe process of weight loss, which is often
associated with acute starvation and/or severe disease. However, wasting may also be the result of a
chronic unfavourable condition (Onyango and de Onis, 2008, WHO, 2018b).

WAZ: Weight-for-Age Z-score

WB: Whole Body

WBLH: Whole Body Less Head
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WHO: The World Health Organisation
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Z-score (also called a standard score) is the number of standard deviations above or below the mean
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CHAPTER 1: BACKGROUND AND CONTEXT OF PhD

1.1. Overview of HIV, ART and Bone

1.1.1. HIV and global prevalence

The Human Immunodeficiency Virus (HIV) causes Acquired Immune Deficiency Syndrome (AIDS). The
first cases of HIV-infection were reported in the USA in 1981. HIV belongs to the family of
retroviruses, and two subtypes (HIV 1 and HIV 2) have been identified. HIV-1 accounts for the
majority of HIV infections in Uganda and sub-Saharan Africa (Jaffar et al., 2004); so in this thesis, the

term HIV will refer to the HIV-1 subtype unless specified.

About 36.7 million people were globally living with HIV in 2016 of which 17.8 million were women
above 15 years of age, and 2.1 million were children aged <15 years (UNAIDS, 2016). The highest
burden of HIV infection is in Sub-Saharan Africa (25.5 million people) where nearly 1 in 25 (4.4%)
adults were living with HIV, accounting for about 70% of all HIV-infected persons in the world (Figure
1). Within sub-Saharan Africa, the burden of HIV-infection was greatest in the Eastern and Southern
Africa region. About 19.4 million people in the region were living with HIV of which 59% were

women and girls aged >15 years.
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Figure 1: Global prevalence of HIV in adults and children in 2016

(WHO, 2018a) [Open access for reuse in academic thesis http://www.who.int/about/licensing/extracts/en/ ]




1.1.2. Transmission routes of HIV

HIV is transmitted through contact with blood or genital fluids of infected persons and can also be
transmitted from mother to the baby during pregnancy, labour/delivery or breastfeeding. About
90% of HIV infections in children are acquired through Mother-To-Child Transmission of HIV (MTCT)
(UNICEF, 2014). Without interventions, the overall transmission rates range from 15-45% depending
on the timing of infection and availability of services for Prevention of MTCT (PMTCT) as shown in
Figure 2 (WHO, 2014).

ANTENATAL POSTPARTUM
[ 1 [ 1
Early Late Early Late
Pregnancy Labour and delivery Breastfeeding
10-25% 35-40% 35-40%
<28 weeks >28 weeks 0-1 months 1-6 months 6-24 months

Figure 2: Rates of mother to child transition of HIV

[Open access figure for reuse in academic thesis http://www.who.int/about/licensing/extracts/en/ ]

Once in the body, the HIV attacks the immune system by destroying CD4 cells T cells (CD4+). These
are a type of white blood cell that are vital to fighting off infection. In general, CD4 count decreases
gradually as HIV-disease advances. The normal CD, count for a healthy adult ranges from 500-1500
cells/mm?3 of blood. The natural history of HIV has four distinct stages leading to AIDS or death. The
primary HIV infection (stage 1, asymptomatic phase) lasts for a few weeks and is most often
accompanied by a short viruslike illness which develops after 2-4 weeks post exposure and lasts for
1-3 weeks (Levy, 1993). Individuals in stage 1 of HIV-infection have a preserved CD, count (=500
cells/mm3). Over time, the immune system becomes severely damaged by HIV-infection, eventually
fails and symptoms develop. The person initially develops mid symptoms (stage 2) and progresses to
severe/advanced symptoms (stage 3) (Tindall and Cooper, 1991, Levy, 1993, Weiss, 1993). HIV-
infected individuals with a CD4 count below 200 cells/mm? are more likely to develop symptoms
(WHO, 2007a). The common symptoms of HIV-infection (stage 2 onwards) include weight loss,
chronic fever, chronic diarrhoea, persistent cough and night sweats, mouth and skin problems,
regular infections and other serious illness or diseases. The symptoms are initially mild but worsen
over time as HIV-infection progresses to AIDS (stage 4). At this stage, the individual develops
increasingly severe opportunistic infections and cancers; ultimately a diagnosis of AIDS (Morgan et
al., 1997, WHO, 2007a).



1.1.3. Antiretroviral Therapy

To date, there is no cure for HIV. However, antiretroviral drugs (ARVs) delay progression of HIV-

infection to AIDS disease by suppressing multiplication of the virus in the body (Sethi et al., 2003, De

Cock et al., 2009, WHO, 2017b). Also, ARVs are effective in the prevention of HIV transmission
through both sexual and MTCT (Cohen et al., 2012, WHO, 2016a) . The commonly available ARVs

must be swallowed daily for life to maintain adequate drug levels for viral suppression. Thus

adherence is critical to prevent drug resistance (Friedland and Williams, 1999, Sethi et al., 2003). The

four classes of common ARVs and their mode of action are presented in Table 1.

Table 1: Classes of antiretroviral drugs, their modes of action and common brand names

Nucleoside
Reverse
Transcriptase
Inhibitors_ (NRTI)

Non-Nucleoside
Reverse
Transcriptase
Inhibitors (NNRTI)

Protease
Inhibitors (PIs)

Integrase
Inhibitors (lls)

Interfere with the reverse transcription
process (conversion of viral RNA into
DNA). They are incorporated into HIV
DNA resulting in incomplete DNA chain
formation

Interfere with the reverse transcription
process by binding to the reverse
transcriptase enzyme hence interfering
with the process of converting viral
RNA into the required DNA

Inhibit the viral protease enzyme that
is central to forming infectious viral
particles

Block the HIV enzyme integrase, which
the virus uses to integrate its genetic
material into the DNA of the cell it has
infected

Tenofovir Disoproxil Fumarate (TDF)
Lamivudine (3TC)

Emtricitabine (FTC)

Zidovudine (AZT),

Abacavir (ABC)

Stavudine (d4T)

Efavirenz (EFV)

Nevirapine (NVP)

Ritonavir (RTV)
Lopinavir (LPV)
Atazanavir (ATV)

Raltegravir (RTG)
Doltegravir (DTG)

aSource: National Institute of Allergy and Infectious Diseases website (NIH, 2013).

Currently, a combination of three ARV drugs from at least two classes is recommended for patients

for the first time (first line regimen). When ARVs are given in a combination, they are referred to as

antiretroviral therapy (ART). Several ARV combinations are available depending on the age and

clinical presentation of the patient. The current preferred first-line ART combination for adults

comprises of Efavirenz (EFV), Tenofovir Disoproxil Fumarate (TDF) and either Lamivudine (3TC) or
Emtricitabine (FTC) (WHO, 2016a).



Effective ART was introduced over 20 years ago in developed countries and more recently has been
introduced in Sub-Saharan Africa (Friedland and Williams, 1999, Sethi et al., 2003, Brown, 2013).
ART is initiated based on criteria set-out in national clinical guidelines normally adapted from the
WHO guidelines which provide “a public health approach” to the management of HIV. The WHO ART
guidelines are mainly adopted in resource limited settings which need a pragmatic approach, and
this lead to a single (or limited options) for ART regimen (Parkes-Ratanshi, Personal Communication
May 2018). Previously, all HIV-infected persons aged >15 years were initiated on ART at a CD4 cell
count below 200 cells/mm? and/or WHO HIV clinical stage 3 or 4. The CD;4 cut-off was later increased
to <350in 2010 (WHO, 2010). In 2013, WHO offered further guidance recommending ART for all
children < 15 years and pregnant and lactating women regardless of their CD4 count or stage of HIV
disease. ART was also recommended for all HIV-infected adults >15years with CD4 counts <500
cells/mm? or advanced HIV disease (WHO, 2013). The current guidelines release in 2016 recommend
that all persons (both adults and children) diagnosed with HIV should be initiated on ART as soon as
possible - an approach referred to as test and treat. The 2016 guidelines are based on evidence that
early initiation of ART is associated with better HIV treatment outcomes and reduced transmission

rates among patients (Cohen et al., 2012, WHO, 2016a).

ART has been a game changer in the fight against AIDS and mother-to-child transmission of HIV.
Following the success of ART, HIV-infection is now a manageable chronic disease and no longer a
universally fatal infection (Friedland and Williams, 1999). Globally, HIV related deaths have
significantly reduced, and life expectancy of HIV-infected persons has drastically increased over the
years (van Sighem et al., 2010, Bor et al., 2013). ART has also dramatically reduced HIV-infection
among children born to HIV-infected women. Effective ART can reduce the overall rate of MTCT to
<5% in breastfeeding populations and to below 2% in non-breastfeeding populations when
maintained throughout both pregnancy and breastfeeding (UNAIDS, 2011). The current global target
is to achieve virtual elimination of mother-to-child transmission of HIV (eMTCT) (UNAIDS, 2011,
UNAIDS, 2013a).

Currently, there is accelerated scale-up of ART to lower MTCT rates in Sub-Saharan Africa where
women of reproductive age are disproportionately affected by the HIV epidemic (UNAIDS, 2013).
The current WHO recommendation is that all pregnant and lactating women should initiate lifelong
ART as soon as possible after diagnosis, and to breastfeed their babies for up to 24 months for
optimal infant survival in resource-limited settings, strategy called PMTCT Option B-plus (WHO,
2013, WHO, 2016a). Consequently, more HIV-infected pregnant women, especially in Eastern and

Southern Africa, face longer lifetime exposure to ART given the younger maternal age.



As the HIV population ages, a higher prevalence of age-related comorbidities are being observed
especially in developed countries, and now these pose the most significant threat to the health and
quality of life for HIV-infected persons (The Antiretroviral Therapy Cohort, 2010, Hasse et al., 2011,
Schouten et al., 2014) . The same trend is likely to be observed in developing countries especially in
sub-Saharan Africa due to increasing longevity. The higher incidence of age-related co-morbidities
has been described as ‘accelerated ageing’ in the HIV population, and is attributed to ART toxicities

resulting from long-term exposure (Justice and Falutz, 2014).

1.1.4. Evolution of WHO PMTCT guidelines

MTCT is the primary route of HIV transmission in children (AVERT, 2017). The WHO regularly
provides guidance on PMTCT for countries in resource limited settings to adapt to their local
circumstances. The first WHO PMTCT guidelines were launched in the year 2000. These guidelines
recommended single dose Nevirapine (SANVP) during labour and avoidance of breastfeeding for all
HIV-infected women, where replacement feeding was AFASS (Acceptable, Feasible, Affordable,
Sustainable and Safe), to reduce the risk of MTCT (WHO, 2003). Although MTCT rate during
labour/delivery was slightly reduced, mortality was high in non-breastfed children, especially in
resource-limited settings. Furthermore, avoidance of breastfeeding was associated with stigmain
predominantly breastfeeding populations as non-breastfeeding women were assumed to be HIV-

positive (Engebretsen et al., 2010, Odeny et al., 2016).

Later research showed that additional ARVs given from 28 weeks of pregnancy and maintained until
delivery further reduced MTCT rates (Lallemant et al., 2004, Shapiro et al., 2006). This discovery
guided the revision of WHO guidelines in 2006 recommending provision of AZT from 28 weeks, then
3TC from 32 weeks of gestation until delivery. sdNVP was still given during labour, but women with a
CD4 count < 350 cells/mm?® or advanced HIV infection (WHO stage 1l or V) were initiated on lifelong
ART (WHO, 2006). These guidelines still recommended avoidance of breastfeeding where it was
Affordable, Feasible, Acceptable, Sustainable and Safe (AFASS). Women who did not meet the AFASS
criteria were recommended to breastfeed exclusively for at least 3-6 months followed by abrupt
cessation to avoid mixed feeding (WHO, 2006). Exclusive breastfeeding (EBF) was associated with
lower postnatal risk of MTCT compared to mixed feeding (Coutsoudis et al., 1999, lliff et al., 2005,
Coovadia et al., 2007, Becquet et al., 2008). The mechanisms by which EBF reduces the risk of MTCT
remain elusive (Filteau, 2010, Filteau, 2011) (see section 2.4.3). Under the 2006 guidelines, the MTCT
rates during both pregnancy, and labour/delivery reduced. However, the survival of non-breastfed

HIV-exposed uninfected infants was still poor due to the high incidence of malnutrition and acute



infections like pneumonia (Kuhn et al., 2008, Creek et al., 2010, Homsy et al., 2010, Humphrey, 2010,
Kafulafula et al., 2010) . Thus, balancing the risks and benefits of breastfeeding on child survival was
a challenge in resource limited settings where breastfeeding is the preferred and affordable infant

feeding option (WHO, 2010b).

By 2010, clinical trials had provided substantial evidence that ARV prophylaxis maintained during
pregnancy, delivery and breastfeeding improved HIV-free survival of infants (Kumwenda et al., 2008,
Chasela et al., 2010, Shapiro et al., 2010, Thomas et al., 2011). Consequently, WHO released a third
set of guidelines, primarily for low and middle income settings. The revised guidelines strongly
recommended HIV-infected mothers to breastfeed for at least 12 months as long as either the
mother or infant received ARV prophylaxis. Exclusive breastfeeding was recommended for the first
six months followed by complementary feeding up to 12 months of life (WHO, 2010b). Concurrently,
separate revised guidelines on use ART in adults and adolescents (WHO, 2010) and children (WHO,

2010c) were released.

The 2010 PMTCT guidelines recommended two options (A and B) for the provision of ARV
prophylaxis for women with CD, < 350 cells/mm?. Option A provided AZT from 14 weeks of
gestation, maternal sdNVP + AZT/3TC at delivery, while Option B provided ART through pregnancy
and breastfeeding. The preferred ART regimens for pregnant women were TDF+3TC+EFV (or NVP) or
AZT+3TC+EFV (or NVP) (WHO, 2010a). In both options, the intervention (infant prophylaxis or
maternal ART) was stopped four weeks after cessation of breastfeeding in women with a CD4 count >
350 cells/mm?®. Pregnant and lactating women with CD4 < 350cells/mm?® were maintained on lifelong
ART. These guidelines had the potential to reduce overall MTCT rates to < 5% in breastfeeding
populations and significantly improve HIV-free survival of exposed infants. However, programmatic
challenges were encountered in the implementation of those elaborate guidelines; and stopping ART
after cessation of breastfeeding exposed women to the risk of developing resistance to preferred
first-line ART (WHO, 2013).

Thus for programmatic purposes, WHO released the first combined ART guidelines in 2013 which
consolidated all ART guidelines for adults, adolescents, children, pregnant and lactating women
(WHO, 2013). The guidelines recommended a single ART regimen of TDF+EFV with either 3TC or FTC
for all pregnant and breastfeeding women and that ART is maintained at least for the duration of
MTCT risk. The cut-off for initiation of lifelong ART was raised from 350 to 500 cells/mm?3. However,
countries with generalised HIV epidemics were recommended to initiate all pregnant and
breastfeeding women on lifelong ART (WHO, 2013). The 2010 infant feeding guidelines were

retained, so HIV-infected women were advised to breastfeed for at least 12 months while on ART.



In 2014, WHO issued revised consolidated ART guidelines recommending initiation of lifelong ART in
all HIV-infected pregnant and lactating women for the elimination of mother-to-child transmission of
HIV (eMTCT), a strategy referred to as Option B-plus (B*) (WHO, 2014). Further guidance was
provided in 2016, recommending that HIV-infected women in resource limited settings should
breastfeed for at least 12 months and may continue breastfeeding up to 24 months while on Option
B-plus ART (WHO, 2016a, WHO, 2016b). Overall, the PMTCT guidelines have increased uptake of HIV
testing among pregnant and lactating women and reduced MTCT rates, but retention of mother-

baby pairs along the eMTCT cascade on Option B+ remain a challenge (Gumede-Moyo et al., 2017).
1.2. The situation in Uganda

1.2.1. History and prevalence of HIV in Uganda

The Republic of Uganda is located in East Africa and lies on the equator. The capital city is Kampala.
According to the last census conducted in 2014, the total population was 34.6 million people. The
median age of the population is 15.4 years, and the annual population growth rate is 3.0%. Kampala
has a population of 1.5 million people. It is the second densely populated district after the

surrounding Wakiso district which has 2.0 million people (Uganda Bureau of Statistics, 2016).
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Figure 3: Location of Uganda on the map of Africa and equator crossing landmark at Kayabwe



The first clinical cases of AIDS in Uganda were reported in 1982. A local name ‘slim’ was coined to
refer to the disease (based on the characteristic symptoms of severe weight loss) that was later
called AIDS by clinicians and scientists worldwide (Serwadda et al., 1985). Since then Uganda has
been leading in the fight against HIV infection, in both adults and children, making tremendous
achievements between 1995 and 2006 when HIV prevalence reduced from 21% to 6.4%. This
achievement made Uganda a model country in the implementation of HIV prevention programs
(Slutkin et al., 2006).

However, these impressive gains are slowly being reversed as adult HIV prevalence is gradually
rising. The last national AIDS indicator survey (NAIS) of adults aged 15-49 years conducted in 2011
reported a national HIV prevalence of 7.3% among adults (MOH-Uganda, 2012b). Also , Uganda was
among the three countries in the world where the number of new HIV infections in adults had
increased (UNAIDS, 2013b). In 2015, the number of people living with HIV had increased from 1.4
million (in 2013) to 1.5 million, confirming a continued rise in the burden of HIV in Uganda since the
last NAIS survey (Uganda AIDS Commission, 2015). However, preliminary results of a recent
nationwide survey of 12,483 households indicated a lower HIV prevalence (6.0%) in adults aged 15-

49 years, and a 0.5% prevalence among children aged <15years (MOH-Uganda, 2017).

At a regional level, there is significant variation in the distribution of HIV-prevalence in Uganda. HIV
prevalence rates range from 2.8% in the West-Nile to 7.7% in South-West Region (Figure 4). Kampala
had a prevalence of 6.6%, which was lower than the national average (6.0%) and the surrounding
Central one (7.4%) and two regions (7.6%). Overall, the burden of HIV was higher in urban areas
compared to rural areas (7.1% vs 5.5%) (MOH-Uganda, 2017).

HIV Prevalence by Region
Percent of women and men age 15-49
who are HIV-positive

Kampala
6.6%

Figure 4: Map of Uganda showing HIV prevalence by region

(Updated map based on data by MOH-Uganda 2017)



With respect to gender, women are disproportionately affected by HIV throughout the country. In
2016, the prevalence of HIV infection in women was 7.5% compared to 4.3% in men (MOH-Uganda,
2017). Prevalence rates ranging from 13.5% to 4.8% have been reported in ANC surveillance surveys
at different sentinel sites, and the figures are comparable to those observed in the MRC General

Population cohort (Uganda AIDS Commission, 2015).

1.2.2. HIV and ART programmes in Uganda

Effective ART was introduced in Uganda in 2006, and since then free ART programs have been
scaling-up nationwide. The national HIV-care guidelines have also changed rapidly within the past
five years based on global guidance from WHO (see section 1.1.3). In 2016, the country adopted the
WHO test and treat strategy which recommends initiation of ART “at the earliest opportunity in all
people with confirmed HIV infection, regardless of clinical stage or CD. cell count” (MOH-Uganda,
2016). The recommended first-line ART regimen for adults and adolescents aged >10 years is TDF-
3TC-EFV, given as a daily fixed dose combination. The first line regimens for HIV-infected children
aged <10 years are ABC-3TC-EFV (children aged 3-10 years) and ABC+3TC+LPV/r (for children below
three years). These national guidelines also outline alternative regimens where the preferred first
line is clinically contraindicated, as well as second line and salvage therapies for patients who fail on

first and second line, respectively (MOH-Uganda, 2016).

HIV care programmes in the country are offered by various NGOs on behalf of the Ministry of Health
and mainly funded by The US President’s Emergency Program for AIDS Relief (PEPFAR) through the
American Centres for Disease control and Prevention (CDC) and the Global Fund (PEPFAR, 2017). The
major NGOs and institutions providing HIV care countrywide include: The AIDS Support Organisation
(TASO), Baylor College of Medicine Children’s Foundation-Uganda (Baylor-Uganda), Infectious
Diseases Institute (IDI), Mildmay, Elizabeth Glazier Paediatric HIV/AIDS Foundation (EGPAF),
Makerere University Johns Hopkins Research Collaboration (MUJHU) and Makerere University —

Mbarara University Joint Aids Program (MJAP).

At a national level, delivery of HIV-care services has been rationalised by the Ministry of Health. Each
partner organisation works with all health facilities within an allocated region (s) to avoid duplication
of effort. The recommended implementation strategy is the Health Systems Strengthening (HSS)
approach. WHO defines HSS as “improving the health system building blocks and managing
interactions in ways that achieve more equitable and sustained improvements across health systems
and outcomes” (WHO, 2007). Prior, to starting my PhD at Cambridge, | was privileged to work with
over 400 government health facilities through an HSS approach while |1 was employed at Baylor-

Uganda.



1.2.3. PMTCT in Uganda

Uganda has always been at the forefront of research and implementation of PMTCT guidelines. In
1999, Musoke et al. published an initial study that showed single dose Nevirapine (SdNVP) during
labour was effective in reducing the risk of MTCT (Musoke et al., 1999). This landmark study led to
the development of the first WHO PMTCT guidelines for resource limited settings, and Uganda
released its first national PMTCT guidelines in the same year. These recommended sdNVP during
labour and avoidance of breastfeeding for all HIV-infected women (MOH-Uganda, 2003, Esiru, 2013).
National PMTCT guidelines have also evolved in Uganda over the past 16 years to match the WHO

recommendations. The milestones of PMTCT implementation in Uganda are shown in Figure 5.
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Figure 5: Flowchart illustrating evolution of PMTCT guidelines in Uganda

(Esiru, 2013) [Original figure without the scroll — reproduced and modified with permission]

In 2010, when WHO recommended two PMTCT Options (A and B), Uganda adopted Option A
providing sdNVP and AZT/3TC because Option B which provided ART for the duration of MTCT was
not affordable. Uganda transitioned to providing lifelong ART for all pregnant and breastfeeding
women in 2012 following rapid advice from WHO; a strategy referred to as PMTCT Option B-plus
(referred to as Option B-plus in this thesis). With financial commitment from PEPFAR, the country
could then afford to maintain all pregnant and breastfeeding women on lifelong ART (MOH-Uganda,
2011).

The revised national PMTCT guidelines were released in early 2013. These recommended that all HIV
infected pregnant and breastfeeding women should be initiated on lifelong ART as soon as possible
regardless of their immune status, and strongly recommended HIV-exposed infant to be breastfed

for at least 12 months of age. The recommended first-line regimen for pregnant and breastfeeding
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women was TDF+3TC and EFV. Also, HIV-exposed infants were recommended NVP prophylaxis from
birth to 6 weeks of age and thereafter cotrimoxazole prophylaxis until six weeks after cessation of
breastfeeding. The first DNA-PCR HIV-test for the infants was done at six weeks of age and repeated
at six weeks after cessation of breastfeeding. The infants were monitored until 18 months of age
when a final confirmatory HIV-test is done and those confirmed HIV-negative at discharge from the
PMTCT clinic. Infants who test HIV-positive at any point were referred to the ART clinic and initiated

on ART as soon as possible (MOH-Uganda, 2013).

Uganda was the second country in Sub-Saharan Africa after Malawi to adopt Option B-plus
guidelines at the time when | conceptualised the study described in this thesis and submitted my
application for a Gates Cambridge Scholarship in December in 2012. The roll-out of Option B-plus in
Uganda was implemented in phases. Mulago hospital, which runs the largest PMTCT clinic in the
country, was among the first to implement. By 2014 when | wrote the full study protocol (first year
of PhD) the Mulago PMTCT program had fully transitioned to Option B-plus and this presented a
unique opportunity to investigate research questions on Option B-plus especially at that early stage

of roll-out in sub-Saharan Africa.

Further revision of PMTCT guidelines has taken place after the current study commenced. In 2016
the national consolidated ART guidelines were revised to match the WHO recommendations, but the
PMTCT Option B-plus ART guidelines were upheld. However, Uganda did not adopt the current WHO
recommendation to extend the duration of breastfeeding to 24 months due to concerns about

increased risk of MTCT during prolonged breastfeeding (MOH-Uganda, 2016, WHO, 2016b).

Implementation of the PMTCT programme in Uganda has rapidly scaled up since 2000 and
dramatically reduced new infections among children. At the beginning of the program in 2000, the
annual number of new HIV infections in children was about 25,000. In 2012 when the country
started the transition to Option B+, new paediatric HIV-infections had reduced to about 15,000 per
year. By 2015, after only three years of implementing Option B-plus, the number of new infections
had drastically reduced to about 3,486 per year (Uganda AIDS Commission, 2016). Uganda is on
course to meet the fast track target of less than 1,300 new infections in children by 2020 (Figure 6).
In June 2016, 97% (117,784) of HIV-infected pregnant women received ART for eMTCT, an increase
from 112,909 in 2014. (Uganda AIDS Commission, 2015, Uganda AIDS Commission, 2016). Given the
high burden of HIV in women and the excellent coverage for eMTCT services, more HIV-infected
mothers and their babies are having a longer duration of exposure to ART. Thus, there is a growing

focus on prevention and management of ART side effects.
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(Uganda AIDS Commission, 2016)[Open access for reuse in academic thesis]

1.3. HIV, ART and Bone

1.3.1. Bone health

Bone health, in the context of public health, is defined as the quality of being at low risk of three
common skeletal disorders, stunting, rickets and osteomalacia, and osteoporosis and fragility
fractures (Prentice et al., 2006a). Stunting is the impaired growth and development that children
experience from poor nutrition, repeated infection, and inadequate psychosocial stimulation”; and is
defined by low length or height-for-age below -2SD of the reference population and is commonly a
result of suboptimal health and/or nutritional conditions (Prentice et al., 2006b, WHO, 2018b).
Rickets and osteomalacia are abnormalities of the skeleton caused by a combination of low bone
mineral and collagen (Prentice et al., 2006b). “Osteoporosis is a skeletal disease characterised by low
bone mass, microarchitectural deterioration of bone tissue leading to enhanced bone fragility, and a

consequent increase in fracture risk” (Consensus Development Conference, 1991).

Bone mineral content (BMC) and bone mineral density (BMD) are good predictors of fracture risk in
both adults and children (Melton et al., 1993, Marshall et al., 1996, Melton et al., 1998, Black et al.,
2018). Several non-invasive imaging techniques exist for in vivo assessment of bone BMC and BMD.
These include dual-energy X-ray absorptiometry (DXA), quantitative ultrasound (QUS), quantitative
computed tomography (QCT), and peripheral quantitative computed tomography (pQCT).
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DXA, QCT and pQCT techniques use radiation while QUS uses ultrasound waves to estimate bone
mineral. The study described in this thesis used DXA which is the current gold standard for
measuring bone mineral and diagnosis of osteoporosis. Measurement of bone mineral using DXA is

discussed in section 2.1.3.

1.3.2. Overview of bone health in the context of HIV and ART

Greater incidence and prevalence of both osteoporosis and fractures have been reported among
HIV-infected persons compared to HIV negative persons in Caucasian populations (Torti et al., 2012,
Yin et al., 2012, Glerri-Fernandez et al., 2013). There is some evidence that HIV infection per se may
have a direct impact on bone through a variety of mechanisms that may increase resorption and
decrease formation (Gibellini et al., 2012). HIV-infected populations tend to have a higher
prevalence of traditional risk factors for low bone mineral density (BMD) (Carr et al., 2001, Dolan et
al., 2006, Prior et al., 2007). Furthermore, the HIV-infected groups are likely to be confounded by

exposure to ART.

Initiation of ART is associated with a 2-6% reduction in bone mineral density (BMD) at the spine and
the hip within the first 96 weeks regardless of ART regimen used. Thereafter, BMD remains stable
but does not return to baseline/pre-ART values (Brown et al., 2009, Brown, 2013). The most
significant declines in BMD (measured by DXA) occurs between 24-48 weeks following ART initiation.
Lower baseline CD4, female gender, older age, lower BMI, higher HIV viral load are all associated
with greater reductions in BMD (Grant et al., 2013). Clinical trials have shown that TDF, a preferred
drug in the current first-line ART regimen, causes greater reductions (1-2%) in BMD compared to
other ARVs (Gallant et al., 2004, Stellbrink et al., 2010). HIV-infected persons on TDF based regimens
are at increased risk of osteoporosis and fractures compared to persons on other ART regimens

(Battalora et al., 2014b).

A review of studies published on ART-related bone loss in HIV-infected women identified > 3% lower
BMD at the femoral neck among women on Pl-based ART compared to non-Pl based ART, but there
was no difference in BMD at the lumbar spine (Carvalho et al., 2010). However, none of the studies
included in that review was conducted in pregnant, lactating or African women. Recently, Hamill et
al. reported a 2-3% mean decrease in BMD and size-adjusted bone mineral content (SA-BMC) at the
total hip, femoral neck and lumbar spine at 12 months following initiation of ART in black South
African women who were neither pregnant nor lactating (NPNL) (Hamill et al., 2017). Overall, the

majority of existing studies have excluded pregnant and breastfeeding women.
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Pregnancy and lactation are associated with physiological changes in maternal bone mineral density
to supply calcium for bone mineral accretion in the offspring in utero and through breastmilk, but
most evidence shows that this is recovered after weaning or even higher than before (Olausson et
al., 2012). Therefore, ART may disrupt the normal process of bone mineral mobilisation in the
mother, leading to bone loss in the mother that is not recovered and compromised growth/BM
accretion in the baby. Extensive reviews of studies that used DXA in HIV negative pregnant women
identified a +0.5 to -2% mean change in the whole body BMD during pregnancy and a +1.8 to -4.5%
mean change in BMD at the spine and/or hip (Olausson et al., 2012, Kovacs, 2016). Recovery of
BMD has been observed after cessation of breastfeeding in apparently healthy women, including
even in African women on a very low calcium intake after long durations of breastfeeding (Sawo et
al., 2013). However, data is limited on the changes in BMD in HIV-infected breastfeeding women in

either Caucasian or African populations.

At the time of designing the Gumba study, there was only one publication on the effect of ART on
maternal bone mineral. Mora et al. studied bone mineral in 33 HIV-positive (on antepartum ART)
and 116 HIV-negative Italian mother-baby pairs. The median exposure to ART during pregnancy was
33 weeks, and HIV-infected women did not breastfeed. However, only 17 HIV-positive and 57-HIV-
negative mother-baby pairs were studied at 4 and 12 months. Mid-tibia cortical bone mineral was
measured at baseline (within 4 days after delivery), 4 and 12 months postpartum using QUS. The
investigators did not find significant differences in maternal cortical bone mineral at baseline or
within the first year postpartum (Mora et al., 2013). They also reported no significant differences in
infant cortical bone mineral within 4 days of birth, 4 and 12 months of age; and bone mineral accrual
was not significantly different between the groups. HIV-exposed infants had lower weight and length
at baseline and 4 months of age, but there was no significant difference at 12 months. Adjusting for
gestational age and weight did not have a significant effect on the results. The investigators also
reported no significant differences in cord blood BAP and CTX between HIV-exposed and unexposed

infants (Mora et al., 2012).

The two papers by Mora et al. contribute to our understanding of postpartum changes in cortical
bone mineral in Caucasian HIV-infected women and their infants following initiation of ART during
pregnancy. However, the studies had a relatively small sample size of HIV-infected women especially
in the longitudinal follow-up (17 women), so they may not have had adequate power to detect
differences between the groups. Also, cortical bone was assessed although most evidence shows
that mobilisation of bone mineral during pregnancy and lactation is more evident in the trabecular-

rich bone sites (Kolthoff et al., 1998). The bone imaging technique used (Qualitative ultrasound,
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QUS, discussed in section 2.1.3) measures the speed of sound through bone, hence it is not a direct
quantification of bone mineral. Furthermore, maternal ART and infant feeding practice mirrors the
current recommendations in the western countries (i.e. HIV-infected women received ART during
pregnancy and did not breastfeed), but not in SSA. Therefore, the findings by Mora et al. may not
apply to HIV-positive women on lifelong ART under the current Option B+ especially in sub-Saharan
Africa where breastfeeding is recommended. It is therefore important to describe bone mineral in
breastfeeding HIV-infected African women on lifelong ART and bone mineral accretion in their
babies. The Gumba study described in this thesis studied bone mineral using DXA, the gold standard
for bone mineral assessment, in breastfeeding HIV-infected African mothers on Option B+ and their

infants within the first 3 months of life.

Also at the time of designing the Gumba study, a multicentre clinical trial, PROMISE (Promoting
Maternal and Infant Survival Everywhere) P1084s was ongoing. PROMISE P1084s compared bone
and renal outcomes of mother-baby pairs on PMTCT Option A vs Option B in Uganda, Zimbabwe,
Malawi and South Africa. The parent PROMISE study was a cross-over trial that randomised pregnant
mothers into two PMTCT arms: Triple ART (ZDV/3TC/LPV/r or TDF/3TC/LPV/r) or ZDV in pregnancy +
SANVP + TDF/FTC at birth. Postpartum mothers (n=2431) and their infants (n=2444, including 13 sets
of twins) were randomised within 14 days after delivery to either maternal ART or infant nevirapine
prophylaxis. PROMISE P1084s recruited a subset of 400 mother-baby pairs (167 in the postpartum
ART arm and 170 in the infant prophylaxis arm) who were not exposed to ART during pregnancy and

did not have a control group of HIV-negative women.

Towards the end of my PhD, preliminary findings from PROMISE P1084s were presented at the 2016
HIV paediatrics workshop in Durban SA. Mothers in the maternal triple ART arm experienced greater
reductions in bone mineral between 1 and 74 weeks postpartum compared to the infant prophylaxis
arm (LS: -2.06% vs +1.09%, p<0.001; THip: -5.37% vs -3.05%, p<0.001) (Stranix Chibanda and
PROMISE-team, 2016). However, potential confounders (especially changes in body weight,
breastfeeding practices, duration of amenorrhoea and use of hormonal contraception/depo-
provera) were not adjusted for. Hopefully, these limitations will be addressed when the full paper is
published. The PROMISE study did not a have a control group of HIV-negative women for
comparison of either maternal or infant outcomes. Therefore, the study reported in this thesis was

designed to overcome that limitation.
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1.3.3. Overview of infant growth and bone health in the context of maternal HIV/ART

Maternal Tenofovir (TDF) is transferred to the offspring in utero across the placenta and postpartum
through breast milk (Benaboud et al., 2011, Flynn et al., 2011). Animal studies have reported
adverse effects of TDF exposure during gestation on fetal bone mineralisation in monkeys although
this was at higher doses of TDF compared to those currently used in humans, and the effects of TDF
on bone were dose-dependent (Tarantal et al., 1999, Tarantal et al., 2002). Pharmacokinetic studies
have reported greater transfer of TDF to the infant in-utero compared to postpartum through
breastmilk (Benaboud et al., 2011). There is also evidence that 3TC and EFV (other preferred first
line drugs in the current Option B+ regimen, see section 2.3.3 for their effect on bone) also
penetrate into breastmilk in small quantities (Palombi et al., 2016). To date, human studies have
reported conflicting evidence on maternal TDF use during pregnancy on bone and growth outcomes

in the offspring who are not HIV-infected (HIV exposed uninfected infants).

In PHACS (USA-based Paediatric HIV/AIDS Cohort) study, significantly lower mean length-for-age Z-
scores (-0.17+1.00 vs -0.02+1.14; p=0.04) and head circumference-for-age Z-scores (-0.23+1.10 vs -
0.41+1.25; p=0.02) were observed at age one year of age in TDF-exposed infants compared to TDF-
unexposed infants born to HIV-infected American women; but WAZ was not significantly different
between the groups. More data from PHACS showed lower mean whole body BMC in neonates with
in-utero exposure to maternal TDF compared to TDF unexposed infants (—7.8g [95% Cl —12.6g, —
3.1¢]; p=0.01). The difference between the groups remained significant after adjusting for clinical
site in addition to age, smoking, CD4 count, viral load, sex, gestational age, age at dual-energy X-ray
absorptiometry, race, and body length (-5.3g (95% ClI -9.5g, -1.29g; p=0.013) (Siberry et al., 2015).
However, infant body weight was not initially adjusted for, and that was queried by Koo and
colleagues (Koo et al., 2016). After adjustment for both infant length and body mass, the difference
between the groups reduced to -3.2g (95% CI —5.7g, —0.7g) and remained significant (p=0.014)
(Siberry and Jacobson, 2016). In the same study, there were no significant differences between the

groups in mean length-for-age (-0.41 vs —0.18) or weight-for-age (-0.71 vs —0.48) Z-scores.

PROMISE P1084s study (described in section 1.3.2) also observed lower whole body bone mineral
among maternal HIV and ART-exposed neonates compared to HIV-exposed but ART unexposed
infants; but there were no significant differences in growth (Siberry et al., 2016). These data suggest
compromised bone mineral accretion in neonates exposed to maternal TDF during pregnancy.
However, the longer term implications and clinical significance for infant bone health are not yet
clear. This thesis provides data on bone mineral accretion in maternal HIV/ART exposed infants

within the first three months of life.
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In contrast to studies on maternal and infant bone mineral, there are many published studies on
growth of HIV-exposed infants. The majority have reported poorer growth in HIV-exposed infants
compared to HIV-unexposed (Evans et al., 2016) (reviewed in section 2.4). Muhangi et al. reported
two times greater odds of underweight in HIV-exposed Ugandan infants compared to unexposed
infants at one year of age (Muhangi et al., 2013a). The Development of AntiRetroviral Therapy in
Africa (DART) trial, conducted between 2003-2009, did not observe significant differences in
anthropometric Z-scores between in-utero TDF-exposed and unexposed (Ugandan and Zimbabwean)
children within the first 3 years of life. However, Ugandan children had significantly lower Z-scores

compared to Zimbabwean children.

To date, DART has the longest follow-up data published on growth of HIV-exposed infants following
in-utero exposure to maternal ART. In Uganda, the DART trial was conducted in Kampala, and it did
not have a control arm of HIV-unexposed children. The investigators argued that the mean Z-scores
of Ugandan children were similar to a reference population in South-West Uganda (Gibb et al.,
2012). However, the latter were collected in 1988 when the prevalence of stunting and underweight
was twice as high as Kampala (stunting 27.9% vs 14.2%; underweight 21.2% vs 10.5%)(MOH-Uganda,
1989). Since 1988, the region has consistently had a greater burden of malnutrition in the national

demographic and health surveys. Therefore, the South —~West reference data are not representative.

Pooled data from the parent PROMISE study did not reveal significant differences in growth between
HIV-exposed infants in the maternal ART arm compared to the infant prophylaxis arm (Stranix-
Chibanda and PROMISE-team, 2016). Contrary, a sub-analysis of the parent PROMISE data (only
Uganda and Malawi) revealed significantly lower anthropometric mean Z-scores (weight, length and
head circumference) in HIV and ART-exposed Ugandan infants compared to unexposed infants at 12
and 24 months of age, but the differences were not observed in Malawian infants at the same
timepoints (Aizire et al., 2016). Contrary, other studies have not observed adverse effects of
maternal TDF use on infant outcomes (Nurutdinova et al., 2008, Vigino et al., 2011, Gibb et al.,
2012). However, all the three PROMISE publications/presentations do not present data on
breastfeeding and infant feeding practices which are major determinants of infant growth. It is
therefore important to investigate the disparities in growth in Ugandan HIV-exposed children in

studies with a control group of HIV-unexposed children in the same environment.

Overall, the majority of the studies have concentrated on in-utero exposure to TDF although
maternal EFV and 3TC may affect bone and lack control groups of HIV-unexposed uninfected infants
for comparison of outcomes. Although, there is growing re-assurance that exposure to maternal

TDF-based ART has minimal adverse effects on the offspring (Mofenson et al., 2017), data are
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limited on infant bone mineral accretion beyond the neonatal period following both in-utero and
extended exposure to maternal ART/TDF through breastfeeding (12-24months) as per the current
Option B+ guidelines. It is therefore important to describe bone mineral accretion in HIV-exposed

African children in longitudinal studies.

1.3.4. Bone health in Uganda

The prevalence of osteoporosis in Uganda is currently unknown, and there is no national screening
program. However, there are a few studies which have looked at disability among the elderly and
asked questions on bone health. In the 2014 Uganda national household survey, 2,628 persons aged
over 50 years were asked the question “Do you have difficulty walking or climbing steps?” Overall
19.6%% and 8.8% respectively reported: “some difficulty” and “a lot of difficulty” walking or climbing
the stairs. More women (33.6%) compared to men reported difficulty walking/climbing stairs (22.7%).
Also, the proportion of respondents who reported a lot of difficulty walking/climbing stairs was
greater among women (10.8%) compared to men (6.6%) (Wandera et al., 2014b). A local non-
governmental organisation, The Aged Family Uganda (TAFU) conducted a survey in 2006 among
elderly persons aged 65-80 years in 7 districts of Kampala, in which they asked the question “Are you
sick now”. Out of the 382 people surveyed, the highest proportion (81%) reported back and bone
problems (Cumming, 2006).

Uganda has two DXA scanners located at MUJHU (within Mulago hospital) which are only used for
research. These have been used in IMPAACT (International Maternal Pediatric Adolescent AIDS
Clinical Trials Network) studies including PROMISE1048s (discussed in sections 1.3.2 and 1.3.3).
Studies outside IMPAACT have also used DXA equipment at MUJHU. A study conducted among 181
HIV-infected adults aged 31-41 years who were failing on first-line ART reported 50.1% and 25%
prevalence of low BMD at the spine and the hip, respectively (Wandera et al., 2014a). In that study,
the prevalence of osteoporosis at the lumbar spine and hip was 8% and 1.1%, respectively; and the
prevalence of osteopenia was 46.6% and 27.1% at the lumbar spine and hip, respectively. BMI was
associated with BMD at both the lumbar spine and hip while the use of TDF in first-line ART regimen
was associated with low BMD at the spine. The investigators defined low BMD as T-score < -1,
osteoporosis as T-score less than -2.5 and osteopenia as T-score between -2.5 and -1, respectively

(Wandera et al. 2014).
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National data on the prevalence of stunting among children aged less than five years is reported every
five years in the Uganda Demographic and Health Surveys (UDHS). According to the last UDHS results
released in 2016, the national prevalence of stunting was 29% (Uganda Bureau of Statistcs and
International, 2017). Studies conducted in Uganda have reported a higher burden of stunting among
HIV-exposed uninfected children compared to HIV-unexposed uninfected children (Fadnes et al.,

2010, Muhangietal.,2013b, Engebretsen et al., 2014) although others have not (Nalwoga et al., 2010).

The majority of these studies, conducted in the pre-Option B-plus era, observed that stunting was
associated with sub-optimal infant feeding practices and lower socio-economic status (Muhangi et al.,
2013a, Odongkara et al., 2013). At Baylor Uganda, | conducted a retrospective study based on chart
reviews for4000 HIV-exposed infants aged <1 year at Mulago PMTCT clinic, following the change in
WHO PMTCT and infant feeding guidelines. At the time WHO 2010 guidelines recommended
breastfeeding for at least 12 months and maternal ART (either PMTCT Option A or B). The study found
that a greater proportion of exposed infants on WHO 2010 guidelines were breastfed, but they were
two times more likely to be stunted compared to infants on WHO 2006 guidelines (30% vs 16%,
p<0.0001 based on WHO 2006 growth references (Nabwire et al. 2012). However, that study did not

have a control group of HIV-unexposed uninfected infants for comparison of growth outcomes.
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1.4. Research problem

Sub-Saharan Africa (SSA) already has twice the number of older adults (aged 60+) than northern
Europe, and this figure is expected to grow faster than anywhere else in the world, increasing from 46
million in 2015 to 157 million by 2050 (International Osteoporosis Foundation, 2011). A demographic
explosion is predicted for older people in Africa and the Middle East, such that those aged 50+ will
account for 25% of the population by 2020 and 40% by 2050, conveying the highest proportional
increase in hip fracture rates than any other region word (Cooper et al., 2011). Hip fractures result in
the loss of independence, lost wages, economic instability and increased mortality among the elderly.
Women are at increased risk of fractures in old age compared to men. When aged 60, further life
expectancy in SSA is 16 years for women and 14 for men, suggesting that for those who survive early

life challenges, a long old age is already a reality (Aboderin and Beard, 2015).

Women of reproductive age are disproportionately affected by HIV in SSA. Scale-up of lifelong ART for
pregnant and lactating women (Option B+ strategy) has dramatically improved maternal health and
reduced MTCT over the past five years. Initiation of ART is associated with a 2-6% decrease in BMD
regardless of the ART regimen used. Tenofovir, a preferred drug in the current first-line ART regimen,
is associated with 1-2% greater decrease in BMD and increased risk of fractures compared to other
ARVs (Stellbrink et al., 2010). Pregnancy and lactation are associated with physiological changes in
BMD (up to -4.5%), but recovery occurs after cessation of breastfeeding. However, the majority of
published studies on HIV associated bone loss and fractures have been conducted in either men or
non-pregnant and non-lactating women. Consequently, there is limited evidence on whether initiation
of ART, pregnancy and lactation have an additive effect on bone loss among HIV-infected women on
TDF- based ART, and if recovery of bone mineral occurs after cessation of breastfeeding. Therefore,
research on bone health in these populations will inform interventions to mitigate the projected

increase in fractures.

1.5. Hypothesis

The hypothesis of this thesis is that ART may accentuate the normal process of maternal bone mineral
mobilisation, leading to bone loss in the mother that is not recovered, and compromised growth

and/or bone mineral accretion in the baby.
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1.6. Research plan

1.6.1. Overview of the study design and rationale

This is a longitudinal observational cohort study with two groups of women and their infants namely:
(1) HIV-infected pregnant women initiated on first-line ART under Option B-plus during the current
pregnancy (HIV-positive), and (2) HIV-negative pregnant women who had never been on ART (HIV-
negative). This longitudinal design was selected because it presented an opportunity for observation

of both cross-sectional and longitudinal changes in outcomes between the study groups.

The study population was HIV-infected pregnant women antepartum and breastfeeding mother-
baby pairs enrolled on the PMTCT Option B-plus programme at Mulago Hospital in Kampala,
Uganda. HIV-infected pregnant women initiating ART under Option B-plus were selected because
most of the existing studies on ART and bone excluded pregnant and breastfeeding women
(discussed in section 1.3.2). Children born to both HIV-infected and HIV-negative women were
followed for comparison of bone and growth outcomes following maternal ART exposure (discussed

in section 1.3.3).

1.6.2. Study objectives and outcomes

The primary objective was to determine if HIV-positive women initiated on lifelong ART during
pregnancy experience a greater reduction in bone mineral during lactation compared to HIV-
negative women. The primary outcome was the difference between the groups in % change ( SE) in

maternal lumbar spine (LS) areal bone mineral (aBMD) between PP2 and PP14.

Secondary outcomes were the cross-sectional and longitudinal differences between the groups in
the maternal total hip (TH) and whole body (WB) bone mineral, and body composition measured by
DXA, anthropometry, breast milk composition, plasma and urine biochemistry, calciotropic
hormones and bone turnover markers; and infant anthropometry, growth Z-scores, bone mineral

content and body composition.
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1.6.3. Approach taken to address objectives and test hypothesis

Both HIV-negative and HIV-positive pregnant women who were ART naive before the index
pregnancy, were recruited from Mulago Hospital in Kampala, Uganda. Pregnant women were
followed at 36 weeks of gestation (PG36). Thereafter, mother-baby pairs were followed postpartum
at 2 and 14 weeks postpartum (PP2 andPP14, respectively). ART was provided under routine clinical
care as per the prevailing clinical guidelines. Deatailed descriptions of the conduct of the study visits

are presented in chapter 3.

DXA scans were performed to measure bone phenotype (areal BMD (aBMD), bone area (BA), bone
mineral content (BMC), and size-adjusted BMC (SA-BMC) in mother-baby pairs at 2 and 14 weeks
postpartum. Physiological and biochemnical data (blood and urine biochemistry), calciotropic
hormones [250HD and PTH], markers of bone turnover (procollagen type 1 N-terminal propeptide
[PANP], C-terminal telopeptide, [CTX], bone-specific alkaline phosphatase [BAP]) and breast milk
mineral composition (Ca, P, Na and K) were collected to investiagte potential disruptions in calcium-
vitamin D and bone metabolism. Data were also collected on infant growth, and potential confounders
(maternal anthropometry, medical history, maternal dietary intake of calcium and vitamin D rich
foods, breastfeeding practices, and physical activity. Detailed description of the study methods and

the rationale is presented in chapter 4 section 4.1.
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1.7. Structure of thesis

This thesis is organised into the following chapters:

Chapter 2: Literature review. Presents an overview of HIV prevalence, ART, biology physiology and
effects of pregnancy/ lactation on the bone, then builds up to a critical appraisal of studies on HIV/ART
and pregnancy/lactation. The chapter also critiques studies on maternal HIV/ART and infant growth

and maternal HIV/ART and lactation.

Chapter 3: Study design. Outlines the study objectives study design setting, participants, recruitment

and a summary of the protocol.

Chapter 4. Study methods. Describes the methods/techniques used in data collection, laboratory,

data handling and statistical analysis.

Chapter 5: Results at baseline and PG36. Presents the cross-sectional differences between the groups
for maternal outcomes at 36 weeks of gestation, with and without adjustment for potential

confounders where appropriate.

Chapter 6: Results at two weeks postpartum. Presents the cross-sectional differences between the
groups for maternal and infant outcomes at two weeks postpartum, with and without adjustment for

potential confounders where appropriate.

Chapter 7: Results at 14 weeks postpartum. Presents the cross-sectional differences between the
groups for maternal and infant outcomes at 14 weeks postpartum, with and without adjustment for

potential confounders where appropriate.

Chapter 8: Longitudinal results. Presents change in maternal and infant outcomes between 36 weeks
of gestation and 14 weeks postpartum. The chapter compares the differences between the groups in

mean percent changes presented with and without adjustment for potential confounders.

Chapter 9: Discussion. The chapter discusses the main findings in the context of the existing literature

and gives recommendations for future research.
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CHAPTER 2: LITERATURE REVIEW

2.1. Overview of bone biology and metabolism

2.1.1. Bone Biology

Bone is a tissue composed of an extracellular matrix and cells. The matrix contains both organic
(35%) and inorganic (65%) molecules. The organic matrix is made predominantly of type | collagen
(90%) with small amounts of non-collagenous proteins such as osteocalcin, glycoproteins and
proteoglycans, and is mineralised by hydroxyapatite crystals which are formed by inorganic calcium
and phosphate (Hlaing and Compston, 2014). The primary functions of bone are to provide
mechanical support to the body, act as a reservoir for calcium and phosphate (discussed later in

section 2.2.3) and a site for production of blood cells in the bone marrow (Grabowski, 2009).

Bone modelling and accretion starts during fetal growth and continues up to about 30 years of age
when peak bone mass is achieved, and after that bone mineral remains relatively stable over the
next 15-30 years. The adult skeleton contains about 1-1.5kg of calcium after peak bone mass is
attained. The calcium required for bone mineralisation is acquired from the diet. There are two
types of bone: cortical and trabecular, and the distribution differs at various sites of the skeleton.
Cortical bone is more compact compared to trabecular bone and forms a bigger proportion of the
long bones, giving structure and strength to bone. The shafts of long bones are predominantly
made-up of cortical bone (Grabowski, 2009). Trabecular bone is more porous and metabolically
active than cortical bone, and a greater proportion is found in the vertebrae and the ends of long

bones.

Throughout life, bone continuously undergoes remodelling - a process by which old bone is removed
and replaced by new bone under tightly controlled processes of bone formation and bone
resorption. The three main types of bone cells are osteoblasts (bone forming cells), osteoclasts and
osteocytes (Hlaing and Compston, 2014). Bone remodelling is mainly driven by osteoblasts and
osteoclasts, which form a bone remodelling unit. The osteoclasts remove old bone (resorption), and
osteoblasts lay down and mineralise new bone (formation) (Grabowski, 2009, Hlaing and Compston,
2014).
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Figure 7: Bone remodelling cycle.

Bone remodelling cycle. Bone turnover follows a sequence of events that includes activation, recruitment of osteoclasts (Ocl) to begin
resorption, degradation and removal of bone, reversal, and formation of new bone by osteoblasts (Ob). After this phase, a quiescent or
resting period occurs. LC, lining cell; Oc, osteocyte (Bonjour et al., 2014) [Reproduced with permission].

The bone remodelling cycle has four main phases that proceed in a sequence (Figure 7). The cycle
starts with the release of cytokines from osteoblast precursors, leading to the formation of
osteoclasts. The osteoclasts attach to the bone surface and remove old bone. Growth factors
especially IGF-1 and transforming growth factor-g are released during bone resorption, and these

activate both bone lining cells and osteoblasts to lay down new bone (Bonjour et al., 2014).

The bone remodelling cycle takes about 200 days in a healthy individual. Bone mineral accretion
occurs when the rate of bone formation exceeds the rate of bone resorption, and bone loss occurs
when the rate of resorption exceeds formation. The rate of bone remodelling is higher during
growth in childhood and adolescence. Calcium, vitamin D, phosphate and other bone-forming
minerals are required for adequate bone mineralisation (Bonjour et al., 2014). Also, protein is
required for bone formation — to form the collagen matrix. In women, hormonal changes associated
with resumption of menses after lactational amenorrhea, hormonal contraception and menopause
may also impact on the bone remodelling process (Olausson et al., 2012). Other factors that
influence bone resorption include mechanical stress, systemic hormone diseases, chronic infections,
body weight, drug and substance use and some therapeutic drugs. Disruptions in the bone modelling
unit which favour bone resorption may lead to accelerated loss of bone mineral weakening the bone

microstructure (as in osteoporosis), hence increased risk of fracture.
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The rate of bone remodelling is reflected in bone turnover markers which can be measured either in
blood or urine. Markers of bone formation include osteocalcin, bone-specific alkaline phosphatase
and propeptide type 1 extension peptides [procollagen type 1 N-terminal propeptide (P1NP) and
procollagen type 1 C-terminal propeptide (P1CP)]. Resorption markers include: Hydroxyproline
(OHP); collagen cross-link molecules [pridinoline (PYD) and deoxypyridinoline (DPD)]; cross-linked
telopeptides of collagen [N-terminal telopeptide (NTX) and C-terminal telopeptide (CTX) (Hlaing and
Compston, 2014).

Bone modelling and remodelling are dynamic processes. Hence a combination of assessments of
bone mineral, bone turnover markers and anthropometric measurements provide a more
comprehensive picture of bone health. The International Osteoporosis Foundation - International
Federation of Clinical Chemistry (IFCC) and the Laboratory Medicine Bone Marker Standards
Working Group recommend one bone formation marker (P1NP) and one bone resorption marker

(CTX) for fracture risk prediction and monitoring for osteoporosis treatment (Vasikaran et al., 2011).

2.1.2. Calcium, Vitamin D, Phosphate and Bone

2.1.2.1. Calcium-Phosphate-vitamin D homeostasis

About 99% of total calcium and 85% of total phosphate in the human body are stored in the skeleton
embedded within hydroxyapatite crystals (formula Ca.(PO.)s(OH).). Therefore, bone provides an
adequate supply of both ionised calcium and phosphate to extracellular fluid, and also buffers

against excess supply from dietary sources (Grabowski, 2009).

Serum calcium concentration is very tightly regulated (between 1.17 and 1.33 mmol/l) by the
parathyroid hormone (PTH) and 1, 25 hydroxy vitamin D [1, 25(0OH).D] as illustrated in Figure 8. In
brief, when plasma calcium (P-Ca) levels fall below the normal range, there is increased production
of PTH by the parathyroid gland. This acts on the kidneys to decrease urinary calcium loss. It also
increases the formation of 1, 25(0H).D, which in turn, causes both increased intestinal absorption of
calcium and mobilisation of calcium from bone to raise serum calcium concentrations back to the
normal range. However, mobilisation of calcium from bone is accompanied by phosphate, and this
elevates plasma phosphate concentration. Reduced production of PTH and increased production of
fibroblast growth factor-23 (FGF-23) in bone increases renal phosphate excretion resulting in a fall in

plasma phosphate (Prentice et al., 2008) .

26



Low serum +) High
calaum -------------- serum P;
) |+

@

+ / //‘ \ +‘
1 l ey NPT2 03 l 1
PTH <+ /= Caz+e=! "‘-"\—1 25(0H), D—" I, P Lo L FGF23

Diet Ca Die
\”; TI L ¥ IW;_/
/’)* 1aOHaseT OHasel ﬁ)‘“
. +\
250HD l - LS A l 250HD
vitp ™\ vitD
Emediet Urinary Cal Urinary PT Ensdt

Figure 8: A schematic representation of the integrated Ca-P-vitamin D homeostatic system

(Prentice et al., 2008) [Reproduced with permission]

The renal system is central to vitamin D- calcium-phosphate homeostasis. Therefore, disease
conditions and factors that compromise renal function may also affect bone health. For example,
renal phosphate wasting (due to renal toxicities) is one of the mechanisms of bone loss in HIV-

infected persons on TDF based ART (discussed later in section 2.5.3).

2.2.3.2. Assessment of renal phosphate handling.

Renal phosphate handling is assessed by calculating the rate of phosphate clearance from blood by
comparing phosphate concentrations in both blood and urine over a timed duration in the fasting
state. Normally, more phosphate (95%) ions are reabsorbed by the kidneys during fasting and losses
through urine are reduced. Postprandial (in approximately within 2 hours after eating) reabsorption
of phosphate ions is reduced and there is increased excretion through urine (Anderson et al., 2012).
Therefore, 2-hour fasted blood and urine collections are usually used in the assessment of renal

phosphate clearance rate (Nordin and Fraser, 1960).

However, renal phosphate clearance is not a good measure of renal phosphate handling as it is
affected by factors that influence the concentration of phosphate in the blood such as glomerular
filtration rate, and rate of phosphate release from the gut, bones and cells into extracellular space.
Consequently, tubular maximum reabsorption rate of phosphate (TmP) to glomerular filtration rate
(GFR) is recommended. The normal TmP is >80% and the corresponding TmP/GFR is 2.6-4.4 mg/d|
(0.80-1.35 mmol/1) (Payne, 1998).
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2.1.3. Measurement of bone mineral using DXA

DXA imaging uses a low radiation dose similar to daily natural background radiation. This technique
provides information on BMC, areal BMD (aBMD), bone area (BA) and body composition. aBMD is
the most widely reported because it is measured with the greatest precision with reproducibility of
1-2% (Prentice et al., 2006a). DXA measurements can be performed on the whole body and axial
sites (commonly the hip and spine) and also the forearm. However, whole body and axial sites (hip
and spine) of pregnant women are not scanned using QCT or DXA techniques to avoid unnecessary
exposure of the fetus to radiation because the scans cannot distinguish maternal and fetal tissues
(Olausson et al., 2012). The international foundation for osteoporosis recommends the hip for
diagnosis of osteoporosis in adults and the spine for monitoring osteoporosis treatment. In growing
children, there is variability in skeletal development, especially at the hip. Hence, whole-body less
head (WBLH) and spine measurements are recommended reference sites (Crabtree et al., 2014,
Kalkwarf et al., 2014).

The international standard for clinical diagnosis of osteoporosis in postmenopausal women and men
aged >50 years is based on T-scores from a comparison of the individual’s aBMD measurement to
the reference population data. A T-score lower than -2.5. T-score is classified as osteoporotic,
between -1 and -2.5 is classified as osteopenia or low BMD; and a T-score above -2.5 is classified as
normal (WHO Study Group, 1994). However, the T-scores are based on data from postmenopausal
Caucasian women, hence not applicable in either non-Caucasian women or premenopausal
regardless of ancestry. To date, the majority of the reference data for DXA has been generated from
developed/western countries, and there are no representative reference data for Africans.
Therefore, , Z-scores based on appropriate reference population are recommended for other age

group and non-Caucasian populations (WHO, 2007b).

Caution should be exercised when comparing low aBMD or BMC and fracture risk across
populations. This is because both BMC and aBMD are strongly influenced by body size. Populations
of shorter stature (such as Africa and the Far East) have lower bone mineral compared to Western
populations but they do not have higher rates of osteoporotic fractures. Also, aBMD is measured as
g/cm?which is equivalent to BMC/BA, hence it is not a true volumetric density. To address these
challenges, it is recommended that aBMD is adjusted for bone size in linear regression models, and
all DXA readings (BMC, BA, aBMD and size-adjusted aBMD [SA-aBMD]) should be reported for
proper interpretation of the data (Prentice et al., 1994).

28



Low aBMD is an important predictor of fracture risk in adults, but other health and lifestyle factors
also contribute to the risk of fractures (Kanis et al., 2013) These factors include race, age, sex,
weight, height, smoking, glucocorticoid use, alcohol intake of 3 or more standard units per day,
previous fracture, family history of fractures, rheumatoid arthritis, other diseases associated with
osteoporosis (including HIV). FRAX® is a free online risk assessment tool that was developed in 2008,
by researchers at the University of Sheffield, to evaluate the risk of fractures in patients. The tool
uses algorithms that integrate these risk factors with aBMD measurement at the femoral neck to

give a 10-year probability of fracture (Kanis et al., 2008, Kanis et al., 2009).

2.2. Pregnancy, lactation and bone

Maternal calcium is transferred across the placenta for fetal bone mineral deposition during
pregnancy and later supplied to the mammary glands for secretion into breast milk during lactation.
A full-term human fetus contains about 30g of calcium, 20g of phosphorus and 0.8g of magnesium,
of which = 80% is deposited during the third trimester. Demand for calcium and other bone forming
minerals is high during pregnancy and lactation. Mean accretion rate for calcium in the fetus ranges
from 50mg/day at 20 weeks to about 300-350mg/day at 35 weeks of gestation (Givens and Macy,
1933, Widdowson and Dickerson, 1964, Widdowson and McCance, 1965, Forbes, 1976, Ziegler et al.,
1976, Prentice and Bates, 1994). Depending on the individual, about 200 — 400 mg per day of
calcium is secreted into breast milk at peak lactation, but varies for individual women (Prentice,
2003). Phosphorus accretion increases from 40mg/day at 24 weeks to 200mg/day from 35 weeks of
gestation and of magnesium increases from 1.8 to 7.5mg/day in the last five weeks of pregnancy
(Widdowson, 1962, Prentice, 2003).

Extensive literature reviews implicate three physiological adaptations of maternal calcium economy
(1) up-regulation of intestinal absorption of calcium (2) altered renal calcium handling (3) altered
skeletal turnover and mineral metabolism (Olausson et al., 2012, Kovacs, 2016). Some of these
adaptations start in the first trimester of pregnancy way before calcium requirements peak in the
third trimester. Intestinal calcium absorption doubles and renal calcium excretion is increased in
anticipation of peak accretion rates in the last trimester of pregnancy. Intestinal absorption is also
up-regulated, and renal calcium is conserved in lactation. However, skeletal resorption is the

dominant mechanism for meeting increased maternal calcium requirements during lactation.

A review of studies using DXA has shown a +1.8 to -4.5% mean change in maternal aBMD at the
lumbar spine and/or hip during lactation (Olausson et al., 2012). The magnitude of the changesin
aBMD during lactation varies between individuals and is also dependent on other factors including
resumption of menses, and the intensity and duration of breastfeeding. There is also some evidence

that women who breastfeed for longer tend to mobilise more bone mineral over time compared to
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those who breastfeed for shorter durations. The magnitude and duration of skeletal response to
lactation are also related to resumption of menses (Laskey and Prentice, 1999). In British women,
maternal height and volume of breast milk consumed by the infant have been associated with
maternal lumbar spine bone mineral after adjustment for the bone area (Laskey et al., 1998).
Increasing calcium intakes does not attenuate the observed changes in the maternal bone mineral

(Prentice, 2000, Jarjou et al., 2010).

Pregnancy and lactation are also accompanied by significant increases in markers of bone turnover.
Early increases in bone resorption markers (NTX, CTX and DPD) have been observed in the first
trimester of pregnancy, without changes in bone formation markers (PLNP, P1CP and bone-specific
ALP). Then, both resorption and formation markers reach their highest concentrations in the third
trimester. Markers of bone formation and resorption increase within the first few weeks of lactation
and are higher compared to late pregnancy. After that, the bone resorption markers decrease while
formation markers either remain elevated or increase further before decreasing in late lactation
(Prentice et al., 1998, Holmberg-Marttila et al., 2003, More et al., 2003, Vargas Zapata et al., 2004).
The increased bone turnover during pregnancy and lactation is consistent with the observed changes

in maternal bone mineral.

Changes in maternal aBMD during lactation are physiological. Most evidence shows that bone
mineral density is recovered (or even higher) after stopping breastfeeding and resumption of
menses both in women on calcium intakes close to international recommendations and very low
calcium intakes (Kent et al., 1990, Kalkwarf and Specker, 1995, Laskey and Prentice, 1999, Moller et
al., 2012). Recovery of bone mineral at the lumbar spine has been observed from six months of
lactation regardless of breastfeeding status (Cooke-Hubley et al., 2017), and also in Gambian
women after long durations of breastfeeding (Sawo et al., 2013). However, recovery at the total hip
and the femoral neck take longer compared to the spine. Laskey et al. observed partial recovery of
bone mineral at the femoral neck at 3 months post weaning, and residual effects on the maternal
skeleton that were not related to the duration of lactation which were attributed to having been
pregnant (Laskey and Prentice, 1999). It is thought that these changes in bone turnover markers
account for the mobilisation of bone mineral in early lactation when resorption exceeds formation
and replenishment of bone mineral in late lactation and after stopping breastfeeding - when

formation exceeds resorption (Olausson et al., 2012).

Recent studies using high resolution pQCT have reported micro-architectural changes in the
maternal skeleton during lactation (Brembeck et al., 2015, Bjgrnerem et al., 2017), but bone mineral
content and strength is restored. Overall, most evidence shows that lactation is not associated with
increased risk of low BMD and fragility fractures in later life (Paton et al., 2003, Specker and Binkley,

2005, Wiklund et al., 2012, Kovacs, 2017).
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2.3. HIV, ART and Bone Health

2.3.1. HIV and bone health

There is evidence that HIV infection per se may have a direct impact on bone through several
mechanisms that may increase bone resorption and decrease bone formation (Brown and
McComsey, 2006a, Walker-Bone et al., 2017). Studies conducted in predominantly Caucasian
populations have reported an increased risk of fractures among HIV-infected compared to HIV
negative persons (Torti etal., 2012, Yin et al., 2012, Guerri-Fernandez et al., 2013). However, the
majority of these studies have been conducted in HIV-infected Caucasian men who are also likely to
have a higher prevalence of traditional risk factors for osteoporosis and fractures including drug use

alcohol and smoking.

Contrary, other studies have not observed an association between HIV status and bone mineral
density in either Caucasian or African cohorts (Hamill et al., 2013, Tinago et al., 2017). In the first
study of HIV and bone in African women, Hamill et al. did not observe a significant difference in
baseline aBMD between HIV-infected (>80% of the participants were on TDF-3TC-EFV) and HIV-
negative premenopausal black South African women. The investigators concluded that the lack of
difference between the groups could have been a result of true lack of effect of HIV infection on
bone or a reflection of important differences in bone response to HIV between black South Africans

and Caucasian women (Hamill et al., 2013).

2.3.2. ART and Bone

Initiation of ART is associated with a 2-6% reduction in aBMD within the first two years regardless of
ART regimen used (Brown and Qagish, 2006b). Rapid decreases in aBMD occur between 24-48
weeks following ART initiation. After that, aBBMD does not decrease further if the same ART regimen
is maintained, but it remains lower compared to baseline (Brown et al., 2009, Brown, 2013). Lower
baseline CD4, female gender, old age, lower BMI and higher HIV viral load are associated with
greater reductions in aBMD (Grant et al., 2013). Calcium and vitamin D supplementation has been
reported to attenuate ART-related bone loss by 50% in HIV-infected American adults (90% men) with
median baseline serum 25(0OH)D of 57 (Q1-Q3: 45-77) nmol/L (Overton et al., 2015). However, some
studies have not observed reductions in BMD within the after 1-2 years of initiating ART (Dolan et
al., 2006, Bolland et al., 2012).
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It would be plausible to hypothesise that initiation of ART would be beneficial for bone health as
markers of systemic infections reduce (especially TNF-a and interleukin-6) and body mass increase,
both which are associated with decreased risk of osteoporosis (Brown, 2013). Therefore, the general
decrease in aBMD following initiation of ART is paradoxical. There is a growing school of thought
that aBMD loss observed following initiation of ART could be mediated by immune reconstitution
that occurs in persons with advanced HIV infection (Ofotokun et al., 2012, McGinty et al., 2016).
Studies of patients on established long-term ART have reported stable or increasing aBMD (Nolan et
al., 2001, Bolland et al., 2011, Bolland et al., 2012), probably due to improvement in general health
and body weight (Compston, 2016).

There is evidence that the decrease in aBMD following ART initiation is driven by increased bone
remodelling rate resulting in changes in bone microstructure (Compston, 2015). Also, there is a clear
inverse relationship between BMD and body fat in HIV- infected persons (Cotter and Mallon, 2012).
Thus, reduction in lean: fat ratio could be one of the mechanisms underlying bone loss following
initiation of ART. In, Hamill et al. observed a 10% gain in fat mass accompanied by a 2-3% decrease in
aBMD after 12 months in premenopausal black South African women initiated on ART at low CD.
(Hamill, 2013). This finding is alarming as overweight and obesity have been reported to be

associated with increased risk of lower limb fractures in Caucasian populations (Compston, 2013).

Studies with fracture endpoints have been conducted among HIV-infected persons. In a five year
longitudinal study of young HIV-positive individuals (83% men), higher rates of fractures were
observed within the first two years after initiation of ART (0.53/100 person-years) compared to
subsequent years (0.30/100 person-years) (Yin et al., 2012). Recent reviews of the literature have
concluded that HIV-infected individuals are at increased risk of fractures compared to HIV-

uninfected persons (Battalora et al., 2014c, Hoy and Young, 2016).

There is good evidence that ART itself might have a direct impact on bone. One study randomised
patients to either intermittent ART (ART was stopped or deferred at study entry, and restarted when
the CD4 T-cell count declined below 250 cells/mL and stopped again at CD4 T-cell counts above 350
cells/mL) or continuous ART (patients maintained on ART throughout the follow-up duration).
Intermittent ART was associated with stabilisation or increase in aBMD accompanied by a reduction
in markers of bone turnover compared to continuous ART but had adverse effects on the clinical
outcomes of the patients (Hoy et al., 2013). Also, the same investigators recently reported that
immediate ART (initiation of ART at CD4 >500 cells/mm?3 as per the current test and treat approach)
is associated with accelerated bone loss compared to initiation at CD4 <350 cells/mm? (Hoy et al.,

2017). However, the clinical significance of these findings is unknown because once started, ART
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needs to be used continuously to suppress opportunistic infections; and early initiation of ART is

associated with reduced risk of serious clinical outcomes (Hoy et al., 2013, Hoy et al., 2017).

The common limitation of studies on HIV and ART-associated bone loss arises from the selection of
participants, especially in control groups (Figure 9). The majority of the studies have been conducted
in Caucasian men — a group which tends to have a higher prevalence of traditional risk factors for
low BMD compared to HIV-negative controls. Also, the HIV-positive groups are likely to be on ART
which has a potential effect on aBMD. In longitudinal studies comparing ART-exposed and ART
unexposed HIV-positive persons, the ART-exposed group is more likely to have had advanced HIV
disease at baseline and/or ill health (due to ART side effects and immune reconstitution syndrome
within the first six months of ART). These conditions are independently associated with lower aBMD,
reduced physical activity, sunshine exposure and dietary intake. Thus, even with carefully designed
studies, unravelling the effects of HIV infection per se from the effects of ART on bone may not be

possible under the current test and treat approach that recommends early initiation of ART.

Figure 9: Causes of low bone mass in patients with HIV

Osteoporosis in patients with HIV results from a combination of traditional, secondary and HIV-related risk
factors. Abbreviations: NRTI, nucleoside reverse transcriptase inhibitor; PI, protease inhibitor. (Walker-Bone et
al., 2017).
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2.3.3. Effects of specific ARVs on bone

There is a consensus that some commonly used ARVs have specific adverse effects on bone through
a variety of mechanisms. AZT and 3TC are associated with enhanced formation of osteoclasts, while
both TDF and EFV (preferred first-line ARVs for PMTCT) are associated with kidney toxicities which
may interfere with the conversion of 25 (OH)D to 1,25 (OH).D (Gibellini et al., 2012).

TDF is the most studied ART with regard to potential side effects on bone metabolism. Clinical trials
have shown that TDF causes 1-2% greater reductions in BMD compared to other ARVs (Gallant et
al., 2004, Stellbrink et al., 2010), as shown in Figure 10. The adverse effects of TDF on BMD have also
been observed in a double-blind randomised trial in HIV-negative men initiated on TDF for Pre
Exposure Prophylaxis (PrEP) in the Tenofovir PrEP study in San Francisco USA (Liu et al., 2011). A
higher proportion of HIV-negative men in the TDF group experienced >5% reduction in aBMD at the
femoral neck by 24 months compared to the placebo group (13% vs 6%) in the San Francisco study.

These data provides evidence that TDF has an adverse effect on bone independent of HIV-infection.

Figure 3. Mean Percentage Change in Hip and Lumbar Spine Bone Mineral Density From Baseline to Week 144
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DF indicates disoproxil fumarate. The range of variability (SD) of percentage change in lumbar spine and hip bone mineral density was from 2.5% t0 5.2%.
Figure 10: Mean percentage change in hip and lumbar spine BMD from baseline to 144 weeks
(Gallant et al., 2004) [Reproduced with permission]

TDF-based ART has also been associated with subclinical kidney injury, a syndrome that has been
shown to enhance bone loss. Subclinical kidney injury is characterised by isolated abnormalities in
some of the markers of kidney function but without generalised clinical disease manifestation.

Kidney toxicity can result in phosphate wasting with hypophosphataemia and secondary
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hyperparathyroidism, leading to dysregulation of calcium-phosphate homeostasis and bone

demineralisation (Holick, 1996, Grigsby et al., 2010, Havens et al., 2012).

TDF-based PrEP is associated with a small decline in estimated GFR (eGFR) in HIV-negative African
men and women (Martin et al., 2014, Solomon et al., 2014, Mugwanya et al., 2015). It is not known
whether this low level of kidney injury is exacerbated in pregnant and lactating women with the

prolonged use of TDF-based ART for PMTCT and for their own health.

Higher plasma concentration of TDF have been associated with higher vitamin D binding protein,
lower 1,25-OH(2)D, lower estimated free 25- OHD, and increased parathyroid hormone (PTH) in HIV
infected persons (Gibellini et al., 2012). Although controversies remain regarding which vitamin D
assay is the most accurate, and appropriate in different populations (Havens et al., 2013, Aloia et al.,
2015, Denburg et al., 2016, Henderson et al., 2016, Nielson et al., 2016a, Nielson et al., 2016b) these
associations suggest that TDF exposure can cause functional vitamin D deficiency (Havens et al.,
2012, Havens et al., 2013).

Based on the consensus that TDF is associated with accelerated bone loss, several studies are
exploring alternative first-line drugs including Abacavir (ABC), Raltegravir (RTG) and Dolutegravir
(DTG). Switch studies have reported that RTG and DTG may have minimal adverse effects on renal
function and bone metabolism compared to TDF (Battalora et al., 2014a, Brown et al., 2014,
Yazdanpanah et al., 2014, Tebas et al., 2015, McComsey et al., 2017). Also, phase two and three
clinical trials of an investigational prodrug of Tenofovir, known as Tenofovir Alafenamide Fumarate
(TAF) have reported improved renal and bone loss compared to TDF (Mills et al., Sax et al., 2014,
Postetal., 2017). These studies hold promise for maintaining bone health among people on ART.
However, these new drugs are expensive and generic versions are not yet available. Except for
Botswana which has rolled out DTG for all pregnant and breastfeeding women, the newer drugs are
not yet used as first-line ART in sub-Saharan Africa. For now, TDF/3TC/EFV is still the affordable and
preferred first-line regimen recommended by WHO for adults, including pregnant and lactating

women.
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2.3.4. HIV, ART and bone in women

Overall, women are under-represented in HIV and bone studies although they have a higher lifetime
risk of fractures compared to men. The few studies conducted in HIV-infected ART naive women
excluded pregnant and breastfeeding women. Therefore, changes in aBMD were not studied in HIV-
infected ART naive pregnant and breastfeeding in either Caucasian or African populations. Such
studies have now been overtaken by advancements in ART for PMTCT making it unethical to conduct
longitudinal studies in ART naive HIV-infected pregnhant/or breastfeeding women. Thus, it is more

difficult to tease out effects of HIV and ART under the current guidelines.

Dolan et al. reported lower lumbar spine and total hip aBMD in premenopausal HIV-infected women
compared HIV negative controls (54% vs 30%, p=0.004) in a cross-sectional study (Dolan et al., 2004).
In a longitudinal study, BMD was lower in HIV-infected premanopausal women before ART
compared to HIV negative counterparts (Dolan et al., 2006). The rates of change in aBMD were not
significantly different between HIV-infected and negative women. However, BMD remained lower in
HIV-infected women over two years of follow-up and was associated with lower weight, lean mass,
duration of HIV, smoking, reduced androgen levels, abnormal menstrual function and increased

bone turnover (Dolan et al., 2007).

A review of studies published on ART-related bone loss among women (between 1987 and 2009)
identified a >3% difference in BMD at the femoral neck among women on ART/PI based regimens
(Carvalho et al., 2010). Other studies have also reported an association between HIV status and
BMD, suggesting a possible effect of HIV-infection on aBMD in both postmenopausal (Yin et al.,
2005, Sharma et al., 2011) and premenopausal women (Arnsten et al., 2006). However, none of
these studies was conducted in African women. Since, a few studies have been published on
HIV/ART-associated bone loss in premenopausal, non-pregnant and non-lactating women in Africa.

These are reviewed briefly below.

In a longitudinal study using DXA in urban black South African women of pre-menopausal age,
women initiated on ART at low CD4 had 2-3% significant decreases in aBMD at the lumbar spine and
the femoral neck consistent with increased bone turnover. No significant changes aBMD were
observed in HIV-infected ART naive women with preserved CD.. Both HIV-status and ART exposure
were not associated with vitamin D status, serum phosphate concentrations or renal phosphate
handling (Hamill et al., 2017). To date, this is the only published study that has used DXA to
investigate changes in aBMD following initiation of ART in premenopausal HIV-infected African

women, who were neither pregnant nor lactating.
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Greater loss in BMD has also been reported among young HIV-negative African women receiving
oral TDF for HIV pre-exposure prophylaxis (PREP) in Zimbabwe and Uganda, compared to the
placebo group. Women TDF/FTC had a 1.4% lower mean percent change in lumbar spine BMD after
48 weeks compared to the placebo group. Changes in aBMD from the end of active treatment to 48
weeks were also significantly greater in the PrEP arm compared to the placebo with a net difference

of approximately +0.9% at the LS (P = 0.007) and +0.7% (P = 0.003) at the TH (Mirembe et al., 2016).

A cross-sectional study conducted in Senegal (66% women) using QUS reported low bone mineral
among HIV-infected persons compared to negative controls but higher bone mineral in HIV-infected
women compared to HIV-infected men (Cournil et al., 2012). BMI accounted for the observed
differences between men and women, and also between infected and negative persons. Although
the study by Cournil et al. contributes to the literature on bone health in HIV-positive African
women, it had limitations in its cross-sectional design and lack of DXA data for direct measurements

of aBMD.

Only two studies have been published to date on postpartum changes in bone mineral in HIV-
infected women on ART. Mora et al. reported no adverse effects of maternal ARVs during pregnancy
on cortical bone measured by ultrasound at four days and 12 months postpartum in Italian women,
and concluded that ARVs during pregnancy do not affect cortical bone (Mora et al., 2013). This
finding could be explained partly by existing evidence that most changes in bone mineral during
pregnancy and lactation occur in areas rich in trabecular bone commonly the femoral neck and
lumbar spine compared to sites rich in cortical bone (Olausson et al., 2012). The main limitation of
Mora et al.’s study was that it used ultrasound and so did not have actual measures of BMD or BMC.
Also, HIV-infected women were underrepresented in the study (33 vs 116 HIV-negative controls),
had a shorter duration of exposure to ART (only 14 weeks during pregnancy), and never breastfeed.

Thus, ART practice is different to that in sub-saharan Africa.

Preliminary results of the PROMISE study (P1084s) were presented at the 2016 AIDS conference in
Durban, South Africa. Stanix-Chibanda et al. reported -3.14% (-4.44, -1.84, p<0.001) and -2.66% (-
3.24,-1.42, p<0.001) mean difference in LS aBMD at 74 weeks of lactation among HIV infected women
initiated on ART within the first 2 weeks postpartum (Option B) compared to HIV-infected women
without exposure to ART (infant prophylaxis arm - Option A). HIV-infected women had 2.1% and 5.3%
decreases in LS and total hip aBMD, respectively at 74 weeks of lactation (Stranix-Chibanda and
PROMISE-team, 2016). This study did not have a control group of HIV-negative women, and the
preliminary analysis did not investigate the recovery of bone mineral. A follow-up study (PROMOTE)
is ongoing to investigate the longer term implications of these findings (Stranix-Chibanda, personal

communication).
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2.4. Maternal HIV/ART exposure, infant bone health and growth

2.4.1. Effect of HIV-infection/ ART on infant growth

Studies conducted in both developed and developing countries have reported poor growth
outcomes among infants born to HIV-infected mothers (exposed non-infected infants) compared to
infants of HIV-negative mothers (Makasa et al., 2007, Fadnes et al., 2009, Nielsen-Saines et al., 2012,
Lartey et al., 2014, Ramokolo et al., 2014). Birth weight, maternal viral load and early infant HIV
infection have all been associated with the growth of exposed infants in Uganda and South Africa
(Venkatesh et al., 2010, Muhangi et al., 2013a, Ramokolo et al., 2014). Also, HIV-exposed infants are
more likely to be born premature, small-for-gestation age compared to HIV-unexposed infants
(Marinda et al., 2007).

However, most of these studies are cross-sectional hence cannot prove causality. They also lack
control groups of HIV-negative women making it difficult to determine if the high risk of poor growth
results from HIV or from other aspects of poverty (Filteau, 2009). Maternal HIV infection may have a
direct impact on child growth especially in women with advanced HIV disease (high HIV viral load).
However, this could be confounded by a higher prevalence of other factors which directly impacts
on child growth such infant feeding practices, maternal education, illness and access to medical
care, low socioeconomic status among others. In Uganda, a higher prevalence of poor infant feeding
practices, lower maternal education and socio-economic status have also been associated with poor

infant growth (Fadnes et al., 2009, Engebretsen et al., 2010, Evans et al., 2016).

In a case-control study among Zimbabwean children in the pre-maternal ART era, Prendergast et al.
observed lower maternal IGF-1 among HIV-positive compared to HIV-negative women, and these
were associated with stunting in the offspring. Also, markers of inflammation were higher among
HIV-exposed infants compared to unexposed infants and were associated with lower IGF-I
throughout infancy (Prendergast et al., 2014). Human cytomegalovirus (CMV) infection is also
associated with poor growth among HIV-exposed infants (Gompels et al., 2012). Altered maternal
microbiome and differences in breast milk oligosaccharides have also been observed in HIV-infected
compared to uninfected mothers, and these may contribute to compromised growth among HIV-
exposed infants (Van Niekerk et al., 2014, Bender et al., 2016, Monaco et al., 2016). The question of
whether maternal HIV infection per se has a direct impact on infant growth is not likely to be
addressed in longitudinal studies because it is now unethical to study HIV-infected pregnant or

breastfeeding women who are not on ART.
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Besides the traditional determinants of growth in children, there are growing concerns that maternal
ART exposure during pregnancy and breastfeeding may negatively affect infant growth. This is
because ARVs are transferred to the offspring through the placenta and breast milk, and there is also
increasing literature on the possible adverse effect of ART/TDF on the bone as discussed in section
2.5.3. Furthermore, animal studies have reported adverse effects of TDF exposure during gestation
on fetal bone mineralisation in gravid monkeys, although at higher doses of TDF compared to those
currently used in humans; and the effects of TDF on bone were dose-dependent (Tarantal et al.,
1999, Tarantal et al., 2002).

To date, human studies have reported conflicting evidence on TDF exposure during pregnancy on
infant growth outcomes. Sibbery et al. reported small but significantly lower height (HAZ) and head
circumference (HCAZ) at 12 months of age which were not detected at birth, following in-utero TDF
exposure in the USA-based Paediatric HIV/AIDS Cohort Study (PHACS) (Siberry et al., 2012). This was
the first study to report a possible adverse effect of maternal TDF exposure on infant growth and has
been widely cited. However, the study had high rates of attrition so less than a third of the study
participants were included in the 12 months analysis which may have introduced selection bias and

measurment of potential confoudders was limited (Kuhn and Bulterys, 2012).

On the contrary, Gibb et al. reported no long-term effect of in-utero maternal TDF exposure on
growth within the first 5 years of life in African children within the multicentre DART (The
Development of AntiRetroviral Therapy in Africa) trial conducted in Uganda and Zimbabwe. Ugandan
children with >90% in-utero exposure to TDF had higher HAZ within the first 12 months compared to
infants without TDF exposure, but WAZ was not significantly different between the groups. The
authors also observed that Ugandan children with and without exposure to TDF were significantly
lower HAZ at 1.5 and three years of age compared to WHO standards. The authors reported that
attained Z-scores were similar to those predicted from a population of healthy children in South-
West Uganda (Gibb et al., 2012). The limitations of this study are discussed in section 9.1. The
difference in growth between Ugandan and Zimbabwean children observed by Gibb et al.
demonstrates difficulties in assessing ‘normal’ growth in children across populations and

underscores the need for control groups recruited from the same setting.

Overall, the majority of published studies on growth of HIV-exposed infants lacked a reference
population of HIV/ART-unexposed children (Filteau, 2009), so evidence is limited on whether the
observed deviations in linear growth are comparable to those of HIV/ART unexposed children in the
same setting. Recently, Aizire et al. reported that Ugandan HEI in the maternal ART arm in the
PROMISE study had significantly lower anthropometric mean Z-scores (weight, length and head

circumference) compared to unexposed infants at 12 and 24 months. However, these differences
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were not observed in Malawian infants (Aizire et al., 2016). Differences in breastfeeding practices
and other environmental factors might account for the differences in growth trajectories of Ugandan
HIV-exposed infants compared to Zimbabwean and Malawian infants. However, this needs further
investigation. Overall, data are inconsistent on the potential effects of both antepartum and

postnatal exposure to maternal ART on infant growth.

2.4.2. Effect of maternal ART on infant bone mineral accrual

A cross-sectional analysis within the Pediatric HIV/AIDS Cohort Study (PHACS) reported lower new-
born BMC among infants with in-utero maternal TDF exposure, and the low BMC persisted after
adjusting for infant body weight and length weight (Siberry et al., 2015, Siberry and Jacobson, 2016).
More recently, Siberry et al. reported lower bone mineral at two weeks of age among African HIV-
exposed infants on PMTCT Option B compared to Option A. These are initial data from the PROMISE
P1084s study which followed mother-infant pairs up to 78 weeks of lactation. To date, these are the
first studies which have reported differences in new-born BMC measured by DXA following maternal
TDF exposure. However, these studies are cross-sectional. There are no published data on bone

mineral among maternal HIV/ART-exposed infants beyond the neonatal period.

Overall, data are limited on the effects of maternal ART on bone mineral among HIV-exposed
children with long-term exposure through breastfeeding. Consequently, more evidence collected
prospectively is needed using DXA ideally with HIV/ART unexposed control groups and adjusted for

infant feeding practices.

2.4.3. Effect of maternal HIV/ART exposure on lactation

Mastitis is the most common breast condition in breastfeeding mothers and is associated with poor
infant growth. Mastitis is an inflammatory condition of the breast, which may or may not be
accompanied by infection (WHO 2000). The condition is usually associated with lactation, causing a
woman's breast tissue to become tender, painful and inflamed, sometimes the condition may
progress to a local abscess. Matitis is commonly caused by milk stasis when milk is not removed
from the breast efficiently, but infection may also be the primary cause (WHO, 2000). Milk stasis
may occur soon after delivery when the breasts are engorged, or at any time when the infant does
not remove the milk that is produced from part or the entire breast (WHO, 2000). Mastitisis a
major cause of the reduction in milk production and, according to WHO, it is cited by approximately
a quarter of mothers as the main reason for stopping breastfeeding (WHO, 2000). Subclinical
mastitis (SCM) is defined by raised milk sodium/potassium (Na/K) ratio (>1.0) in one or both breasts,
due to increased leakage of blood components into breast milk (McGregor et al., 1985). In SCM

there is no breast tenderness, but there is a reduction in milk output.
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Mastitis can affect either one (unilateral) or both breasts (bilateral), although unilateral mastitis is
more common due to breast preference. A greater burden of mastitis and sub-clinical mastitis has
been reported in breastfeeding HIV-infected women in the pre-ART era, and both conditions are
associated with poor infant growth (Kasonka et al., 2006, Makasa et al., 2007, Aryeetey et al., 2008).
Also, breast milk HIV viral load is increased in SCM, hence associated with increased risk of mother
to child transmission of HIV (Semba et al., 1999a, Willumsen et al., 2003). The majority of studies on
mastitis in the context of HIV have been conducted in Southern Africa (Semba et al., 1999a, Semba
etal., 1999b, Willumsen et al., 2003, Kasonka et al., 2006). In some of these studies, a higher
prevalence of both bilateral and unilateral SCM within 16 weeks postpartum was reported in HIV-
infected women compared to their negative peers. Poor maternal and infant health was associated
with SCM and also with earlier cessation of breastfeeding within the first six months (Kasonka et al.,
2006).

In another study, breast milk sodium concentrations fell after 12 weeks of treatment of subclinical
mastitis using antibiotics but remained higher compared to the uninfected breast in HIV-infected
women. In the same study, women were advised not to breastfeed but to express and discard the
breast milk periodically. Antibiotics did not have a significant effect on the breastmilk HIV-viral load,
so the study recommended evaluation of clinical monitoring protocols and advice on breastfeeding
given to HIV-infected women with mastitis (Nussenblatt et al., 2006). This study was conducted
before the roll-out of ART for pregnant and breastfeeding women. Hence, the evidence is limited on
SCM and risk of MTCT among HIV-infected women on lifelong ART under the current PMTCT Option
B-plus.

A study conducted in Tanzania investigated the impact of nevirapine and subclinical mastitis HIV viral
load in maternal plasma and breast milk following a single-dose of nevirapine (NVP) given during
labour (combined with either 1- week tail of Combivir (zidovudine/lamivudine) or single-dose
Truvada (tenofovir/emtricitabine). Subclinical mastitis was detected in 67% of the women at
anytime within the first 6 weeks postpartum, and in 38% of the breastmilk samples. Breastmilk with
sub-clinical mastitis had higher HIV viral load (Salado-Rasmussen et al., 2015). These data are
consistent with studies conducted in Zambia that have reported a high prevalence of sub-clinical
mastitis in early lactation. However, it lacked a control group of HIV-negative women for comparison
and ARVs were offered for a short duration (PMTCT Option A). Hence, it is not known whether
maternal triple ART reduces the prevalence of mastitis in HIV-infected women on the current PMTCT

Option B+.
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WHO recommends skin —to-skin contact and early initiation of breastfeeding (within the first one
hour after delivery) because it stimulates breastmilk production (lactogenesis I1), increases the
likelihood of exclusive breastfeeding for the first four months of life and also the overall duration

of breastfeeding (WHO, 2017a). In a study of 425 Ghanaian women, HIV-negative status was
associated with early onset of lactogenesis Il compared to unknown or HIV-positive status, based on
self-reports, suggesting a possible effect of HIV status on the onset of lactation. In turn, delayed
lactogenesis Il was associated with infant weight changes within the first two weeks (Otoo et al.,
2010). Contrary, Kasonka et al. did not observe delayed lactation in HIV-infected Zambian women:
only one woman reported delayed lactation following delivery by C-section (Kasonka et al., 2006).
The study by Otoo et al. did not provide information on postanatal practices like skin-to skin contact
which play a critical role in stimulating breastmilk production. Also, infant breastmilk intake was
measured by test weighing technique which might disrupt breastfeeding. Overall, early studies
published on breast milk output in the context of HIV were conducted in the pre-ART era (Kasonka et
al., 2006, Aryeetey et al., 2008).

Drugs ingested by the mother can also affect initiation of lactation, milk secretion, impair milk
ejection, diminish milk volume, and alter milk composition (Neville et al., 2012). Thus, recent studies
using Deuterium dilution methods in African women have investigated breastmilk output in HIV-
positive and ART compared to HIV-negative women. A cross-sectional study conducted in Kenya
reported higher rates of exclusive breastfeeding in HIV infected women compared to HIV-negative
women, but there were no significant differences in breastmilk output. However, HIV-exposed
infants had significantly lower fat mass compared to HIV-unexposed infants (Oiye et al., 2017).
Longitudinal data from South Africa shows that HIV-infected women on ART are able to produce
adequate breastmilk throughout the first year of lactation without compromising their fat stores. In
the same study, infants who were exclusively breastfed for the first 6 months had higher fat-free
mass 12 months of age compared to non-exclusively breastfed infants (Mulol and Coutsoudis, 2017).
Taken together, these data support the current WHO breastfeeding recommendations for HIV-
infected women (WHO, 2016b).
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2.5. Summary of literature

Pregnancy, lactation HIV-infection and ART are independently associated with reductions in bone
mineral, but data are limited on whether these decreases are additive among HIV-infected women.
The majority of the studies on HIV/ART-associated bone loss have been conducted in men and

pregnant, and breastfeeding women were excluded from the few studies conducted in women.

There is also limited and conflicting evidence on both long and short-term effects of maternal HIV/
ART especially TDF on infant outcomes. The majority of the studies on infant outcomes following
ART/TDF exposure have only looked at growth indices and lacked measurements of bone mineral.
Siberry et al. have reported lower infant bone mineral in both American and African children
following in-utero exposure to TDF, but the mechanisms and clinical relevance are still unclear. Thus

more longitudinal studies with DXA measurements are needed.

Delayed onset of lactation and mastitis are associated with reduced maternal breast milk output and
poor infant growth. Further evidence from cross-sectional studies suggests that HIV- infected
women experience delayed onset of lactation and/or are at increased susceptibility to sub-clinical
mastitis. However, the evidence is not sufficient to conclude that HIV-infection compromises
lactation capability as lactation performance is affected by various factors which need to be
controlled for. In addition, it is unknown whether the current ART drugs affect lactation.
Consequently, more longitudinal studies involving assessment of infant breast milk intake using
stable isotope technique, infant growth assessment, breastfeeding practices and subclinical mastitis

will significantly contribute to the knowledge base and inform the design of interventions.

In conclusion, “Additional research is needed on the safety and acceptability of lifelong ART for
pregnant and breastfeeding women, and their infants, especially in low resource settings, where
malnutrition and comorbidities are more common than in resource-rich countries and monitoring
capacity is limited......better data are needed on mothers’ health outcomes, pregnancy outcomes
(such as stillbirth, low birth weight and prematurity) birth defects and health outcomes for infants

and young children” (WHO, 2013).

Therefore, more longitudinal studies using DXA are needed to understand better whether HIV-
infected women on ART experience greater and/or longer-term postpartum reductions in BMD,
especially in sub-Saharan-Africa where extended breastfeeding is recommended for HIV-infected
women. In such studies, adjustments for breastfeeding (duration and infant breastmilk intake
measured by deuterium dilution method) and dietary intake will provide better evidence when

comparing HIV-infected and HIV-negative mothers in resource limited settings.
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CHAPTER 3: STUDY DESIGN AND SETTING

3.1. Study conceptual framework

Q Background: Pregnancy (PG) and lactation (L) are associated with physiological decreases in bone mineral density (BMD), but most
evidence shows that BMD is recovered after cessation of breastfeeding. Initiation of antiretroviral therapy (ART) in HIV-positive
adults is associated with a 2-6% decrease in BMD, but data are limited in pregnant and lactating mothers.

O Hypothesis: HIV/ART/TDF may accentuate the normal process of bone mobilisation during pregnancy and lactation, leading to bone
loss that is not recovered in the mother and/or compromised infant growth and bone mineral accretion.

Q Objectives: To investigate the effect of HIV/ART/TDF on maternal BMD in the context of pregnancy and lactation.

Q Primary outcome: Changes in maternal bone mineral density during lactation in HIV-positive vs. HIV-negative Ugandan mothers

O Secondary outcomes: Maternal bone turnover markers, calciotropic hormones, markers of Ca and phosphate metabolism in plasma
and urine, markers of renal function and mineral handling, breastmilk mineral composition, and infant growth and bone mineral

The figure below presents the conceptual framework for the Gumba study

Bone mineral density (BMD) Potential
PG&L: +1.8% to -4.5% change at hip & spine. confounders
ART: | 2-6% at hip & spine regardless of ART regimen
TDF: & 1-2% over non-TDF-based ART regimens
Excluded from the
v T study
Bone turnover markers (CTX, PLNP & BAP) = Multiple foetuses
PG&L: Tbone resorption & formation e.g. twins
ART: early 1Nin resorption & del_ayed Nin form‘at'ion = Use of steroids &
Pregr_lancy and TDF: 4 for both bone formation and resorption glucocorticoids
lactation (PG&L) )
* f = Other medical
Physiological Calciotropic hormones (PTH, PTHrP & 1,25D) conditions which
changes in maternal PG: { <> PTH, MPTHrP, 125D; <3mo-L: {,PTH, TPTHrP, affect bone and
bone mineral 11,25D; >3mo-L: MPTH, J PTHrP, 11,25D renal function
HIV/ART/TDF: 4¢> PTH, ? PTHIP, |, ¢>25D, {.1,25D
* ) Adjusted for in
+ statistical models
Serum 25 vitamin D (25D)
PG: 1N25D; L: {,25D; HIV/ART/TDF: { ¢>25D = Maternal age
= Parity
T = Gestation age
Markers of renal function & mineral handling N = Sex of infant
PG: P eGFR, \, <>TmP/GFR, P ¢>TmCa/GFR \ = Breastfeeding
L: I ¢> PeGFR, L <TmP/GFR, 1M ¢>TmCa/GFR " |‘ practices
\ HIV/ART/TDF: | ¢> eGFR, | ¢>TmP/GFR, <>TmCa/GFR I‘. = Resumption of
‘\‘ I 'i menses
‘\ Plasma (P) and urine (U) Ca and PO, metabolism E / = Use of.dgpo?
PG& L: {,P-Ca, L U-Ca/Cr, P-PO, 1 theny, in late L, ey provera injection
N U-POL/Cr; HIV/ART/TDF: {4 P-Ca, {, ¢>U-Ca/Cr, | = History of illness
N3P0y, I U-POL/Cr i
\ P i Data collected
\ 1 )
) v ! <” . .
Breastmilk calcium and phosphorus concentrations = Dietary intake
HIV/ART/TDF: No data = Use of Caand vit D
R | supplements
1 = Sunshine exposure
Breastmilk Na, K & Na/K (subclinical mastitis, SCM) = Physical activity
HIV: 1 prevalence of SCM in HIV+ compared to HIV-
ART/TDF: limited data on prevalence of SCM Data not collected
v
Fetal and infant bone mineral accretion and growth < ' Infant breastmilk
Exposure to maternal HIV/ART/TDF: limited data on bone |, intake
mineral in infants beyond the neonatal period

Key:
— Known physiological effect of PG & L supported by evidence reviewed in section 2.2 and other literature on PG&L and bone.
— Known physiological effect of HIV/ART/TDF supported by evidence reviewed in section 2. 3 & other literature on ART/TDF & bone
—» Known physiological relationship supported by evidence from studies on bone metabolism, and studies reviewed in section 2.4
----- ¥ Relationship unknown, but biologically plausible.

Figure 11: Study conceptual framework
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3.2. Study design and protocol

Gumba is a longitudinal observational cohort study with two groups of women and their infants
namely: (1) HIV-positive pregnant women initiated on first-line ART under Option B-plus during the
current pregnancy, previously ART naive (HIV-positive), and (2) HIV-negative pregnant women who
had never been on ART (HIV-negative). The study objectives are presented in section 1.4.3. The

conceptual framework is presented in figure 11.

Pregnant women were recruited at < 34 weeks of gestation so that HIV-infected women had been
on ART for 24-48 weeks by 14 weeks postpartum (assumed EDD at 40 weeks). This recruitment

window was informed by literature that indicated (1) rapid declines in BMD are observed between
24 and 48 weeks after initiation of ART (2) there is minimal mobilisation of maternal bone mineral

during the first and second trimesters of pregnancy.

Pregnant women were followed antepartum. Thereafter, mother-baby pairs were followed
postpartum. The overall follow-up period for each participant was about 6 months depending on
gestation age at enrollment. The first study visit was scheduled at around 36 weeks of gestation
based on a routine obstetric ultrasound scan. Mother-baby pairs were followed at 2 and 14 weeks
postpartum. The primary endpoint for the PhD work was 14 weeks postpartum (Figure 12 presents
the study flow chart). Investigations for mother-baby pairs at each study visit are summarised in
Tables 2 and and 3, respectively. The scientific rationale and a comprehensive risk assessment for
the procedures were detailed in the study protocol that was approved by the relevant research

ethics and governing institutions in Uganda.

Screening

and
Recruitment

36+2 weeks
>| of gestation
(PG36)
2+0.5 weeks
>| postpartum
(PP2)
14+2 weeks
>| postpartum
(PP14)

Figure 12: Study flow chart
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Table 2: Summary of investigations for mothers at each study visit

Study visit PG36 PP2 PP14
Investigation
Biological samples
= Overnight fasted blood (20 ml) v X v
=  Red blood cell pellets (1ml) v X v
= 2hr-fasted urine (20 ml) v v v
= Breast milk (10 ml) X v v
DXA
= Lumbar spine X v v
= Hip X v v
= Whole body X \ \
Questionnaires
= Socioeconomic status \ v v
= Medical history \ \ \
= Dietary intake, \ \ \
= Sunshine exposure v v v
= Physical activity
Anthropometry
= Weight v v v
=  Height v v v
= Mid-upper-arm circumference (MUAC) v v v
V = scheduled; X =Not scheduled
Table 3: Summary of investigations for infants at each study visit
Study visit Birtht PP2 PP14
Investigation
Biological samples
= Blood (2 ml-spot sample) X X \
DXA
= Whole body X \ \
= Lumbar Spine X 3 v
Questionnaires
= Medical history X \ \
=  Breastfeeding X v v
e  Sunshine exposure X v v
Anthropometry?
= Weight V3 v v
= Length X v v
= Head circumference X \ \

V = scheduled; X =Not scheduled

1 Information on birth weight was obtained retrospectively at PP2 from maternity discharge forms and/or self-reports from mothers.
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3.3. Sample size

The estimated sample size for this study was 200 pregnant women (100 HIV-infected ART-naive and

100 HIV-negative pregnant women (controls). This was calculated as detailed below in consultation

with Dr Jianhua Wu (a statistician at HNR) and Dr Kate Ward (Senior Investigator Scientist, Nutrition

and Bone Health (NBH) research group at MRC HNR/EWL).

Assumptions primary outcome 1 (Minimum sample size 128 women, 64 per group)

Considering the independent effects of lactation and ART on bone, we anticipated at least a 2%
difference between the groups in mean % change in maternal BMD at the lumbar spine between
2 and 14 weeks postpartum. The 2% difference was based on studies reviewed (sections 2.5.2
and 2.5.4)

The response within each group is normally distributed with a standard deviation (SD) of 4%
based on evidence from previous pregnancy and lactation studies conducted by the NBH group
(Olausson et al., 2008, Jarjou et al., 2010). We did not anticipate significant differences between
the groups due to independent effects of preghancy, lactation, and ageing.

Thus with a 2% mean difference between the groups in change in aBMD between PP2 and PP14,
and a standard deviation of 4%, we needed to study at least 63 ART-exposed women and 63 HIV-
negative women to be able to reject the null hypothesis that the population means of ART-
exposed and ART groups are equal with power of 80%. The Type | error assumed was 0.05 (two-
tailed). Calculation of sample size was done in OpenEpi software version 3.0 updated 06-April-

2013 (Output presented in Figure 13; http://www.openepi.com/Menu/OE_Menu.htm)

Sample Size For Comparing Two Means

Input Data

Confidence Interval (2-sided) 95%
Power 80%
Ratio of sample size (Group 2/Group 1) 1

Group 1 Group 2Difference*
Mean 2
Standard deviation 4 4
Variance 16 16
Sample size of Group 1 63
Sample size of Group 2 63
Total sample size 126

*Difference between the means

Results from OpenEpi, Version 3, open source calculator--SSMean

Figure 13: OpenEpi output for sample size calculation
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Assumptions for final sample size (200 pregnant women, 100 per group)

i.  The following statistics from UDHS 2011 data for Kampala were used to make further
assumptions regarding drop-outs from the study: maternal mortality (438/100,000 live
births), infant mortality ( 47/1,000 live births); fertility rate (212/1,000women aged 15-49
years)

ii. A 3% rate of congenital abnormalities and 10% attrition rate have been reported in a study
previously conducted in Kampala (Gibb et al., 2012) , which translates into 17 mother-baby
pairs.

iii.  We further anticipated infant deaths, successive pregnancies, the likelihood of missed visits,
and challenges in acquiring DXA scans in infants.

iv.  Thus, we concluded that to answer the main objectives with adequate power at 14 weeks;
we needed to recruit 200 pregnant women for at least 126 mother-baby pairs to complete

all study procedures at 14 weeks postpartum (PP14).

3.4. Study setting

3.4.1. Study Collaborators in Uganda

This study was undertaken under a new research collaboration between MRC Elsie Widdowson
Laboratory (EWL), (formerly known as MRC Human Nutrition Research, HNR), Baylor College of
Medicine Children’s Foundation Uganda (Baylor-Uganda) and Makerere University Johns Hopkins
University Research Collaboration (MUJHU). A collaborative agreement was drawn up by the MRC
contracts team in Cambridge and signed by all the collaborating institutions, and MRC was the
overall legal sponsor for the study. Gumba study was funded by the NBH group at MRC EWL/HNR. All
the collaborating institutions in Uganda operate on internationally acceptable policies that
encourage the ethical conduct of research to ensure adequate protection of human subjects. They
also have both technical and infrastructural capacity to carry out observational and intervention

research with both local and international research collaborations (including MRC UK).

The fieldwork for this study was carried out in Kampala, Uganda within the Mulago National
Teaching and Referral Hospital complex in collaboration with the Department of Obstetrics and
Gynaecology. The hospital has a bed capacity of 1500 and has a directorate of obstetrics and
gynaecology that runs two antenatal clinics and a maternity ward that conducts about 80 deliveries

per day. The hospital complex also has several clinics and institutions offering specialised HIV care
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services by the hospital itself, Makerere University and other organisations, including Baylor-Uganda
and MUJHU.

Baylor Uganda operates the Children’s HIV Clinical Center of Excellence (COE) and also doubles as
the hospital’s Pediatric Infectious Diseases Clinic. The COE offers comprehensive HIV services using a
family-centred approach to over 6,000 children and their parents/caretakers, and is affiliated to
Baylor International Pediatric AIDS Initiative (BIPAI) - a global partnership working to expand access
to pediatric HIV/AIDS services in 11 countries within Africa, North America and Eastern Europe.
Baylor Uganda COE has been involved in international multicentre clinical trials on paediatric ART
and currently has among the largest paediatric HIV cohort studies. Prior to my PhD, | worked as a
nutrition officer and later managed the nutrition programme at Baylor-Uganda. My position involved
providing technical assistance to 23 districts and about 400 government health facilities on the
integration of nutrition into HIV-care services. More information about Baylor-Uganda is available at

http://www.baylor-uganda.org/

Figure 14: Baylor-Uganda COE at Mulago hospital, courtesy of Baylor-Uganda

Photo credit: Baylor-Uganda [used with permission]

MUJHU is a research-focused institution located less than 500 metres from Baylor-Uganda COE. Their
research is focused primarily on reducing mother-to-child transmission (MTCT) of HIV, and over 7000
families have participated in their research studies and programs over the years. MUJHU is part of
various international research networks including Improving Maternal Pediatric Adolescent AIDS

Clinical Trials Network (IMPAACT) and Microbicides Trials Network (MTN).

MUJHU has participated in landmark multi-centre clinical trials that have contributed to the evolution
of WHO PMTCT guidelines. The centre has two Dual Energy X-ray Absorptiometry (DXA) machines
(Hologic models) and recently participated in the PROMISE (Promoting Maternal and Infant Survival

Everywhere) and VOICE (Vaginal and Oral Interventions to Control the Epidemic) studies. PROMISE
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1048s investigated the effects of maternal TDF exposure on maternal and infant bone while VOICE

investigated the effect of TDF contain PreP on bone mineral among women of reproductive age. These

studies are discussed later in sections 9.1, 9.2.1 and 9.2.6). More information about MUJHU is

available at http://www.mujhu.org/

Figure 15: The main MUJHU building at Mulago Hospital. Courtesy of MUJHU
Photo credit: MUJHU Care Ltd [used with permission]

The laboratories at MUJHU and Baylor-Uganda are fully accredited by the College of American

Pathologists (CAP), can process samples for routine investigations and HIV clinical monitoring, have

experience with processing and shipping research samples for analysis at international laboratories

and are equipped with Thermo Scientific -80°C freezers. However, they did not have the capacity to

conduct specialist assays for bone metabolism and breast milk composition. Therefore, blood and

urine samples for Gumba study were shipped for analysis at EWL in Cambridge, UK.

Front row, left to Right: Dr Dorothy Sebikari
(chairperson MUJHU radiation committee), Dr
Adeodata Kekitiinwa (Executive Director Baylor-
Uganda, consultant study co-Pl), Prof Ann
Prentice (Director MRC HNR/EWL, study co-PI).

Back row, left to right: Prof Josaphat Byamugisha
(Director Mulago hospital and Makerere
University Dept. of Obs. & Gynae., study co-Pl), Dr
Vincent Tukei (Manager Research, Baylor-
Uganda), Dr Jacqueline Balungi (Manager, Baylor
COE clinic), Prof Mary Glenn Fowler (Executive
Director MUJHU, study consultant co-Pl), Dr Gail
Goldberg (Senior Investigator Scientist at MRC
HNR/EWL, Study co-Pl and PhD supervisor),
Florence Nabwire (PhD student MRC HNR/EWL
and The University of Cambridge, study co-PI).

Figure 16: Gumba study collaborators at Baylor COE, Kampala on 14th August 2014.

Photo credit: Baylor-Uganda communications team [used with permission]
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3.4.2. Overview of Mulago Hospital antenatal and PMTCT programmes

3.4.2.1. Antenatal programme

At the time of conducting fieldwork for the Gumba study, Mulago Hospital Department of Obstetrics
and Gynaecology managed two antenatal clinics (ANCs): Upper Mulago and new Mulago antenatal
clinics (ANC). The Upper Mulago was the main outpatient ANC for the hospital. It was managed by
midwives and mainly served women with uncomplicated pregnancies. New Mulago ANC was
managed by medical doctors and specialists. It served pregnant women with medical complications
and non-pregnant women with gynaecological problems. The two clinics were merged during the
study due to renovations in the new Mulago wing. Together, the ANC, gynaecology and obstetrics
clinics had an attendance of about 500 women per day. The maternity conducted about 80 deliveries
per day. The ANC clinics and maternity were located to Kawempe health centre level four in 2016

(after I completed data collection) to pave the way for renovations at the hospital.

Figure 17: Upper Mulago ANC waiting area

Photo credit: Florence Nabwire

The midwives conducted routine procedures including anthropometry, BP measurements and
palpation in all pregnant women. The national ANC schedule recommended a minimum of four
antenatal visits scheduled at 10-20, 20-28, 28-36 and > 36 weeks of gestation. According to the
prevailing national standard of care, routine laboratory investigations which include syphilis (TPHA),

Haemoglobin levels (Hb) and urinalysis were recommended at the first ANC visit (MOH-Uganda,
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2012c¢, MOH-Uganda, 2012a). However, supplies were inadequate and often out of stock hence
routine laboratory investigations were not offered to all women — priority was given to those who
presented with complications when supplies were available. Referrals to private laboratories were
made when the supplies were out of stock. At least one routine ultrasound scan was indicated
during pregnancy. The hospital had an obstetric ultrasound facilities at new Mulago ward 5B and a
subsidised fee of UGX 10,000/= was charged. However, the majority of women could not afford the

scans, so referrals were done for women with complications.
3.4.2.2. PMTCT programme

PMTCT services were integrated with the routine ANC services. HIV testing and treatment services
were offered at Upper Mulago ANC under the PMTCT program managed by MUJHU. HIV testing was
mandatory for all pregnant women and their partners at the first ANC visit, in line with the national
guidelines. Women who were not accompanied by their partners at first were encouraged to bring
them for an HIV-test at the next visit. HIV-testing was provided free of charge to all women and

supplies were always available.

In compliance with the national guidelines, women who tested HIV-positive were registered in the
PMTCT program and initiated on ART, preferably on the same day. A single triple ART regimen,
TDF/3TC/EFV, was initiated for all women unless contraindicated. A baseline blood sample for CD.
test was sent to MUJHU laboratory, and the results were available in two weeks. Professional
counsellors, nurses and doctors ran the PMTCT program. Experienced peer counsellors were also
available to support newly diagnosed HIV+ women and guide them through the various service
points within the hospital. The peers emphasised the benefits of adherence to ART, disclosure of HIV
status to partners, delivering in a health facility and exclusive breastfeeding to reduce the risk of

passing HIV to the baby.

The women attended the PMTCT clinic monthly for ART drug refills and clinical monitoring. HIV viral
load tests were performed at 6 months after initiation of ART then annually to monitor ART
treatment outcomes. Postpartum, HIV-infected women continued to receive PMTCT services from
the PMTCT follow-up clinic run by MUJHU which was located about 100m from the antenatal clinic.

All medical services were provided for HIV-infected women free of charge.
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3.4.2.3. Early Infant Diagnosis (EID) programme

Allinfants born to HIV infected women (HIV-exposed infants) were enrolled in the postnatal PMTCT
follow-up clinic (PPNC) managed by Baylor-Uganda. The infants were tested for HIV-starting at 6
weeks of age and also received routine medical care free of charge. The first DNA PCR HIV-test for
infants was done at 6 weeks of age according to the national Early Infant Diagnosis (EID) schedule
(MOH-Uganda, 2012a).

The prevailing national guidelines recommended HIV-infected mothers to breastfeed their infants
for at least 12 months while the mothers were on ART. ARV prophylaxis (nevirapine syrup) was
provided to the infants from birth until 6 weeks of age when the first DNA polymerase chain reaction
(PCR) HIV-test was done. Cotrimoxazole prophylaxis was provided (from 6 weeks until the results of
the second DNA PCR test were known) to protect against Pneumocystis pneumonia (PCP), other
bacterial infections and malaria. The second DNA PCR test was done at least 6 weeks after the infant
stopped breastfeeding. HIV-exposed infants were followed in the EID clinic every three months until
a confirmatory HIV-serology test was done at 18 months of age. Children who tested HIV positive at
any point in the EID cascade were immediately started on paediatric ART as per the prevailing
national guidelines (MOH-Uganda, 2013).

3.4.3. Study approvals

A series of approvals were obtained between March and December 2014 before the study
commenced in January 2015. The study protocol version 1.0 received initial approval from the MRC
Human Nutrition Research, Research Review Board on 20 March 2014 (Appendix 1). Next, | obtained
local ethics approvals in Uganda. The designated local Institutional Review and Ethics Boards (IRB)
for Baylor Uganda, the main host institution in Uganda, was the Joint Clinical Research Centre (JCRC).
According to the prevailing JCRC IRB requirements, all the study questionnaires and informed
consent forms had to be translated into the local language “Luganda” that is widely spoken in
Kampala. | thus obtained leave to work away (LTWA) from the University of Cambridge and travelled
to Uganda in March 2014 to apply for ethics approvals early in my PhD because of anticipated
bureaucracies in Uganda. Local supervision was provided by Profs Mary Glenn Fowler, Adeodata

Kekitiinwa and Josaphat Byamugisha.
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All the study documents were translated into Luganda, back-translated into English, and | reviewed
for consistency before submission to the JCRC IRB on 25 March 2014. | received minor comments
from JCRC IRB on 08 May 2014 regarding my application and responded on 24 June 2014. The
revised study protocol version 2.0 was approved by JCRC IRB on 27 June 2014 initially for one year
and continued annual renewals were subject to submission of satisfactory study progress reports.
The JCRC IRB approval letter did not allaocate the study a code number (Appendix 1). The next step
was to obtain approval from the Uganda National Council for Science and Technology (UNCST), the

overall body overseeing research activities in Uganda.

After my first year upgrade in July 2014, | was again granted LTWA by the University of Cambridge to
obtain subsequent study approvals and conduct fieldwork in Uganda. | convened collaborators
meeting in August 2014 to review progress and obtain guidance on the next approval steps. At the
meeting, | was informed that Mulago National hospital had established their own ethics/institutional
review board, so, | needed to get institutional clearance before applying to UNCST. | received

institutional clearance from Mulago IRB on 24 August 2014 subject to annual renewals (Appendix 1).

I submitted the application to UNCST on 15 September 2014. UNCST clearance and study registration
process involved both scientific approval and vetting of foreign study investigators by the Office of
the President. By the end of October 2014, no feedback had been received from UNCST, so |
appealed for expedited review on the basis that | was a PhD student with limited time for fieldwork.
A provisional approval letter was issued on 24 November 2014 for implementation over 3 years (16
Septemeber 2014 to 16 Septemeber, 2017) under the study registration number HS 1680 (Appendix
1). Dr Gail Goldberg and | received clearance from the Office of the President on 25 March 2015.

The next requirement was authorisation from UNCST for transfer of biological samples to HNR for
analysis. This application could be made at any point during the study before samples were
transferred and required a signed Materials Transfer Agreement (MTA) between HNR and Baylor-
Uganda. However, at this time, drafting of collaborative agreements and MTA was still in progress. I,
therefore, deferred the application until 27 August 2015. The approval was granted to on 30
November 2015 (Appendix 1).
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3.5. Recruitment and training of staff

3.5.1. Recruitment of staff

Between July and October 2014, | identified the staffing needs for the study and developed job
descriptions. According to the prevailing research standards at both MUJHU and Baylor, only
professional counsellors and nurses/midwives (to a lesser extent) can obtain informed consent from
potential participants. As a minimum, data collection within the clinic environment is done by
professional nurses, preferably with degree level training. Blood collection is done by qualified
phlebotomists or trained nurses/midwives with prior experience in phlebotomy. Trained chaperones
are required at Mulago ANC to guide potential study participants through various service points and
provide additional counselling for HIV-infected women. A trained and experienced home visitor is
also needed to map residences of participants and conduct home visits for missed visits. Only
trained DXA technologists with a background in radiology were allowed by the MUHJU radiation

safety committee to perform DXA.

Human Resource (HR) departments at Baylor Uganda and MUJHU hired staff (two nurses, one
midwife, one counsellor, one home visitor and one laboratory technician) on my behalf. | was
involved in all the recruitment procedures including advertising, shortlisting, interviewing and
selection of candidates. The study also shared some of the existing staff who were allocated to

support various aspects of the study (see Table 4 for a full list of staff and their roles).

Figure 18: Prof Ann Prentice and Dr Gail Goldberg with the Gumba study team at Humura Hotel in Kampala
Photo provided by Prof Ann Prentice
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Table 4: List of staff involved in the Gumba study both in Uganda

Principal Investigator, BSc, MSc (HNR)

Study Nurses*, BSc Nursing (Baylor)

Study Counsellors, BSc Counselling (MUJHU)

Study midwife, Dip. Midwifery & Dip.
Nursing ( MUJHU)

Chaperones, O’ level (MUJHU)

Home visitor, O level (Baylor)

Laboratory Technician (Baylor)
Laboratory Technologists, BMLT

(Baylor))

Senior Laboratory Technologists, BMLT
(Baylor)

DXA Technologists, BSc Radiology,
(MUJHU)

Data Clerk, BSc

(Baylor)

Medical Officer (Baylor)

Paediatricians (Baylor)

Physician (Baylor)

Overall coordination of all study activities including
preparation and amendment of study protocols,
questionnaires, SOPs and ethics documents, recruitment
and training of study staff on protocols and SOPs, data
QC2** and QA review for all study documents and
reporting adverse events to IRBs, finance, and HR
management for the team.

Pretesting questionnaires in local language, screening and
enrollment of participants, data and sample collection
(urine and breast milk), data QC1** reviewer

Obtained informed consent from potential participants,
data, and sample collection, conducted home visits for
problematic cases; data QC1 reviewer.

Screening of potential study participants, enroliment of
participants, data and sample collection (urine and breast
milk), and data QC1 reviewer.

Helped in identification of potential participants from the
antenatal clinic, and chaperoned participants at ANC and
within the Hospital.

Conducted home visits for mapping, follow-up and missed
appointments.

Phlebotomy, sample processing, and storage.

Phlebotomy, sample processing and storage, management
of sample tracking system (Freezer works) and shipping
samples.

Data QC1 reviewer for study laboratory documents.

Performed DXA scans, extracted scans from database and
sent to HNR.

In-charge of storage, access control for study records and
data entry.

Offered clinical care for sick participants.

Offered routine clinical care for sick participants (infants)
with complications.

Offered routine clinical care for sick participants (mothers)
with complications.

* One of the nurses took on the coordination of the day to day study activities from Jan-May 2015 after | returned to Cambridge. However,
| still provided remote oversight for the study by conducting weekly study meetings via Skype, tracking of study appointment
schedule/missed visits and reporting of adverse events to IRB. | also conducted monthly QA reviews on 10% of study visits conducted in

months to monitor compliance to study protocol and SOPs.

QC1 = Quality Control level 1; QC2 = Quality Control level 2; QA=Quality Assurance. These procedures are described in section 4.6.1.
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3.5.2. Training of staff

Between July and October 2014, | developed study standard operating procedures (SOPs) for the
study and associated forms. | trained all the study staff on the approved study protocols, SOPs,
consent forms, questionnaires (both English and Luganda versions), and associated forms in
compliance with regulatory requirements at both Baylor and MUJHU. | also worked with the staff to
pre-test all the questionnaires, study SOPs and made simplified flow-charts for study procedures at

every visit for quick reference.

In addition, all study staff and | completed mandatory online courses on Good Clinical Practices
(GCP) and Human Subject’s Protection (provided by the US National Institutes of Health). Additional
training on general research protocols and technical aspects, e.g. phlebotomy, obtaining informed
consent were provided by the relevant technical supervisors at Baylor and MUJHU. A training log

was maintained and signed by both the trainer and trainee for each session.

3.6. Recruitment of participants

3.6.1. Inclusion and exclusion criteria

The study inclusion and exclusion criteria were:
i.  Known HIV status, with recent HIV test results (preferably tested at Mulago hospital).
a. If HIV-infected women, initiated ART during the current pregnancy
b. If HIV-negative women, never had exposure to antiretroviral drugs (ART naive)

ii.  Aged 18.0-39.9 years. The lower cut-off of 18.0 years was set to match the legal age of
informed consent in Uganda. The upper cut-off of 40 years was to allow adequate time to
follow-up of participants before the onset of menopause, which is independently associated
with 1-2% annual decreases in BMD. In Uganda, about 9% of women aged 30-49 years enter
menopause, and the proportion of increases with advancing age to about 40% among
women aged 48-49 years olds (UDHS, 2012).

iii.  Gestation age <34 weeks at enrollment to ensure HIV-infected women were on ART for 20-
48 weeks at 14 weeks postpartum (assuming the EDD at 40 weeks). This cut-off provided
adequate time for potential participants to complete the consent process and attend their
first study visit at 36 weeks of gestation.

iv.  Planned to breastfeed their infant for at least six months. This would allow for observation

of changes in maternal BMD during breastfeeding, which was central to the study rationale
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v.  Without a known diagnosis of bone disease, diabetes mellitus, glycosuria, gestational
diabetes, hypertension, preeclampsia/eclampsia, TB infection or TB suspected, hepatitis B or
C co-infection, renal disease, proteinuria or any kidney-related medical condition. These
conditions can also affect bone metabolism hence are potential confounders.

vi.  Lived within a 20km radius of Mulago Hospital and planned to stay within the study area for
at least two years and consented to home visits. This area was covered by community
volunteers at Baylor-Uganda COE enabling home visits for collection of urine samples and
tracing of participants for follow-up visits.

vii.  Willing to undergo all study procedures as outlined in the approved study protocol and
informed consent forms.

viii. ~ Consented on behalf of their unborn baby to participate in the study after delivery as per the
study protocol.
Mothers who did not meet the above criteria were not enrolled in the study. Further exclusions after
enroliment included:
i.  Pregnancies classified as high risk during the study.

ii.  Confirmed multiple fetuses based on ultrasound scan results.

iii.  Pre-term deliveries (< 37 weeks of gestation based on ultrasound scan).

iv.  Fetal deaths, abortions, miscarriages, stillbirths and neonatal deaths.

v.  Stopped breastfeeding before 14 weeks postpartum.
These participant selection criteria were designed with a focus on the safety and wellbeing of

participants to minimise potential confounders and attrition from the study.

3.6.2. Awareness and referral of potential participants

Recruitment procedures commenced at Upper Mulago ANC clinic in January 2015. Pregnant women
attending upper Mulago antenatal clinic were approached to participate in the study. While in the
waiting area, the study staff (counsellor/nurse/midwife) gave 10-minute talks in English and Luganda
(the main local language in Kampala) to raise awareness on the study objectives, eligibility criteria,
and recruitment process. In these talks, the counsellor presented a 5 minute lay summary of the
study and took questions from the audience. She then concluded by inviting interested women to
talk to the midwife to obtain a referral or to come directly to the study office. Trained midwives
approached potentially eligible women at their service stations in the clinic and completed referrals
for interested women (see appendix 2). Referred women were escorted to the study office by the

chaperones.
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3.5.3. Screening and informed consent (IC) session 1

The study nurses/midwife received pregnant women referred by the midwives and allocated a
referral number. The referral forms were reviewed for completeness and eligibility of the potential
participant. Women who were not eligible were informed and thanked for their interest in the study.
Those deemed eligible based on the referral were given a verbal overview of the study procedures
and asked if they wanted to initiate the study recruitment process on that day. The study
nurse/midwife also obtained verbal informed consent to review medical records of interested
women in order to complete part one of the screening questionnaire (appendix 3). A screening
number was allocated for those who consented. Women with known medical complications were
discontinued at this point, and those who passed initiated the informed consent (IC) process (session

1) with the study counsellor.

The counsellor introduced the informed consent form (ICF) to the participant in their preferred
language (English or Luganda) and assessed comprehension of the participant (see appendix 4).
Women who did not have a good understanding of either English or Luganda were discontinued. The
counsellor discussed the key sections of the informed consent form, explained the procedures at the
next visit (enrollment visit) and issued a return date for a full consent session. A copy of the
informed consent form was given to the potential participants to take home, and they were
encouraged to come with their partners at the next session 3.5.4. Screening and Informed consent

session 2.

The counsellor had an in-depth discussion of study procedures with the potential participant and
addressed their questions/concerns. It was emphasised to the mothers that participation in the
study was entirely voluntary; and that if they decided not to join the study, their access to routine
medical services at the hospital would not be affected. All sessions lasted at least an hour and were
also witnessed by a trained chaperone. Husbands and personal witness (es) for illiterate women
attended the session where available. Women who decided not to join the study were thanked for

their time, and transport costs were reimbursed.

Women who decided to join the study signed the allocated section of the consent form. The
counsellor, husband and witness (s) who attended the session also signed the appropriate sections
of the form. For those unable to write, an inked thumbprint of their right hand was obtained as a
signature. | reviewed all fully signed consent forms to ensure they were properly signed and issued a
photocopy to the potential participant for future reference. The original was retained for study

records and filled in a secure cabinet.
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Screening level 2 procedures were conducted to confirm eligibility of consented women before
enrollment into the study. Confirmation of full eligibility was done including a review of routine
obstetric ultrasound and urinalysis results. Women with glycosuria, proteinuria +++, gestation age

>37 weeks or multiple pregnancies were discontinued.

3.6.4. Enroliment of participants

Women who passed screening level 2 were enrolled into the study. The participants were allocated a
unique study number and issued with a study identification card containing their study number and
phone contact numbers for the study. The participant received reimbursement for transport costs.
Enrolment of participants was conducted on a rolling basis from Monday-Friday until the target
number of participants was achieved. These recruitment procedures were in line with those

commonly used at Mulago clinics. Recruitment of study participants closed in February 2016.

Figure 19: Study counsellor (left) obtaining informed consent from a potential participant

Photo credit: Florence Nabwire
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3.7. Study visits

3.7.1. Thirty-six weeks of gestation (PG36)

The first study visit was scheduled at 36+1 weeks of gestation (PG36 visit). The timing of the visit was
based on literature that late pregnancy is characterised by rapid bone turnover in the maternal
skeleton to mobilise calcium for fetal bone mineral accretion (Olausson et al., 2012). This visit also
matched with previous studies on pregnancy, lactation and bone health conducted by the NBH
group in The Gambia and Cambridge. This presented an opportunity for comparison of the findings

across studies.

At PG36, pregnant women came for the study visit in the morning after overnight fasting for at least
8 hours (participants were requested not to eat after 11pm). A two-hour timed fasting protocol was
followed to collect blood and urine samples (described in section 4.3.1). While undergoing the 2-
hour fasting procedure, anthropometric measurements were taken and questionnaires
administered. At the end of the 2hour fast, participants were offered breakfast, transport
reimbursement and routine health services (PMTCT and/or antenatal care) as per prevailing practice.
The study team checked the questionnaires for completeness and provided transport refund before

the women left the clinic.

3.7.2. Delivery

Participants were encouraged to deliver at Mulago National Hospital and to inform the study team
via a toll-free line, at the onset of labour. An appointment for the first postpartum visit for the

mother-baby pair was issued based on the date of delivery.

3.7.3. Two-week postpartum (PP2)

The first postpartum visit was scheduled at 2.0£0.5 weeks postpartum. This was to obtain baseline
maternal bone mineral by DXA to reflect pregnancy before lactation was fully established. It also
enabled acquisition of DXA scans in infants to assess potential effects of in-utero exposure to
maternal ART. The timing of the baseline postpartum DXA scan considered the duration required for
recovery of women following delivery by Caesarean section as well as cultural norms regarding the
movement of newborn infants outside the home. Rapid changes in body composition and water

during the early puerperium period which could affect the estimation of bone mineral by DXA were
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also considered. These considerations were to ensure valid DXA scans were obtained while

minimising participant burden and risk of missed visits.

Previous studies on lactation and bone health in the Gambia and Cambridge and PROMISE studies
(Laskey et al., 1998, Jarjou et al., 2006, Olausson et al., 2008) . Therefore, scheduling baseline DXA
scans at 2 0.5 weeks postpartum (PP2 visit) was consistent with both previous and ongoing studies

on pregnancy, lactation, ART and bone health for comparison.

At PP2, mother-baby pairs came in the morning for study procedures. Participants were informed
not to fast at this visit and to breastfeed their infants normally. On arrival at Baylor COE,
anthropometric measurements were taken, breast milk samples collected and questionnaires
administered as per the study protocol (appendix 9). The women were offered breakfast while the
guestionnaires were reviewed for completeness. Afterwards, infants with incomplete immunisation
records were immunised at Baylor-COE clinic then mother-baby pairs were escorted to MUJHU for
DXA scans. Participants were given a return appointment for the PP14 visit, and their transport costs

were reimbursed.

Figure 20: Study nurse (Lilian) and | reviewing questionnaires on a working day at the Baylor-COE

Photo credit: Dr Gail Goldberg
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3.7.4. Fourteen weeks postpartum (PP14)

PP14 was scheduled at 14+2 weeks postpartum and was the primary endpoint of the PhD study. The
timing of the visit was targeted around peak lactation which occurs at about 10-12 weeks
postpartum. It was also desirable to schedule the visit when most women were still breastfeeding
and when HIV-infected women had completed at least 24 weeks on ART to allow adequate time for
observation of the combined effects of lactation and ART on the maternal skeleton. Previous
lactation studies by NBH group have scheduled the visit at 13 weeks postpartum (Jarjou et al., 2010).
Considering information that the median duration of predominant breastfeeding in Kampala was 3.2
months (UDHS, 2012) and there were was a routine immunisation visit at 14 weeks postpartum, 14

weeks was selected as the end point of the study.

The PP14 visit had the same procedures as PG36 and PP2. In addition, a non-fasted blood sample
was collected from the infants. Breastfeeding/feeding was not restricted during the 2hr-timed
fasting procedure for mothers. Questionnaires were also completed (appendix 10). After study
procedures and receipt of scheduled routine MCH services at Baylor COE, mother-infant pairs were

escorted for DXA scans at MU-JHU. Data collection or PP14 visits was completed in May 2016.

3.7.5 Study coordination

The study had three sites for data collection within Mulago hospital. All study procedures during
pregnancy (recruitment and PG36) took place at Upper Mulago, most of the postpartum activities
were done at Baylor-Uganda (Baylor-COE laboratory, Baylor-COE study office) and DXA scans were
performed at MUJHU. The laboratory at Baylor-Uganda was in charge of collection, processing and
storage of biological samples. Cool boxes with ice packs were used to transport samples between
study sites. Chaperones escorted participants between study sites for various procedures. A closed
user group mobile phone service was used to facilitate voice calls between staff at various study

sites. The overall flow of study procedures at each visit is summarised in Figure 21.

Screening | IC session | IC session Il Screening |l Enrolment
Anthro Blood @1hr Question- Urine @ end Routine ANC
metry of fasting naires of 2hr fast Breakfast & PMTCT
Bc':m: Q:?::n‘ Breakfast DXA
Ampo- Breastmilk Br"o:::;:;:o ;1 Q:fz"‘ U:xh:?f:;d Breakfast DXA

Figure 21: Flow of study activities at each visit
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| provided overall supervision of staff and coordination of the study activities across the three sites,
and | was involved in periodic staff appraisals. | identified supplies for all laboratory supplies
especially sample collection and storage tubes. Prior to procurement, sample blank tubes (filled with
demineralised water) were run on the analysis platforms in the NBH lab at EWL, and confirmed to be
free of contamination for calcium and phosphorus. | then worked closely with the procurement
team at Baylor to ensure all laboratory supplies were procured on time (both locally and from the
UK) for smooth running of study activities. To keep all staff updated on progress, | conducted weekly
study meetings and this offered opportunities to address challenges encountered by staff. In
addition, | managed the study budget and approved all study transactions in Uganda. Regular
meetings were also held with community volunteers to get updates from the community. | held
meetings with all collaborators to keep them updated on the study progress and to seek guidance
where necessary. | continued to remotely coordinate the study after a returned to Cambridge until

May 2017 when the participants completed follow-up at 18 months postpartum.

During fieldwork in Uganda, | maintained regular contact with my PhD supervisor (Dr Gail Goldberg)
and other staff at HNR via email and Skype. | also regularly attended the weekly Science club at EWL
via Skype. Dr Goldberg and Prof Ann Prentice came to Uganda in October 2014 to meet the
collaborators and provide guidance on setting up the study. | also had a second supervision visit by
Dr Goldberg in May 2015.

3.8. Retention of participants in the study

3.8.1. Mapping of residences and home visits

A home visitor accompanied participants to their homes after enroliment to map their residence.
Participant tracing form FO03 (appendix 5) and map to their residence was drawn for future use. The
home visitor also introduced a trained field worker (community volunteer) to the participant. Home
visits were only conducted for participants who were sick or not reached via phone contacts
provided. When necessary, the community volunteers were contacted via phone and requested to
conduct home visits to their catchment area. At every visit, participants were asked if they had
changed their residence and/phone contacts and the information was updated on form FO03
(Appendix 6) . The mapping exercise was repeated for participants who changed residence, and a
new map was drawn. There were two incidents of HIV-positive participants who took the study
home visitor to a wrong address for mapping. Incidences of intentionally giving wrong phone
numbers and address to hospital staff were common among newly diagnosed HIV-positive women in
the PMTCT program. This is due to fear of stigma and home visits, which are associated with being

HIV-positive in some communities.
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Figure 22: Community volunteers, Gumba staff and | celebrate end of data collection.

Photo provided by Florence Nabwire

3.8.2. Phone calls and text messages

The study maintained two mobile phone numbers and a toll-free line for communication with
participants. The majority of the participants owned a mobile phone, and there was reliable network
coverage. Alternative phone contacts given by the participants were phoned if the participant’s
primary phone number was off. Participants were reminded of their scheduled appointments at
least one week in advance through mobile phone calls, text messages or home visits depending on
the participant’s contact details and preferred method of communication. In addition, the study
nurse/midwife made weekly phone calls to all women who had completed PG36 to find out if they
had delivered and to also check on their health. This is was implemented after a few participants did

not phone in time and missed the PP2 visit.

Participants were also advised to contact the study via phone regarding study protocol, illness and
inability to attend scheduled study visits. The study mobile phone numbers were kept open for 24hrs
by the study nurse. A toll-free line was operated by Baylor-Uganda on weekdays between 8am and

5pm, and participants also used this service to contact the study team.
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3.8.3. Transport arrangements and reimbursement

Participants were paid transport refund of UGX. 15,000 per mother-infant pair to facilitate their
movement to and from Mulago Hospital at every study visit. This amount was similar to that paid by
ongoing studies at Baylor-Uganda and within limits recommended by UNCST to safeguard against

coercion of participants.

At PP2, special transport arrangements were made for mother-baby pairs who had complications
during/after delivery and for those who had travelled out of Kampala for postnatal care to maximise
attendance. Women who lived in villages outside Kampala were sent adequate fare via mobile
money to enable them to travel to Kampala by public transport for study procedures. The study was
allocated vehicles at Baylor-Uganda to conduct home visits within a 20km radius and also pick and

drop mother-baby pairs with complications following birth.

3.8.4. Integration of study visits with routine MCH visits

Study visits were synchronised with the participants’ antenatal and immunisation appointments to
reduce participant burden. ANC services were integrated into study visits during pregnancy
(enrolment and PG36). Postpartum, routine maternal and child health services like immunisation
and growth monitoring services were offered at Baylor-Uganda at PP2 and PP14. Only the PP2 visit
was outside the immunisation schedule. The integration of routine medical services and study

appointments not only reduced participant burden but also improved their retention in the study.

3.9. Research governance

3.9.1. Clinical care for participants

The study did not directly provide routine medical services for participants but liaised with relevant
service providers for participants to ensure participants received routine clinical services. In
scenarios where the study identified gaps in care such as poor adherence to ART or clinical events,
the study informed the relevant clinics for management. The study paid for routine ANC laboratory
investigations for all women (syphilis screening, Hb, blood grouping, urinalysis and one ultrasound
scan). The participants maintained the original results for their clinical care. The study only
maintained a photocopy on the participant’s file for financial accountability and reference. This was
implemented based on guidance from the Director of the Department of Obstetrics and

Gynaecology at the hospital. HIV-infected women and their exposed infants received PMTCT services

66



from Mulago Hospital PMTCT clinics run by MUJHU and Baylor-Uganda (see the description of these

clinics in section 3.3.2).

Antepartum, sick participants were managed by midwives and specialists at Mulago ANC clinic. Sick
participants who presented postpartum were managed at the Baylor COE clinic which had medical
doctors and specialists including paediatricians and one physician (see section 3.4.1). The medical
officers reviewed all sick patients and where necessary referred to specialists for further
management. HIV-positive women and their babies received free medical services from the PMTCT
clinic and Baylor-Uganda, respectively as part of the PMTCT-EID package. Sick HIV-negative
participants received a free consultation with a doctor at Baylor-Uganda, and the study paid for

prescribed medication up to a maximum of UGX 20,000/=.

3.9.2. Adverse events and abnormal laboratory results

Although Gumba was not a clinical trial, all cases of illness and other adverse events were
documented in a log and general notes added in the participant’s file. | reviewed and countersigned
all general notes then prepared a final report for submission to JCRC ethics committee, where
necessary. The adverse events that were reportable to ethics committee included preterm
deliveries, stillbirths, neonatal deaths, fracture caused by trauma (domestic violence) and hospital
admissions. Serious adverse events were reported within 7 working days according to JCRC
guidelines. Other reportable events were aggregated in the annual progress reports that

accompanied the applications for renewal of study approvals.

3.9.3. Study audits

The research regulatory office at Baylor-Uganda conducted internal audits to monitor compliance
with approved study protocols, clinical and research standards. A pre-study audit was conducted in
January 2015 before recruitment of participants commenced, and then spot audits were conducted
routinely. | shared the audit reports with staff, and all the queries were addressed according to the

prevailing requirements at Baylor-Uganda.
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CHAPTER 4: METHODS

4.1. Selection of study methods

Table 5: Selection of study methods

Study Standard Description, clinical utility and Method (s) used in the Gumba study
Outcome methods/ limitations and rationale
analytes/assays
Bone = The reference site for diagnosis = Measured bone mineral by DXA (the
phenotype Dual Energy X-ray of osteoporosis (by DXA) is the gold standard for assessment of bone
(BMD, BMC, | Absorptiometry femoral neck. mineral) in mothers and babies
BA and SA- | (DXA) = T-scores used for diagnosis of postpartum.
BMC) osteoporosis in postmenopausal | = Peripheral quantitative ultrasound
women and men aged >50 years. (pQCT) equipment was not available in
= Interpretation of T-scores: Uganda to assess maternal vBMD.
Normal BMD: above -1 SD: = The primary outcome was powered on
Osteopenia: between-1.0 and maternal LS aBMD because both
-2.58D lactation and HIV/ART studies have
Osteoporosis: -2.5 SD or lower reported greater losses in BMD at LS
vs. other skeletal sites
= Z-scores are recommended for = LS has a greater proportion of
premenopausal women, men trabecular bone hence very sensitive
aged <50 years and children; and to changes in aBMD compared to
the cut-offs are similar T-scores. other skeletal sites.
= No reference standards for black | = Infant bone mineral (secondary
Africans living in Africa, children, outcome) assessed to investigate
adolescents and/or pregnant and potential effects of maternal HIV/ART
lactating women. on bone mineral accretion.
In depth description of the DXA
procedures presented in section 4.3
Bone = Produced during bone Measured CTX, PINP and BAP in
turnover Markers of bone resorption. mothers because:
markers resorption: = The majority have high biologic = |OF/IFCC recommend P1NP and CTX
CTX, NTX and analytical variability. for clinical monitoring of osteoporosis
DPD/PYD, OPG, = CTX and NTX are the most = Greater increases in CTX, PLNP and
RANKL, studied and used markers of BAP have been reported in HIV-
hydroxyproline, bone resorption. infected persons after initiation of
hydroxylysine, = Many studies on HIV/ART and ART.
cathepsin K, bone bone have measured CTX. = Early increases in CTX and delayed
sialoprotein, increase in PLNP/BAP reported
TRACP5Db following ART - proposed as a
= Produced during bone formation. potential mechanism for bone loss in
Markers of bone | = Assay methods for PINP the first 1-2 years of ART.
formation: PANP, extensively described in the = Increases in bone turnover markers
P1CP, BAP, literature compared to P1CP. are greater among patients on
Osteocalcin = BAP is positively correlated with Tenofovir (TDF)
bone formation rate as measured
by histomorphometry sample collection and laboratory
= Osteocalcin is a sensitive marker | procedures presented in sections 4.3.1,
of bone formation but its use in 4.4.1.2and 4.4.1.3
clinical settings is limited by
sample instability, high biological
and assay variability.
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Study
Outcome

Standard methods/
analytes/assays

Description, clinical utility and limitations

Method (s) used in the
Gumba study and rationale

Vitamin D and
calciotropic
hormones

25hydroxyvitamin

Vitamin D is hydroxylated in the liver to form
25(0OH)D, and further hydroxylated in the

Measured 25(0OH)D in
mothers because HIV/ART

D (25(0OH)D) kidneys to form 1,25(0OH).D - the active studies have reported:
and 1,25 metabolite involved in calcium homeostasis. = Greater prevalence of
hydroxyvitamin D = 25(0OH)D is the commonly used indicator of serum 25(0OH)D <25
(1,25(0H).D) vitamin D status because it has a longer half- nmol/L) in HIV-positive vs
life than 1,25(0H).D. negative personsin
= 25(0H)D reflects dietary, endogenous sources Northern latitudes.
and circulating supply of Vit D. = Efavirenz, induces
= The Institute of Medicine (IOM) and the UK cytochrome P450
Scientific Advisory Committee on Nutrition enzymes resulting in the
(SACN) recommend serum 25(0OH)D above 25 accelerated breakdown of
nmol/L to maintain bone health. 25(0H)D to 1,25(0H).D.
= 25(0OH)D measurements differ by assay type = TDF is associated with |,
and across laboratories, hence free 1,25(0H).D causing
implementation of DEQAS (the international functional vitamin D
vitamin D Quality Assessment Scheme and deficiency, thought to
VDSP (international Vitamin D explain the observed
Standardization Program). greater loss in aBMD with
= EWL participates in both DEQAS and VDSP. TDF use
Sample collection and
laboratory procedures
presented in sections 4.3.1
and 4.4.2.1
= PTH is produced in response to low serum Measured PTH in maternal
Parathyroid calcium and acts on both bone and the plasma because:
hormone (PTH), kidneys to restore serum calcium levels to = Higher PTH concentrations
Parathyroid normal. have been reported

hormone related
protein (PTHrP) and
calcitonin

High circulating plasma concentration of PTH,
hyperparathyroidism, is associated with
increased bone loss.

Measurement of PTH is important in clinical
diagnosis of disorders in calcium metabolism
(hypercalcemia and hypocalcemia).

Renal impairment, vitamin D deficiency, low
calcium intake and medication are among the
causes of hyperparathyroidism.

PTH activity is suppressed in pregnancy and
early lactation, its role in calcium
homeostasis taken over by PTHrP.

PTHrP is produced by the mammary glands
and released into the maternal blood and
breastmilk. It can activate both the
PTH/PTHrP receptors and renal 1,25(0OH),D
production.

The role of PTHrP in human pregnancy and
lactation is not fully understood because its
biology is complex and the laboratory assays
pose several methodological challenges.
Calcitonin is released in response to high
plasma calcium and acts on both bone and
kidneys to restore serum calcium levels to
normal - acts opposite to the effects of PTH.

among HIV-positive
persons.

= Greater increases in PTH
following initiation of ART
in longitudinal studies of
HIV-infected persons,
increases are greater with
TDF-based ART and
thought to explain greater
bone loss.

= Both EFV and TDF are
preferred drugs in the
current Option B-plus ART
regimen for pregnant and
lactating women.

= Calcitonin was not
measured because its
importance in humans has
not been well established.

= Sample collection and
laboratory procedures
presented in sections
4.3.1and4.4.2.2
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Study Standard Description, clinical utility and limitations Method (s) used in the Gumba
Outcome methods/ study and rationale
analytes/assays
Plasma and Plasma albumin, = Measurement of plasma and urine Measured in the Gumba study to:
urine clinical | Total alkaline mineral concentrations of Ca, POsand Mg | = Investigate HIV/ART related
biochemistry | phosphatase are important in diagnosis of disorders of disturbances in plasma mineral
(ATP); bone mineral metabolism. concentrations and urinary
plasma and urine | = A change in plasma concentrations excretion.
creatinine, outside the normal range affects both
calcium, bone mineral mobilisation and renal Sample collection and laboratory
phosphate and reabsorption for the particular mineral. procedures presented in sections
magnesium = Plasma concentrations of plasma and 4.3.1and4.4.3
mineral urine concentrations form the
basis for calculation of indices assessing
renal function and mineral handling.
= Assessment of GFR is important in Measured eGFR and proteinuria
Markers of Glomerular diagnosis of chronic kidney disease (CKD) | because:
renal Filtration Rate - end stage CKD is renal failure. = Lower eGFR has been reported
function, (GFR), proteinuria | = Renal tubular damage (RTD) is among HIV-infected adults.
tubular and markers of characterised by proteinuria (increased = Faster decline in eGFR and
damage and renal tubular urinary excretion of proteins). progression to end stage CKD
mineral damage (RTD) = Clinical diagnosis of CKD is based on in HIV-positive adults.
handling serum creatinine (or Cystatin C) - based = TDF-based ART associated with

estimated GFR (eGFR) and/or presence of
RTD

= eGFR <60 mI/min/1.73 m? for 23 months
classified as CKD, with/without RTD.

= HIV—positive patients may have renal
disease diagnosed by RTD in absence of
altered eGFR.

greater decline in renal
function and renal tubular
damage

= Specific proteins markers of
RTD, were not measured
because they are not routinely
used in clinical practice.

= Calculation of eGFR presented
in section 4.4.4.1

Markers of renal
mineral handling:
TmP/GFR and
TmCa/GFR

= Renal tubular maxima for reabsorption of
PO4 (TmP) and calcium (TmCa) per unit
volume of glomerular filtrate (GFR),
measure the maximum rate of renal PO4
and Ca (respectively) reabsorption.

= TmP/GFR and TmCa/GFR are used in
diagnosis of disturbances in PO, and Ca
homeostasis

= These indices are not affected by the
release of PO4/Ca from bones, gut and
other cells into the extracellular space.

= TmP/GFR is the important index of renal
PO4handling and has replaced indices
described in earlier literature.

Both TmP/GFR and TmCa/GFR

were measured because:

= HIV/ART, especially TDF is
associated with decline in renal
function which might
compromise renal phosphate
and calcium handling.

= TDF is associated with renal
phosphate wasting — one of the
proposed mechanisms for
greater bone loss with TDF use.

More information and equations
presented in sections 4.4.4.2 and
4.4.4.3
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Study Standard Description, clinical utility and limitations | Method (s) used in the Gumba study
Outcome methods/ and rationale
analytes/assays
Breastmilk = Breastmilk (BM) Ca and PO, are Measured BM Ca, phosphorus (P), Na
Breastmilk | Caand PO4 important for infant skeletal growth. and K because:
mineral = Maternal bone resorption occurs during | = There are no data on effects of
content lactation to supply Ca and PO, to the maternal HIV/ART on BM Ca and PO,
infant through BM. - but biologically plausible to
= Predominantly breastfed infants depend speculate that disturbances in
on maternal supply of Ca and PO, maternal Ca/PO4 homeostasis
through BM. following initiation of ART might
Breastmilk = Raised BM Na/K ratio (>1.0) is an alter BM composition, affecting
sodium (Na) and indicator of subclinical mastitis (SCM). infant growth.
potassium (K). = SCM causes opening of the paracellular | = Measured breastmilk Na and K to
pathways within the breast causing identify SCM —which can cause
leakage of blood components into BM. leakage of plasma Ca, PO4 into BM.
= SCM is associated with poor infant
growth. Laboratory methods for BM are
described in section 4.4.5
Anthropom- | Weight, height, | = Anthropometry is the science of = Measured weight and height/length
etry mid-upper-arm measuring human body size, weight and in mothers and babies to adjust DXA
and head proportions. measurements for body size.
circumferences, | = Important for clinical diagnosis and = This is because BMD and BMC are
waist-hip ratio, management for several disease highly dependent on body size, and
skinfold conditions. changes in weight
thickness = Weight and height or length (the most = Infant anthropometry measurements
common and basic anthropometry) were used to generate infant growth
measure body size. indices.
= Hip and waist circumferences, BMI and = Skinfold thickness and waist hip
skin fold thicknesses are used as proxy ratio) were not measured because
measures of body composition in adults. body composition was estimated by
= |n children, weight, length, head DXA.
circumference are used to assess
growth for a given age and sex. Anthropometric procedures presented
= Mid upper-arm-circumference (MUAC) in section 4.2
is used to assess acute malnutrition
(wasting) in both adults and children.
Low MUAC associated with increased
risk of mortality.
Infant Z-scores based = Several international reference Growth Z-scores based on WHO 2006
somatic on child growth standards are available for monitoring reference standards were used to
growth reference fetal and postpartum growth in children | investigate the potential effect of
standards: —WHO, intergrowth and Fenton charts. | maternal ART on somatic growth of
WHO = WHO standards are derived from a babies because:

multicentre study of breastfed infants
and are the most widely used.

= Common growth indices are: weight-for-
age, length/height-for age, weight-for
height, BMI-for age, and growth velocity
Z-scores.

= Uganda does not have its own growth
standards. WHO standards are routinely
used in the national growth monitoring
program and clinical care.

= Many studies on maternal HIV/ART
have reported poor growth among
HIV-exposed infants compared to
HIV-unexposed.

= To my best knowledge, there are no
published papers containing both
data on skeletal and somatic growth
beyond the neonatal period in the
context of maternal HIV/ART.

= Procedures for growth assessment
are presented in section 4.1.2
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Potential Standard Description, clinical utility and limitations Method (s) used in the
confounder methods/ Gumba study and rationale
analytes/assays
Dietary intake Directly = Observed weighed food diaries provides more | Not used in the Gumba
observed/real accurate estimate of dietary intake, but study. Not feasible to
time weighed difficult to implement in large studies. implement for 200
food diaries participants scattered

around Kampala city.

Self-reports:
weighed food
records (WFR),
food diaries, 24-
hour recall,
Food frequency
questionnaire
(FFQ), Dietary
Diversity
questionnaires

(DDQ).

Methods based on self-reports are commonly
used because they are easier to implement,
but are subject to recall bias and literacy level
(WFR).

» FFQ provides an estimate of usual dietary
intake (qualitative or quantitative) and is the
most commonly used method in large
epidemiological studies.

= Very important to use culturally appropriate
methods and regional food composition tables

» FFQ and food diaries are available to assess
calcium intakes.

= DDQ developed by FAO to assess household or
individual food security and micronutrient
intake (Fe & Vit A) in resource limited settings.

= Newer methods, using web-based and smart

phone applications, have been developed but
these may not be applicable in resource limited
settings.

More sophisticated approaches (e.g. dietary

patterns) and computer software are also

available to analyse dietary data.

Calcium FFQ as used in
Gambian studies was used
to collect data on
consumption of Ca and Vit D
rich foods in mothers, to
account for potential
confounding when
comparing BMD
measurements between the
groups.

More information presented
in section 4.5 and
appendices (6, 7 and 8).

Breastmilk Test-weighing = Exclusively breastfed infants rely on breastmilk | = DDTM was planned but a
volume and and to meet all their nutritional needs. decision was made not to
breastfeeding deuterium = Infant size is positively correlated with volume implement as it would
practices oxide dose-to- of breastmilk consumed. have overburdened
the-mother = Breastmilk volume is a major determinant of participants and
method (DTTM) the lactation bone loss at the spine. overstretched study staff,
= Test-weighing method quantifies infant compromising the main
breastmilk intake by weighing the baby before study.
and after each feed, but the method interferes | = Data on breastfeeding
with the breastfeeding routine. practices was
= DTTM measures integrated infant BM intake incorporated into the
over 14 days after administration of deuterium dietary questionnaire
oxide to the mother and daily collections of (section 4.5 and
urine or salvia from mother and baby. appendices (6, 7 and 8).
= DTTM is safe and does not interfere with
lifestyle or breastfeeding.
Other Demographic = Potential confounders of both the primary and | Data were collected using
confounders and socio- secondary study outcomes. questionnaires.
economic = For example, primiparity is associated with

characteristics

greater bone loss compared to multiparity.

Medical history

History of illness (especially being bedridden)

and physical may affect bone loss and vitamin D status.

activity = Some disease conditions (e.g. diabetes), drugs
and contraception may affect bone.

Sunshine = Sunshine exposure (UVB) affects dermal

exposure synthesis of vitamin D, and vitamin D status.

More information presented
in sections 4.5 and
appendices (6, 7 and 8).
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4.2. Anthropometry

Anthropometry is the science of measuring human body size, weight and proportions. In the Gumba
study, anthropometric measurements were done in mothers at PG36 and in mother-baby pairs at
PP2 and PP14. All measurements were done by trained research assistants using standard clinical

equipment according to SOPs in place.

4.2.1. Mothers

Height (cm) and weight (kg) were measured at every study visit using a digital weighing scale and
stadiometer set (SECA 360; manufacturer SECA GmbH, Hamburg Germany). The equipment was

calibrated daily using standard procedures at Baylor-Uganda.

Participants were measured in light clothing, without footwear and standing upright on the scale
(Figure 23).Weight was measured to the nearest 0.1kg. Height was measured to the nearest 0.1 cm
with the participant standing upright and without footwear. The mothers were positioned with the
heels and shoulders against the back of the stadiometer keeping the back and knees straight with the
Frankfort plane in the horizontal position. Irremovable hair extensions were gently compressed as
close to the skull as possible, and note was made on the questionnaire alongside the measurement.
Mean height based on measurements at PP2 and PP14, was used in all statistical models. This is
because significant increases in height were not anticipated during the study duration. Body mass

index (BMI) was calculated using the equation: BMI (kg/cm?) = Body weight/(height?).

UNICEF approved MUAC tapes were used for pregnant and breastfeeding women to assess for
malnutrition. As per the national guidelines, pregnancy and lactating (< 6 months postpartum) are

classified as malnourished if they have MUAC < 22cm.

4.2.2. Infants

Weight, recumbent length and head circumference were obtained for all infants at every visit to
compare growth outcomes between HIV-exposed and HIV-unexposed infants. Infants were weighed
without clothes (or in light clothing during the rainy/cold season) using a digital infant weighing scale
(SECA 374, manufacturer SECA GmbH, Hamburg Germany). The scale was calibrated daily using
standard procedures at Baylor-Uganda. Recumbent length was measured using a standard wooden
length board supplied by UNICEF. Standard tapes (SECA 212; manufacturer SECA GmbH, Hamburg

Germany) were used to measure the head circumference.
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Z-scores for growth indices (height-for-age, weight-for-age, weight-for-height and head
circumference-for-age, Z-cores) were generated based on WHO 2010 growth standards in WHO
Anthro software plugin for STATA. Six implausible head circumference measurements were flagged

by the Anthro software and were excluded from data analysis.

Figure 23: Volunteers undergoing anthropometric measurements.

From top clockwise: study nurse taking maternal height and weight, head circumference of an infant, maternal
MUAC and weight of an infant.

Photo credit: Lilian Birungi



4.3. Assessment of Bone mineral and body composition by DXA

4.3.1. Scan acquisition

A Dual Energy X-ray Absorptiometer (DXA) scanner at MUJHU was used to assess bone mineral and
body composition of mothers and infants (Model: Discovery W by Hologic, Inc., Waltham, MA, USA).
Hologic QDR 4500A is a fan beam scanner which uses a broad X-ray beam and multiple detectors to
measure the attenuation in a row of pixels in a 2D image. The DXA scanner automatically detects and
separates the bone edges from soft tissue within the image, using the generated attenuation profiles
based on inbuilt assumptions, and measures the total bone area (BA) in cm?. The DXA software then
calculates BMC in grams and aBMD in g/cm? with the defined area (BA). Whole body DXA scans also

measured total body fat and lean mass (g).

The study described in this thesis measured bone area (BA), bone mineral content (BMC), and areal
bone mineral density (aBMD) of the whole body, total hip (TH) and lumbar spine (LS, L1-L4). All scans
were performed by experienced and certified DXA operators engaged by MUJHU trained by the
Hologic team in South Africa. The operators had previously performed scans for international clinical
trials (VOICE and PROMISE) and for other studies. At the beginning of the study, | also trained the two

DXA operators on the study protocol.

All women were offered a pregnancy test before referral for DXA scans after 2 weeks postpartum in
line with the prevailing DXA standards of operation at MUJHU. A study nurse stationed at Baylor-
Uganda completed a DXA referral form for all infants and non-pregnant women before they were
escorted to MUJHU (referral forms attached in appendix 8). At the MUJHU DXA facility, chaperones
helped the participants to remove any metallic accessories, including bras and jewellery and change
into light cotton gowns. Prior to scanning the subject’s details were checked by asking the
participant to verbally confirm some of the details on the referral form (name, date of birth and
residence); this was to ensure the correct individual was scanned. The participant’s details (study
number, initials, visit, weight and height) were then entered into the DXA software as per the

referral form.

The participants were positioned on the DXA scanner according to manufacturer’s instructions and
SOPs in place. A set of three scans (whole body, hip and lumbar spine) were acquired in mothers,
and two scans (whole body and lumbar spine) were acquired in infants at PP2 and PP14. Scans were
performed in the default fast array mode for the majority of the participants. The selected scanning

mode was maintained for each participant at all visits. The MUJHU Radiation Safety Committee
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provided overall supervision for the conduct of DXA scans. The amount of radiation exposure from
DXA is very low and much less compared to normal background radiation. The radiation delivered to
participants in the whole study was about 0.0335mSv for mothers and 0.03mSv for infants. These
radiation doses (although the study doses do not include natural background radiation received by
individuals from natural sources like the sun, air, food, soil and from outer space, were much lower
than the annual limit of 1mSv set for the public. The global annual background radiation is
approximately 2.4mSv (Damilakis et al., 2010). Uganda’s average is unknown but, it is likely to be
close to the global average. Therefore, the radiation doses for a set of scans in both mothers and
infants were equivalent to approximately one day of exposure to natural background radiation in

Uganda and much less than the annual radiation exposure.

4.3.1.1. Maternal whole body scan

The whole body scan was obtained with the participant lying on her back and looking at the ceiling
while remaining still. The body was positioned straight within the scan field (outer lines on the DXA
table, see photo) using the centre lines at the head and feet ends of the table. The arms were
separated from the sides of the body with the hands placed palm down, within the scan field. Where
the hands did not fit in the scan field, they were tucked under the thighs. The DXA operator verified
that the participant was properly positioned before starting the scanner. If during scanning it was
apparent that part of the participant's body was outside the scan field, the participant was

repositioned, and the scan restarted.

Figure 24: A volunteer undergoing a whole body DXA scan
Photo credit: Florence Nabwire
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4.3.1.2. Maternal lumbar spine scan

The lumbar spine scan was acquired with the participant lying straight on her back with the spine
centred on the table and shoulders at the upper scan limit line. The shoulders and pelvis were also
aligned in a straight line based on centre line on the scan table. The knee positioning block was then
placed under the participant’s legs and moved inwards until the femurs were parallel with the edge
of the block creating a 45 - 900 angle. The participant was requested to place her arms by her sides,

remain still and to breathe normally during scanning.

Figure 25: A volunteer undergoing a lumbar spine DXA scan
Photo credit: Florence Nabwire

4.3.1.3. Maternal total hip scan

The left hip scan was acquired with the participant lying on her back aligned on the centre line midline
and with the foot positioner between their ankles. The hip was internally rotated 25° and the inner
part of the foot placed against the triangle on the foot positioner. The feet were held in backward
flexion and secured on the foot brace with a strap. The femur was aligned parallel to the edge of scan
table for correct positioning of the neck box for analysis. The leg was then moved away from the
midline in order to straighten the femur. The laser light guide from the scanner was positioned over
the middle of the left thigh below the level of the greater trochanter, and the machine carried out the

measurement.
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Figure 26: A volunteer undergoing a total hip DXA scan
Photo credit: Florence Nabwire

4.3.1.4. Infant whole body and lumbar spine scans

Infant whole body and lumbar spine DXA scans were performed without sedation while the babies
were sleeping. The babies were breastfed and sometimes bathed to help them sleep before
scanning. Both lumbar spine and whole body scans were acquired with the infant in a supine
position. Manufacturer’s guidelines and MUJHU SOPs on safety and positioning of infants on the
scanner were observed. DXA scans were acquired using the automated infant whole-body and
lumbar spine scanning modes (Apex software version 12.3.3; Hologic Inc.). Babies who woke up
partway through the scanning were taken off the table, breastfed and soothed to sleep before a
second attempt. If the second attempt failed, the participants were rescheduled for a repeat scan

within 1 week. A maximum of three tries was attempted to acquire scans at each site.
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Figure 27: A baby being soothed to sleep before a DXA scan
Photo credit: Florence Nabwire

Figure 28: An infant undergoing whole body DXA scan in the supine position.
Photo credit: Florence Nabwire

4.3.2. Quality control for DXA scans

Daily phantom calibration procedures were performed throughout the study before participants
were scanned. Periodic maintenance of the machines was done by the Hologic team based in South
Africa. The long term DXA stability for BMD measurements during the study was +0.5% (Figure 29).
The allowed range for long term stability on Hologic densitometers is £ 1.5% (Lenchik et al., 2002,

Wilson and Smith, 2009).
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Figure 29: Hologic DXA long term aBMD stability chart (Mar 2015-May 2017)
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4.3.3. Grading and evaluation of scans

All the DXA images (~2000 images) were transferred to EWL. Hologic Apex software was purchased to
enable grading and analysis of DXA images. One research assistant (L.O., experienced in scanning,
grading and analysis of Lunar DXA scans for the Nutrition and Bone Health [NBH] group), one
placement student (C.F) and | were trained on grading and analysis of Hologic scans by Dr Kate Ward
(senior research scientist in NBH group at MRC EWL experienced in bone imaging). According to the
standard procedures in NBH group, each scan is scored on a scale of 1-3 for both acquisition (quality
of the image) and scan analysis. At the end of the training, each of us independently graded and
analysed 20 scans according to an agreed-upon scoring system. When the results were compared,
there was no significant difference. See sections 4.2.3.1 and 4.3.2.2. for descriptions of grading

systems used.

For consistency, the placement student graded all maternal whole body scans for mothers and infants.
The research assistant graded all maternal LS, TH and infant LS scans, and also provided day to day
supervision for the placement student. Dr Ward provided overall technical guidance, and | supervised
the whole exercise. After all scans were graded, | randomly checked 10 scans for each skeletal site for
quality assurance. | then exported the data into access, organised into visits, cleaned the data prior to

statistical analysis.

4.3.3.1. Grading the quality of scans

The standard practice in NBH group at EWL is to grade each scan on a scale of 1-3 based on ability to
extract valid data from the scan. The score takes into account the positioning of the subject and
artefacts in the scan caused by movement, clothing and jewellery or the presence of metallic joint

material. The grading scale for scan acquisition is presented below:
Grade 1: perfect scans, unaffected by the above considerations.

Grade 2: scans affected by one or more of the considerations above but the effect was judged
less likely to affect the resultant data. Other reasons to grade a scan as a grade 2 included
arms tucked into the fat tissue around the hips for bigger women, lumbar spine not straight,
toes cut off from the whole body scan or for infant scans overlap of the hind and forearm in

whole body scan.

Grade 3: scans in which one or more of the above considerations were deemed to have

affected the scan quality and the ability to generate valid data.
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All grade 3 scans were excluded from the reported DXA data. One maternal LS scan (PP14) and three
WBLH scans (1 at PP2, and 2 at PP14) were grade 3. Two women with short femoral necks were not
excluded because the study was interested in total hip bone mineral and not the femoral neck. For

infants, one LS scan (PP2) and 24 WB scans (14 at PP2 and 10 at PP14) were grade 3.

4.3.3.2. Scan analysis

Each scan was assigned an analysis grade from 1-3 as per standard practice in NBH group. Analysis
grade was based on clarity of the scan image, ability to position lines for the region (s) of interest,
movement and detection of bone edges in the scan. Where necessary, scans were reanalysed before

grading, and this was noted on the grading sheet. Below is the grading scale for scan analysis.
Grade 1: scans had little or no movement.

Grade 2.Scans in which movement was discernible but not considered extensive enough to

affect data validity.

Grade 3: Scans in which movement by the subject was deemed to have substantially affected

the ability to extract valid data.

Hairstyles containing artificial hair extensions (braids and weaves) were common among women and
also changed from visit to visit. The hair extensions could not be removed before scanning. The
density of artificial hair is similar to soft tissue and thus anticipated to affect whole body DXA
measurements in the head region. Therefore, all maternal whole body DXA measurements were
analysed “less head” and are reported as whole body-less-head (WBLH). Hamill et al. used a similar

approach in urban South African women (Hamill, 2013, Hamill et al., 2017).
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4.4, Collection and handling of biological samples

4.4.1. Two-hour fasted blood and urine collection in mothers

The two-hour fasting blood and urine collection protocol were followed for mothers to assess renal
phosphate handling (Nordin and Smith, 1965), one of the mechanisms implicated in bone loss
among HIV-infected persons on TDF-based ART. The samples were also used for assays of other
markers of bone metabolism. This protocol has been routinely used in NBH’s studies in The Gambia,

Bangladesh, China and UK. Sample collection form attached in Appendix 9.

Women came for the study visit in the morning after overnight fasting for at least eight hours. On
arrival at the clinic, the mother was asked to void their bladder at the start of the two hours and
then given 500ml of clean potable water. The participant was instructed to drink all the water within
the two-hours of fasting to facilitate adequate urine production. At one hour into the fasting
protocol, a trained phlebotomist collected 20ml of venous blood from the arm into appropriate
blood tubes using standard procedures. Blood collection tubes (manufacturer BD) were used, and
the following recommended order of draw was observed: serum separating tube with the yellow top

(SST, 4ml), lithium heparin with green top (LH, 12ml), EDTA with the purple top (EDTA, 4ml).

At the end of the two hours, the participant was asked to completely empty their bladder into a
disposable 500ml specimen bucket (Polypropylene + Lid White). The specimen buckets were
supplied by Scientific Laboratory Supplies (SLS) the UK and were disposable/single use to avoid
cross-contamination of samples, and also then avoided the need to acid wash the containers to
remove contamination by calcium and phosphate residues. Participants were discouraged from
emptying their bladder partway through the protocol unless it was absolutely necessary to ensure
they had a urine sample at the end of two hours. Those who needed to empty their bladders
partway during the two hours were asked to collect the urine and also asked to empty their bladder
at the end of two hours. The total volume of urine produced over the two hours was thoroughly
mixed and measured. The participant was offered breakfast after completing the two hours-fasting

protocol.
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4.4.2. Collection of blood from infants

Non-fasted venous blood samples were collected in infants to analyse markers of growth and bone
development. A trained phlebotomist collected 2 ml of venous blood from the arm into a 2ml BD
Plain Serum Tube (PST, red top) as per the study protocol. Approved phlebotomy procedures for
infants were followed as per the Baylor-Uganda laboratory SOPs in place. The mothers were

encouraged to breastfeed their infant during phlebotomy.

4.4.3. Handling and processing of blood samples

The urine and blood samples (EDTA and lithium Heparin) were kept in a cool box with ice packs and
transferred to the laboratory where they were held in the fridge at 8-12°C while awaiting processing.
Blood samples collected in SST and PST tubes were kept at room temperature for at least one hour
after collection for maximum clotting before processing. All blood samples were centrifuged within
two-hours of the collection at 4°C/3000rpm. Disposable pipette tips were used to prepare aliquots
into free-standing screw cap microtubes (manufactured by Axygen and supplied by SLS, UK). Washed

red blood cell pellets were harvested from the EDTA blood sample at PG36 and PP14.

The following aliquots were prepared: Serum (1.0ml aliquots, two aliquots from the maternal sample
and one aliquot from infant sample), lithium heparin plasma (four aliquots of 1.5ml), EDTA plasma
(two aliquots of 1.0ml), and washed blood cells (one aliquot of 1.0ml). The plasma and serum
aliquots were stored at -80°C and washed red cells at -20 °C. All the samples were stored at these
temperatures until the time of shipping on dry ice to EWL for analysis (sample processing and

storage form attached in appendix 11).

4.4.4. Handling and processing of 2-hour urine samples

The 2-hour fasting urine samples were kept in a cool box with ice packs at the collection site. They
were later transferred to the laboratory and held at 8-12°C in the fridge while awaiting processing.
All urine samples were processed within 3 hours after collection. The urine in 500ml specimen
buckets was swirled to mix before opening the container. In instances where the participant

collected more than one bucket of urine, the urines were mixed before preparing aliquots.

Four 5ml aliquots were prepared into plain blood tubes (5ml Sterillin Blood Tube PP with Label,
supplied by SLS, CAT No. TUB0032 and TUB0012). Disposable pipette tips were used to prepare the
aliquots. Two of the aliquots were immediately capped and stored un-acidified. The other two

aliquots were acidified with 1 drop (50pl) each of 37% concentrated hydrochloric acid (SIGMA,
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Specific gravity 1.18; 12 Molar) and capped. All the urine aliquots were stored at -80C until shipping
to EWL for analysis.

Standard urinalysis tests were performed using dipsticks on the leftover urine samples in the
specimen bucket after preparing aliquots. This was to screen for urinary tract infections. Diagnosis
of a UTI was based on the presence of both leucocytes and greater than five pus cells per high power
field (hpf). All participants with abnormal urinalysis results were referred to antenatal medical staff
for appropriate treatment and further investigations. Women diagnosed with UTIs received
appropriate treatment, and the study paid for the medication prescribed by the antenatal staff. The
8 women who had protein in the urine, in the absence of a UTI, had their BP checked and
hypertension/pre-eclampsia was ruled out. One woman whose urine contained glucose had a

glucose tolerance test, and diabetes was ruled out.

The total volume of urine left in the specimen bucket was then measured using a 500ml measuring
cylinder and recorded. Then, 20ml (for aliquots) was added to the volume to obtain the final total
volume of urine that was recorded for the participant. The urine in the specimen bucket was
discarded and the container disposed of as per the laboratory standards of operation. The

measuring cylinders were cleaned according to laboratory infection control procedures.

Figure 30: Laboratory staff and | (in green lab coat) processing biological samples
Photo credit: Dr Gail Goldberg
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4.4.5. Collection and handling of breastmilk

Breastfeeding mothers were requested to hand express 10ml (5ml from each breast) into plain
blood tubes (5ml Sterillin Blood Tube PP with Label, supplied by SLS, CAT No. TUB0032 and
TUBO0012) (appendix 10). Prior to the procedure, the women were taught how to hand express
breast milk and supported to do so where necessary. The breast milk samples were kept in a cool
box with ice packs while awaiting transfer to the laboratory at Baylor-COE. The samples were stored

at -80C while awaiting shipping for analysis at MRC EWL in Cambridge, UK.

Figure 31: A volunteer hand expressing breastmilk into a tube

Photo credit: Lilian Birungi
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4.5. Laboratory methods at EWL in Cambridge

All biological samples were airfreighted to the UK on dry ice and delivered to MRC EWL in
Cambridge. All samples were received in good condition and stored at the same temperature as in
Uganda. Laboratory assays were carried by trained staff in the NBH and Nutritional BioAssays (NBA)

laboratories at EWL (previously HNR).

EWL places a strong emphasis on assuring the quality of its research activities. Quality assurance is
governed by local management systems and external audit of specific research activities where
required. There is a Quality Management System, certified to 1ISO 9001:2008 (since January 2006),
which is maintained to control and monitor performance and to continually improve effectiveness.
HNR is externally audited twice annually by Lloyd’s Register Quality Assurance to ensure compliance
with the requirements of ISO 9001:2008. The laboratories at EWL are accredited by both UK National
External Quality Assessment Scheme (NEQAS) and Vitamin D External Quality Assessment Scheme

(DEQAS).

All laboratory assays were measured using standard methods, and relevant quality control
samples/materials were used. All the assays were within the specified range, and the mean intra-

assay variation was 4% for all assays (a sample QC plot is presented in Figure 32).
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Figure 32: Laboratory QC data for plasma phosphate
The plots represent commercial controls (Nortrol, Abitrol and Roche) and NBH lab internal control sample (LHQC).
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4.5.1. Bone turnover markers (BTM)

45.1.1CTX

Type | collagen accounts for >90% of the organic bone matrix and is synthesised primarily in bone. C-
terminal cross-linked telopeptide of collagen | (CTX) is a peptide fragment generated by collagen
degradation during bone renewal and thus an important marker of bone resorption. CTX is highly
affected by circadian rhythm, but the variation is reduced when samples are collected in a fasting
state (Ju et al., 1997, Christgau, 2000). It can be measured in serum or 24hr urine. However,
measurement in serum is preferred because it avoids the variation introduced by correction for

creatinine excretion giving better reproducibility of the results (Hlaing and Compston, 2014).

In the Gumba study, CTX was assayed using the IDS iSyS platform (Immunodiagnostics Systems Ltd,
Tyne and Wear, UK). The samples were analysed as singletons. The assay is based on
chemiluminescence technology utilising two highly specific monoclonal antibodies. The antibodies
are against the amino acid sequence of EKAHD-B-GGR where the aspartic acid residue is (D) B-
isomerised. Two chains of EKAHD-B-GGR must be cross-linked in order to obtain a specific signal in

the assay.
4.5.1.2. PINP

Procollagen type 1 N-terminal propeptide (P1NP) is the amino terminal of type | collagen formed
outside the cell by proteolytic cleavage. Type 1 collagen is initially synthesised as type 1 procollagen
and constitutes 90% of bone proteins. PINP is the most specific and sensitive marker of bone
formation. It circulates in blood as the intact original trimeric PANP monomer and dimer or as one of
several fragments. Intact PLNP has a half-life of 10 hours and is very unstable at body temperature
hence rapidly degrades into the stable monomeric and dimeric forms (Samoszuk et al., 2008). The
release of P1NP is unaffected by food intake or diurnal variation and is stable at room temperature

for up to 5 days (Garnero et al., 2007).

In the Gumba study, PANP was assayed using the IDS iSyS platform (Immunodiagnostics Systems Ltd,
Tyne and Wear, UK). The samples were analysed as singletons. The assay is based on
chemiluminescence technology which uses a biotinylated anti PLNP monoclonal antibody; an
acridinium labelled antibody, streptavidin labelled magnetic particles and an assay buffer. After a
series of steps, the acridinium label emits light which is proportional to the intact PLNP

concentration in the sample.
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4.5.1.3. Total alkaline phosphatase (ALP)

Alkaline phosphatase (ALP) is an enzyme that catalyses the alkaline hydrolysis of a large variety of
substrates. ALP is present in practically all tissues of the body (especially cell membranes) and occurs
at particularly high levels in the intestinal epithelium, kidney tubules, bone (osteoblasts), liver and
placenta. The enzyme is closely associated with the calcification process in bone. Physiological bone
growth elevates total ALP (TAP) in serum, and this increase accounts for the fact that ALP enzyme
activity is 1.5-2.5 times greater in sera of growing children compared to normal adult serum. TALP
concentrations are also elevated during pregnancy due to increased placental synthesis, thus may
not necessarily reflect the bone calcification process. Among bone diseases, the highest levels of ALP
are observed in Paget’s disease (10-25 times the upper limit of normal are not unusual). Very high
levels are also present in patients with oestrogenic bone cancer. TAP levels are generally low in

osteoporosis (Burtis and Ashwood, 2001).

In the Gumba study, plasma TAP was analysed on a Konelab analyser (Thermo Fischer Scientific,
Vantaa, Finland) using Thermo Scientific kit based on IFCC plus method at 37 °C . The principle of the
assay is that ALP catalyses the formation of p-nitrophenyl phosphate in alkaline solution and the
formation of p-nitrophenol is measured at 405nm. The samples were analysed in duplicate as part of
the clinical biochemistry described in section 4.3.1. The measurement range of the assay is 20-1000
U/1, and the detection limit is 1.0 U/l (Burtis and Ashwood, 2001). The expected normal values in
adults are 35-105 U/l at 37°C. The reference range for non-pregnant women is 33-96 U/l and 38-
229U/1 during the third trimester of pregnancy (perinatology.com, 2010).

4.5.1.4. BALP

Bone-specific alkaline phosphatase is produced by osteoblasts and is a marker of bone formation.
Serum levels of BAP are believed to reflect the metabolic status of osteoblasts (Immumaodiagnostic
Systems Limited, 2015). Serum BALP was quantified using the Microvue BAP Assay which has low
cross-reactivity with the liver enzyme (Quidel Corporation, Athens, USA). The samples were analysed

in singleton.
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4.5.2. Vitamin D and calciotropic hormones

4.5.2.1. 25 hydroxy-vitamin D

Vitamin D is a fat-soluble steroid hormone which plays a major role in calcium metabolism. Two
forms of vitamin D have been identified. Vitamin D (ergocalciferol) is the plant source synthesised
from ergosterol. Vitamin D3 (cholecalciferol) is synthesised in the skin from 7-dehydrocholesterol (7-
DHC) under the influence of UVB sunlight and is the main source in animals. The rate of synthesis of
vitamin Ds in the skin is determined by the intensity of UVB and skin pigmentation. Melanin,
sunscreen and clothing block UVB. UVB in available in sunlight all year round along the equator and
the tropics, but the intensity decreases in temperate zones; such that, UVB is minimal during winter

in the northern and southern latitudes (Mdller et al., 2011).

Vitamin D (both D, and Ds) is hydroxylated by several hydroxylase enzymes, of which 25 hydroxylase
is the most important, to form 25 hydroxyvitamin D (25(OH)D) in the liver. 25(0OH)D is further
hydroxylated in the kidneys by 1-a hydroxylase to form 1, 25-dihydroxyvitamin D (1,25(0H).D),
which is the active metabolite. 25(0OH)D has a longer half-life compared to 1,25(0OH).D, and thus
commonly used as an indicator of vitamin D status because it includes dietary and endogenous
sources, and the circulating supply (Miller et al., 2011). The Institute of Medicine (IOM) and the UK
Scientific Advisory Committee on Nutrition (SACN) recommend serum 25(0OH)D above 25 nmol/L to
maintain bone health. However, there is lack of consensus on adequate serum 25(0OH)D

concentrations for non-skeletal functions (SACN, 2016).

Assays for 25(0OH)D have evolved over time from manual competitive protein binding assays to now
fully automated assays. The newest methods are based on Liquid Chromatography-Mass
Spectrometry (LC-MS). The debate is ongoing on the metabolite that best represents functional
vitamin D status. These methods give different results, and even the same method in different labs
gives different results, hence need for standardisation through the DEQAS (the vitamin D Quality
Assessment Scheme and VDSP (Vitamin D Standardization Program). Carter et al. present a detailed
review of vitamin D assays from a historical perspective of DEQAS and VDSP (Carter et al., 2017).
EWL participates in both DEQAS and VSDP and the assay methods used are validated and
standardised. It also has the capacity to quantify 25(OH)D using several assays including LC-MS
method.
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In the Gumba study, 25(0OH)D was analysed using DiaSorin chemiluminescent immunoassay (Liaison;
DiaSorin Inc., Stillwater, MN, USA) in duplicate. The Vitamin D Assay Kit is an ELISA method is based
on the principle of competitive binding. This method has been validated to be accurate and precise

(Wagner et al., 2009, Enko et al., 2015).
45.2.2. PTH

Parathyroid hormone is a polypeptide hormone of 84 amino acids secreted by the chief cells in the
parathyroid glands (Keutmann et al., 1978). The hormone is produced in response to low serum
calcium and acts on both bone and the kidneys to restore serum calcium levels to normal. Thus PTH
plays a major role in skeletal and mineral metabolism especially bone remodelling, renal 1,25(0H)D
production and renal calcium and phosphate handling (Potts, 2005). PTH has two terminals, C and
N. Biologically active PTH is found in the N-terminal region. C-terminal is bound to C-PTH receptor,
and it exerts biological action opposite to classical action of PTH on the bone and kidneys. PTH has a
half-life of 2-4 minutes and is rapidly degraded into C-terminal fragments which accounts for 80% of

circulating PTH (Komaba et al., 2009).

High circulating plasma concentration of PTH, hyperparathyroidism, is associated with increased
bone loss. Renal impairment, vitamin D deficiency, low calcium intake and medication are among
the causes of hyperparathyroidism (Stein et al., 1996). Thus, measurement of PTH is important for
the diagnosis of disorders in calcium metabolism (hypercalcemia and hypocalcemia). PTH assays
have evolved from measurement of C-terminal (amino acids 39-84) and N terminal regions (amino
acids 13-34) to the measurement of full length (intact or whole) PTH which is of clinical relevance.
Komaba et al. have extensively discussed the generations of PTH assays over time (Komaba et al.,
2009).

In the Gumba study, plasma intact PTH was assayed using the IDS iSyS platform (Immunodiagnostics
Systems Ltd, Tyne and Wear, UK). The samples were analysed as singletons. The method is based on
chemiluminescence technology in which two polyclonal antibodies against human PTH are utilised.
An antibody recognising the C-terminal region is used as the capture antibody, and an acridinium
conjugated recognising the N-terminal is used for detection. In addition, the full-length PTH (amino
acids 1-84) are also detected. The expected normal values are 8-51pg/mL in non-pregnant women
and 9-26 pg/mL during the third trimester of pregnancy (Abbassi-Ghanavati et al., 2009,
perinatology.com, 2010).
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4.5.3. Blood and urine clinical biochemistry

All plasma and urine clinical biochemistry assays were measured in the NBH laboratory by standard
methods on a Konelab analyser (Thermo Fischer Scientific, Vantaa, Finland). Low, medium and high
control samples supplied by the kit manufacturers [Roche serum control (Roche Diagnostic
Corporation, Indianapolis, USA), Lyphochek (Bio-Rad Laboratories, Herts, UK), NEQAS Clin Chem
(Birmingham, UK)] and an internal plasma drift controls were used for quality assurance. The

samples were analysed in duplicate with controls at the beginning and the end of each run.
4.5.3.1. Plasma albumin

Albumin is the most abundant protein in human plasma accounting for approximately one half of
plasma protein mass. It has no carbohydrate side chains, but it is highly soluble in water due to its
high net negative charge at physiological value. Albumin is synthesised by the hepatic parenchymal
cells. Its rate of synthesis is under primary control by the colloidal osmotic pressure (COP) and
secondary control by protein intake. The normal plasma half-life of albumin is about 15-19 days. The
primary function of albumin is the maintenance of COP in both vascular and extravascular spaces. It
also binds and transports a large number of compounds (Burtis and Ashwood, 2001). Increased
levels of albumin are present in acute dehydration but have no clinical significance. Decreased levels
are seen in many clinical conditions including, inflammation, and hepatic disease, urinary excretion,
protein-energy malnutrition, e.g. associated with wasting in HIV, oedema and ascites (Thermo Fisher
Scientific Inc, 2009). In HIV-infected persons, serum albumin concentrations have been associated

with progression of HIV- disease and mortality (Feldman et al., 2000, Mehta et al., 2006).

In the Gumba study, plasma albumin (P-Alb) was measured using a Thermo Scientific kit based on
the bromocresol purple (BCP) method. The principle of this assay is that albumin reacts with BCP
dye to form a coloured product. The formed colour intensity is measured at 600 nm and is
proportional to the concentration of albumin in the sample (Pinnell and Northam, 1978). The
measurement range for the assay is 4-6 g/L, and the minimum level of detection is 2 g/L (Thermo
Fisher Scientific Inc, 2009). The expected normal values for serum/plasma in adults is 35-52 g/L. The
normal ranges during the third trimester of pregnancy and in non-pregnant women are 2.3-4.2 g/L

and 4.1-5.3g/L, respectively (perinatology.com, 2010).
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4.5.3.2. Plasma and urine creatinine

Creatinine is a product of the breakdown of creatine and creatine phosphate. Creatine is synthesised
in the kidneys, liver and pancreas; and transported in the blood to other organs like the brain and
muscles. About 1-2% of muscle creatine is converted to creatinine daily and the amount produced is
proportional to muscle mass and also varies with ethnicity, age and sex. Given the same glomerular
filtration rate, men have higher creatinine concentrations compared to women, muscular individuals
have higher levels than less muscular individuals, and younger persons have higher levels than the
elderly. Depending on the individual’s meat intake, diet may influence the value by about 10%, but
this causes only a minor variation in daily creatinine excretion in an individual. Creatinine excretion is
fairly constant hence used as a proxy for renal function (estimated glomerular filtration rate, eGFR)
and also to correct for urine concentration. High creatinine levels are found in acute and chronic

kidney insufficiency and dehydration (Burtis and Ashwood, 2001).

In the Gumba study, plasma and urine creatinine concentrations (P-Cr and U-Cr respectively) were
measured by the compensated Jaffe' method where creatinine forms a red colour with an alkaline
picrate solution (Jaffe, 1886). The method measures the rate at which creatinine forms the red
complex. The intensity of the formed complex is measured at 510nm. The measuring ranges for the
assay for plasma/serum and urine are 10-800 umol/l and 0.5-40.8mmol/I, respectively. The
detection limit for the assay is 5 umol/I. The expected normal values are about 45-90 umol/L for

women and 60-110 umol/L for men (Thermo Fisher Scientific Inc, 2012).

4.5.3.3 Plasma and urine phosphate

Phosphate in serum exists as both monovalent and divalent anions. Approximately, 10% of
phosphate in serum is bound to protein, 35% is complexed with Na, Ca and Mg and the remainder
are free. Inorganic phosphate is a major component of hydroxyapatite in bone. Phosphate also has a
critical role in high-energy phosphate bonds. In soft tissues, most phosphate is organic and
incorporated into cellular macromolecules. Phosphate is an essential element in phospholipid cell
membranes, nucleic acids and phosphoproteins, gene transcription and growth.
Hypophosphataemia is common in hospitalised individuals often caused by carbohydrate-induced
stimulation of insulin secretion, which enhances transport of phosphate into cells. Respiratory
alkalosis and renal phosphate wasting may also cause hypophosphataemia. Hyperphosphataemia is
usually related to renal failure. A decrease in glomerular filtration limits the renal excretion of

phosphate, and hyperphosphataemia develops (Burtis and Ashwood, 2001).
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In the Gumba study, plasma and urine phosphate concentrations (P-PO, and U-PO. respectively)
were measured by a Thermo Scientific kit based on the ammonium molybdate method. This is based
on the principle that phosphate forms a phosphomolybdate complex with ammonium molybdate in
acidic medium. The absorbance at 340nm is directly proportional to the concentration of inorganic
phosphate in the sample (Daly and Ertingshausen, 1972). The measurement ranges for the assay for
plasma/serum and urine are 0.08-4.00 mmol/l and 2.5-84 mmol/I, respectively. The expected
normal values are 0.87-1.45 mmol/l in plasma/urine and 12.9-42.0mmol/24hr in urine (for
individuals on non-restricted diets). The detection limit for the assay is 0.03 mmol/ (Thermo Fisher

Scientific Inc, 2013). Urine phosphate-creatinine ratio (UPO4/Cr) was calculated using the equation:
U-PO4/Cr = [[U- PO4]/ [U-Cr]

Where U-PO, = urine phosphate and U-Cr = urine creatinine each in mmol/L.

4.5.3.4. Plasma and urine calcium

Calcium is found mainly in the skeleton with small amounts in the soft tissue and extracellular fluid.
In blood 50% of the plasma calcium (P-Ca) is free, 40% is protein-bound, and 10% is complexed.
About 80% of protein-bound calcium is associated with albumin, and the remaining 20% is
associated with globulins. Extracellular calcium provides calcium ions for maintenance of
intracellular calcium, bone mineralisation, blood coagulation and maintenance of plasma membrane
potential. Calcium is also important in muscle contraction and second messenger affecting enzyme

activity and hormone secretion.

A decrease in the free plasma calcium concentration causes increased neuromuscular excitability.
Low total serum calcium (hypocalcemia) may be due to either a reduction in the albumin-bound or
free fraction of calcium. Hypoalbuminemia is the most common cause of hypocalcemia. Serum
calcium levels may also be low due to magnesium or vitamin D deficiency, hypoparathyroidism or
acute pancreatitis. High serum calcium values (hypercalcemia) are commonly due to an increased
influx of calcium into the extracellular fluid compartment from the skeleton, intestine, or kidney

(Burtis and Ashwood, 2001) .
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In the Gumba study, plasma and urine calcium concentrations (P-Ca and U-Ca respectively) were
measured using the Thermo Scientific kit based on the Arsenazo Ill method. The principle of this
assay is that calcium ions form a highly coloured complex with Arsenazo Il at a neutral pH. The
amount of the complex is measured at 660nm. The measuring range for the assay is 0.70-4.00
mmol/l. An extended measurement ranges of 0.70-12.00 mmol/I can be achieved after secondary

dilution of the sample. P-Ca was normalised for albumin using the Payne equation:
Adjusted P-Ca= Measured P-Ca+ ([40-plasma albumin]*0.02).

The expected normal range in serum/plasma in adults is 2.15-2.57 mmol/L, and the detection limit is

0.02 mmol/I (Thermo Fisher Scientific Inc, 2007).

Four participants had implausible P-Ca concentrations and their data were excluded from analysis (2
HIV positive -6.27 and 3.25 at PP14) and 2 HIV-negative (3.35 at PG36, 7.53 at PP14). The four
samples could have been contaminated during processing. Their inclusion in the analysis increased

the standard error of the means but did not change the interpretation of results.

Calcium excretion in urine can be measured by the ratio in a random sample or 24hr urine. Calcium
excretion increases with increases in plasma calcium and PTH enhances tubular reabsorption of
calcium. Urinary calcium-creatinine excretion ratio is usually less than 0.05, and 24hr urine gives a
more accurate estimation than a random urine sample (Nordin and Smith, 1965). In clinical settings,
hypercalcemia is diagnosed by the ratio of calcium to creatinine concentrations (UCa/Cr) in a spot

sample (preferably fasted).

In the Gumba study, UCa/Cr was calculated based on 2-hour fasted urine sample using the equation:
U-Ca/Cr = [U-Ca] / [U-Cr]

Where U-Ca = urine calcium and U-Cr = urine creatinine each in mmol/L.

A total of 41 urine samples (7 PG36 and 34 PP14) had calcium concentrations below the detection

limit and were assigned half a detection (0.01 mmol/I).
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4.5.5.8. Plasma and urine magnesium

Approximately, 55% of the total body magnesium is in the skeleton, and the remainder is
intracellular, where it is the second most prevalent cation. Within the cells, magnesium is bound
primarily to proteins and negatively charged molecules. In serum, about 55% of magnesium is free,
30% is associated with proteins, and 15% is complexed with phosphate, citrate and other anions.
Extracellular magnesium provides magnesium for the maintenance of intracellular concentration

(Burtis and Ashwood, 2001).

Magnesium is a co-factor for over 300 enzymes. It is essential for vitamin D synthesis, transport and
activation, and for bone mineralisation by acting directly on bone cells and indirectly via PTH. A
decrease in serum magnesium concentration results in muscular excitability. Magnesium deficiency
may arise from intestinal caused by diarrhoea or malabsorption, so HIV-infected persons with
advanced disease are at risk of deficiency. Urinary magnesium loss occurs in alcoholism and diabetes
mellitus, with the use of certain drugs and with increased sodium and calcium excretion (Burtis and
Ashwood, 2001).

In the Gumba study, plasma and urine magnesium (P-Mg and U-Mg respectively) was measured by a
Thermo Scientific kit based on the xylidyl blue | method. The principle of the assay is that magnesium
reacts with the sodium salt of xylidyl blue I (4-hydroxy-3[2-hydroxy-3-(2, 4 dimethyl phenyl
aminocarbonyl)-1-naphthylazo] benzene sulfonic acid) to form a red complex in alkaline solution.
The absorbance at 510nm of the red complex is proportional to the concentration of magnesium in
the sample. Interference by calcium is prevented by EGTA (ethylene glycol-bis (B-aminoethyl ether)-

N,N,N',N'-tetraacetic acid), also known as egtazic acid (Baginski et al. 1982).

The measurement range for the assay is 0.05-1.5 mmol/l. An extended measuring range of 0.05-10.9
mmol/l can be achieved after secondary dilution of the sample. The detection limit for the assay is
0.03 mmol/I. The expected normal values in serum/plasma are 0.66-1.07 mmol/L and normally
higher in women during menses (Thermo Fisher Scientific Inc, 2014). Urine magnesium-creatinine

ratio (UMg/Cr) was estimated using the equation:
U-Mg/Cr = [[U-Mg] / [U-Cr]

Where U-Mg = urine magnesium and U-Cr = urine creatinine each in mmol/L.
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4.5.4. Renal function and mineral handling

4.5.4.1. Estimated glomerular filtration rate (eGFR)

Estimated glomerular filtration rate (eGFR) was calculated based on plasma creatinine
concentrations using the Chronic Kidney Disease —Epidemiology Collaboration (CKD-EPI) equation for
females without the correction for black ethnicity (Levey et al., 2009). The overall CKD equation for

eGFRis:
eGFR (mL/min/1.73m?) = 141 x minP¢/k, 1)* x max(Pcr/k, 1)12% x 0.993%¢ x 1.018 [if female]

Where P¢; =plasma creatinine in pmol/L; k=0.7 and is a constant for females; min indicates the
minimum of P¢; /k or 1, and max indicates the maximum of P¢./k or 1.
However, for ease of calculation, the following simplified CKD-EPI equations for white women (not
black ethnicity) were used in the Gumba study:

For P-Cr <62umol/L, eGFR (mL/min/1.73m?) = 144 x (P/0.7)°32° x (0.993)"e

For P-Cr 2 62umol/L, eGFR(mL/min/1.73m?) = 144 x (P/0.7)12%° x (0.993)"e

The CKD-EPI equation performs better than the Modified Diet in Renal Disease (MDRD) equation in
healthy individuals. It has also been validated in African populations (Kenya and South Africa) and
reported to perform better than MDRD and Cockcroft-Gault equations when the correction for black

ethnicity is omitted (van Deventer et al., 2011, Wyatt et al., 2013).

4.5.4.2. Renal Tubular Maximum for Reabsorption of Phosphate (TmP)

In 1969, Bijvoet introduced the use of renal tubular maximum for reabsorption of phosphate (TmP)
dived by GFR to help distinguish hypercalcaemia due to hyperparathyroidism from other causes of
hypercalcaemia (Bijvoet, 1969). TmP/GFR measures the maximum renal tubular phosphate
reabsorption in mass per unit volume of glomerular filtrate (Payne, 1998). Over the years, assays for
intact parathyroid hormone (PTH) have superseded the use of TmP/GFR in diagnosis of disturbances
in calcium homeostasis, although the index is still clinically useful in diagnosis of disturbances in
phosphate homeostasis. Unlike earlier indices of renal phosphate handling such as phosphate
excretion index (PEl) and the index of phosphate excretion (IPE), only TmP/GFR has a physiological
basis. TmP/GFR It is not influenced by factors which affect plasma phosphate concentrations, i.e.
GFR and rate of release of phosphate from bones, gut and other cells into the extracellular space.
Therefore, TMP/GFR is the most important index of renal phosphate excretion for diagnosing

disorders in renal phosphate handling and has replaced both PEI and IPE (Payne, 1998).
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Calculation of TmP/GFR is based on phosphate concentrations in blood and urine and follows several
steps. The first step is calculation of the ratio of phosphate clearance to creatinine clearance
(PO4CI/CrCI). PO4CI/CrCl is a measure of the proportion of filtered phosphate that is not reabsorbed
by renal tubules. This is based on the principle that creatinine clearance is approximately the same
as glomerular filtration rate (GFR). Renal reabsorption of filtered phosphate occurs primarily in the
proximal tubules, and the process is regulated by PTH. Low PO.CI/CrCl is associated with

hypoparathyroidism and high values with hyperparathyroidism.

PO4CI/CrCl is measured in two hours fasted urine or spot urine as the formula does not require the

total volume of urine (Nordin and Smith, 1965).

P-PO4CI/CrCl = (Up X PCr)/ (Pp X UCr)

Where Pr = plasma phosphate, Up = urine phosphate, P¢r = plasma creatinine and Ug; = urine
creatinine each in mmol/L. UP/Cr varies with plasma phosphate concentration but most values fall
between 0.05 and 0.15. The corresponding normal tubular reabsorption for phosphate (TRP) is 85-
95%. When Cp/C¢; is subtracted from 1.0, it gives TRP.

Thus, TRP= 1 = [(Up X Pc)/ (P X Ugr)] x 100%

The maximum reabsorption of phosphate (TmP) is reached when the concentrations of phosphate in
plasma and the glomerular filtrate are equal. Thus TRP multiplied by plasma phosphate gives the
maximum reabsorption of phosphate per unit volume of glomerular filtrate (TmP/GFR) (Nordin and
Fraser, 1960, Barth et al., 2000).

If TRP is 0.86 or less, then TmP/GFR = TRP X plasma phosphate (Pr)

If TRP greater than 0.86, then TmP/GFR = 0.3 x TRP/ [(1-0.8XTRP)] X plasma phosphate (Pr)

The Gumba study used the above procedures to calculate TmP/GFR and the results are presented in

mmol/mmol.
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4.5.4.3. Renal Tubular Maximum for Reabsorption of Calcium (TmCa)

Renal tubular maximum for reabsorption of calcium (TmCa) measures the maximum rate of renal
calcium reabsorption which cannot be exceeded i.e when the concentration of calcium in plasma
and glomerular filtrate are equal (Nordin et al., 1976, Need et al., 1985). TmCa is commonly reported
per unit volume of glomerular filtrate (GFR). TmCa/GFR is not affected by factors that affect plasma
calcium concentrations i.e the rate of flow of calcium into the extracellular space from gut or bone,
filtration of calcium through the glomeruli and tubular reabsorption of calcium. It is therefore useful
in defining the mechanism of hypercalcaemia or hypocalcaemia in any given individual (Nordin et al.,

1976).

In the Gumba study TmCa/GFR is calculated using the equation below derived by (Nordin et al.,
1976):

TmCa/GFR = (0.56 P-Ca) - CaE] /[ 1 - 0.08 log e(0.56 P-Ca/CaE)] mmol/l GF

Where: TmCa, tubular maximum for calcium reabsorption (mmol/I of glomerular filtrate (GF)); P-Ca,
plasma total calcium concentration (mmol/l) (uncorrected for albumin); P-Cr, plasma creatinine
concentration (mmol/I); (UCa/UCr), fasting urinary molar calcium creatinine ratio; Cak [(UCa/UCr) X
PCr], calcium excretion (mmol/I of GF). The term (0.56 P-Ca) is an approximation to the plasma

ultrafiltrable calcium concentration.

4.5.5. Breastmilk mineral content

4.5.5.1. Breast milk calcium and phosphorus

Calcium and phosphorus occur in various compartments in breast milk. The fat layer contains a
significant proportion of calcium. Phosphorus is mainly in the aqueous layer, but recovery in clarified
breast milk samples is only 30-40%. Thus, quantification of total calcium and phosphorus requires
whole milk (Laskey et al., 1991). Dorea reviewed studies conducted on breast milk calcium and
phosphorus between the years 1949-1999. The median breastmilk concentrations were 252 mg/L
(range: 84 -462 mg/L) for calcium (median) and 143 mg/L (range: 17- 278 mg/L for phosphate. The
median calcium/phosphate ratio (Ca/P) was 1.7 (range: 0.8 to 6). The variation in breast milk calcium

concentrations was found to be higher compared to phosphorus concentrations (Dorea, 1999).

In the Gumba study, breast milk calcium and phosphorus were analysed in samples from the left
breast using the semi-automated micro method developed by Laskey et al. (Laskey et al., 1991).
Whole breast milk samples were warmed to 40°C, and then aliquots of 20uL prepared into acid

washed tubes. The tubes were then frozen, freeze-dried and ashed in a muffle furnace at 400-500°C.
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Next, the samples were cooled and digested with 0.5ml of 0.2 mol/L hydrochloric acid (Laskey et al.,
1991). Prepared samples were analysed in duplicate on a Konelab analyser (Thermo Fischer
Scientific, Vantaa, Finland) using Thermo Scientific kits for P-Ca (Arsenazo Ill method) and phosphate

(ammonium molybdate method) as discussed in sections 4.2.5.5 and 4.2.5.6, respectively.
4.5.5.2. Sodium (Na) and potassium (K)

Breast milk contains about 5-6 mmol/L of sodium (Aperia et al., 1979) and this concentration is
tightly regulated. Breast milk sodium concentration is high within the first 3 days postpartum and
progressively decreases with the transition to mature milk (about 2 weeks postpartum). The
reduction in breast milk sodium concentration is due to the closing of the tight junctions between
the mammary alveolar cells which separate milk from plasma and intercellular fluid. Afterwards,
there is minimal diurnal variation in breast milk sodium and also no significant difference between
the breasts or beginning and end of a feed in healthy women (Koo and Gupta, 1982). Maternal

sodium intake does not affect breast milk concentration (Ereman et al., 1987).

During mastitis, there is inflammation of breast tissue and opening of the tight junctions allowing
plasma and intercellular fluid to enter breast milk through the paracellular pathways between alveoli
cells (Prentice et al., 1985). Thus, elevated breast milk sodium is a sensitive indicator of mastitis
and/or subclinical mastitis. Due to complexities in the collection of breast milk and potential
variations due to collection protocols used, breast milk sodium: potassium ratio is commonly used to
permit the use of spot milk samples without consideration of time of sampling, use of fore or
hindmilk, or time since the infant was last fed. Elevated sodium: potassium ratio (>1.0) is an
indicator of mammary epithelial permeability and/mastitis/subclinical mastitis (Filteau et al., 1999,

Kasonka et al., 2006).

Breast milk sodium and potassium were analysed by the NBA laboratory at EWL using flame
photometry (IL 945 flame photometer). The instrument was calibrated using a standard urine
control containing 73.5-81.8 mmol/L of sodium and 27.8-34.2 mmol/L of potassium. Twenty four
samples were analysed with and without centrifugation, and the results were not significantly
different (correlation coefficients were 0.98 and 0.99 for Na and potassium, respectively when the
origin = 0). Therefore, all breast milk samples were analysed as whole milk without centrifugation.

The mean CVs for breast milk sodium and potassium were 4.0% and 3.6%, respectively.
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4.6. Questionnaires
Questionnaire were administered at all study visits. Each visit had a combination of several

guestionnaires (see appendices 6, 7 and 8). In summary, information was collected on the following:

4.6.1. Demographic and socio-economic characteristics

Information on socio-economic characteristics was collected from participants using a semi-
structured questionnaire based on the Uganda national household survey questionnaire. Several
social and economic characteristics which could potentially impact on health and nutrition outcomes

were compared between the groups.

4.6.2. Medical history

Participants were asked brief questions about their health status. A review of medical records of
HIV-infected women and exposed infants was done to capture additional information on their health

status and PMTCT-EID care.

4.6.3. Sunshine exposure and physical activity

A sunshine exposure questionnaire was used to collect information on clothing habits, outdoors
activities, skin pigmentation and other practices which affect dermal synthesis of Vitamin D. The

questionnaire was modified from those used in NBH studies in The Gambia, and UK.

4.6.4. Dietary intake of calcium and vitamin D

A food frequency questionnaire was used to collect information about participants’ habitual
consumption of selected calcium and vitamin D rich foods. The questionnaire was combined with
questions on maternal dietary intake, preferences and infant feeding practices. The questionnaire

was modified from that used by NBH studies in The Gambia.
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4.7. Data handling and statistical analysis

4.7.1 Quality control and assurance checks

Data Quality control (QC) reviews for study questionnaires, forms and hardcopy DXA scans were
performed on a daily basis during fieldwok in Uganda. | developed data QC checklists which were
implemented at two levels (level one [QC]) and two [QC2]) in compliance with the regulatory
requirements at Baylor and MUJHU. QC1 reviews were done for all study documents by trained staff
at the site of data collection before the participant left the premises (see Table 4). This was mainly
aimed at checking accuracy and clarity of the information collected. Identified issues were addressed
on the spot before the participant went home. The documents were reviewed and all correctly filled

documents were signed on every page by the reviewer.

I conducted QC2 reviews for all documents after QC1 checking for accuracy, consistency in data
collection and compliance to study protocols. For informed consent forms, the QC2 review was done
before the participant was enrolled into the study. QC2 for study visits was done within 48 hours,
and identified issues addressed within 3 days. QC2 reviews were conducted by the study coordinator

at Baylor-Uganda after | had returned to Cambridge in February 2016.

Between February and May 2016, | conducted monthly Quality Assurance (QA) reviews on 10% of
the study visits to monitor implementation of the study. | also conducted weekly study meetings to

review progress and address any challenges.

4.7.2. Data handling and transformations

All questionnaires and forms were scanned and sent to EWL via a secure online system (Filerun). The
data were entered in an Ms Access database. Queries were run routinely to check for wrong entries
and missing data and these were corrected. Anthropometry data were entered in duplicate. DXA
data was exported into Ms Access and laboratory data compiled in Ms Excel. All datasets were
compiled in Ms Access then imported into DataDesk 6.3.1 (Data Description Inc., Ithaca, NY, USA) for
statistical analysis. Outliers were identified and investigated against the scanned forms to ascertain
if they were correct entries. Implausible measurements were excluded from statistical analyses.
Where relevant, the number of measurements or entries that were excluded have been presented in

the footnotes for the tables of results in chapters 5. 6, 7 and 8.
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With the exception of infant growth Z-scores, all continuous variables were transformed into natural
logarithms before manipulation and analysis for differences between the groups. Multiplication of
the natural log by 100 enabled presentation of mean percent differences between the groups and

time points as sympercents.

The formula for calculation of Sympercents is: Percentage difference=100x (difference/mean). A
detailed explanation of sympercents and their application in reporting mean differences between
the groups are described elsewhere (Cole, 2000, Cole and Altman, 2017b, Cole and Altman, 2017a).
From this point onwards, the term percent refers to sympercents unless specified. Transformation
into natural logarithms also normalised the distributions for positively skewed data. Outliers in
transformed data were investigated using box plots for the variable of interest in DataDesk software
(Figure 33). Extreme values are automatically flagged in data desk and plotted as stars. High values
are indicated by a hollow dot. Statistical analysis was done with and without outliers, and the results

are reported for both approaches where relevant.
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Figure 33: Box plot of plasma Mg by visit showing outliers by the visit.

Red colour=HIV-positive and Blue =HIV-negative. Analysis with and without the 3 outliers has no material effect on the
results. Thus, exclusion of outliers is not necessary.

4.7.3. Calculation of SA-BMC

BMC was adjusted for BA, weight and height (in mothers) or length (in infants) in linear regression
models including a group term. All continuous variables are presented in natural logarithms, and the

differences between the groups are reported as %zSE.

SA-BMC values for individuals were calculated by setting-up the model as described above but
without the group term. The residuals for the model were calculated, added to mean In SA-BMC to
give In SA-BMC values for individuals and these were antilogged to give SA-BMC values. Summary

statistics for the entire group were then calculated.
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4.7.4. Summary statistics

Descriptive statistics for continuous variables are presented as meanzstandard deviation (meanzSD)
for normally distributed variables and median (interquartile range (IQR), 25" and 75" quartiles) for
skewed distributions. For all discrete variables, descriptive statistics are presented as proportions
(%).

4.7.5. Cross-sectional analysis

Contingency tables and Chi-square tests were used for discrete variables to test if the proportions
were significantly different between the groups. For continuous variables, mean cross-sectional
differences between the groups were analysed in a general linear model (GLM). GLM brings together
multiple linear regression, correlation, analysis of variance (ANOVA) and analysis of covariance
(ANCOVA) into one platform, thus, providing a single consistent conceptual framework for data

analysis (Vallenman, 1997). A p-value of <0.05 was considered significant for all tests.

Statistical analysis of continuous variables was done in two stages. First, ANOVA was used in GLM to
compare means between the groups for each variable of interest. In this case, ANOVA is equivalent
to a simple t-test since the study has only two groups. The mean differences between the groups are
presented in the summary tables as sympercents + standard error of the mean (%zSE) for HIV-

positive vs HIV-negative group (Figure 34).

In the second stage of analysis, each outcome variable of interest was adjusted for potential
confounders. This was achieved by adding all the identified confounders (both discrete and
continuous variables) into the model developed above as co-factors to form a full model. Hence, the
analysis automatically changed into ANCOVA (Figure 35). Non-significant variables were removed by
backwards elimination to produce parsimonious models (Figure 36). The size effects for significant
variables are presented in the text alongside the final mean % difference between the groups in the
parsimonious model (see Figures 34-38 for sample models). Lists of potential confounders at each

visit are presented at the beginning of each results chapter (chapters 5, 6, 7 and 8).
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DESIGHN
Dependent wariables

Name Code
rLlh' T2/ 14 mz4

Type of analysis: CLES ARNOYA

Factors
Name Code MNested in F/R Kind
HIY=status H%s= [y Fix Cisc

Fartial ¢Type 23 Sumns of Sguares

Interactions up to 1 - way
Source F/R max df EMS F—-Denom
Const - 1 Caonst Errar
Hw'= F 1 HYw'= Error
Errot R jel=ls]
Total 399

Modifications
cases selected aqocording to cFPP2
Mo wariance wariable
RESULTS
General Results

488 total cases of which 239 are missing

AMNCYA
Amalysis of “Yarionce For mbLnWwWT2714
cases selected according to cPP2

488 total cases of which 239 are missing

Source df Sums of Squares Mean Square F-ratio Prob
Cohst 1 27.12932eb 27.1292eb 111.27e32 i 8.8081
H%'= 1 1871.94 1871.94 4. 3966 B.8375
Error 139 33703.8 243.81

Total 168 398377

Results for factor HYs

Coeffizients

Coefficients of: mln'wWT2/14 on HYs

Level of H¥=s Coefficient std. err. t Ratio prob
HIW-Meg 2.983 1.232 Z.897 B.A376
HI%-Fos —2.383 1.232 —Z.897 8.8376

Expected Cell Means
Expected Cell Means of: mln'wT2/14 on HWs

Level of HW¥=s Expected Cell Mean Cell Count
HI%-Meg 413.2 7
HI%-Pos 483 a4

Scheffe Post Hoo Tests

Difference std. err. FProb
HIY-Pos - HIY¥-HMeg =3.16351 2,464 B.AZ73932

Figure 34: Sample ANOVA model for maternal weight at PP2

Interpretation: HIV-positive women (HIV-pos) have 5.2+2.5% lower body weight (p=0.04) compared to HIV-negative (HIV-
neg) women before adjustment for potential confounders.
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DESIGHN
Dependent variables

HName Code
mbln'w T2414 mizd

Type of analysis: QLS ARMNOYA

Factors
Mame Code MNested in F/R Kind
HI%'status Hv's=s L] Fix Disc
L Age L2 L) Fix Cort
PriGravida F L] Fix Disc
#LnAgeinfant _days =h— L] Fix Cont
priorDepo pDo L] Fix Disc
ExclBF2 EBZ L) Fix Disc

Fartial {(Type 3 Surms of Squares

Interactions up to 1 - wway

Source F/R max df EMS F—-Denom
Const - 1 Const Error

H%= F 1 H%'= Error

L2 F 1 L2 Error

F F 1 F Error

b F 1 b Error

pDo F 1 pho Error

EEZ F 1 EEZ Error
Error F 203

Total 299

Modifications

cazes selected according to cPP2
Mo wariance variable
RESULTS

General Results

48@ total cases of which 242 are missing

ARCYA
Analysis of “Yariance For mbLnWT2714
cases selected according to cFPP2

488 total cases of which 242 are missing

Source df Sums of Squares Mean Square F-ratio FProb
Const 1 26.6111=6 26.6111e6 129. 4923 4 38881
H'w'= 1 212791 2127.91 168,355 B 8816
mLZ 1 234.543 234.543 11413 @.2871
F 1 2181.5 2181.5 18.226 @.8817
#xl_ 1 165. 962 165.962 H. 88759 B.3783
pLo 1 1892 81 1892.81 9. 2867 B BE28
EEZ 1 653, 36<¢ 655,364 3.2837 @.8753
Etrar 151 31831 285.583

Total 157 39624 .8

Results for factor H%ws

Coefficients
Coefficients of: mLn'WwWT2/14 on HWs

Level of H¥= Coefficient std. err. t Ratio prob
HIW-keg 3.966 1.233 3.218 B BE 16
HI%-Fos -3.966 1.233 -3.218 B.6816

Expected Cell Means
Exzpected Cell Means of: mbLaw TZ2/14 on HY's

Level of H¥= Expected Cell Mean Cell Count
HIW-keg 416.5 I
HI%w-Pos 4686 81

Scheffe Post Hoo Tests

Difference std. err. Frob
HIV-Fos — HIY-Meg —7.93213 2,465 B.86 152867

Figure 35: Sample fully adjusted ANCOVA model for maternal weight at PP2

Interpretation: HIV-positive group has 7.9+2.4% lower body weight (p=0.002) in the ANCOVA model including HIV-status,
maternal age, primigravidity (yes=1 or no=0), infant age, previous use of depo-provera and exclusive breastfeeding (yes=1
or no=0). Variable names are listed in the order they appear in the model.
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DESIGH
Dependent wvariables

Mame Code
mbln'w T2/ 14 rmiz2d

Type of analysis: LS AMOWA

Fartial (Type 33 Surms of Sguares

488 total coses of which 241 are missing

Factors
Mame Code Mested in FfR Kind
HIstatus HYws= o2 Fix Disz
PriGrawida F o2 Fix Disz
priorDepo phw o2 Fix Disz

Interactions up to 1 — wweay
Source F/R max df EMS F—Denom
Const - 1 Const Erroar
H%'= F 1 H%'= Erroar
F F 1 F Error
pLo F 1 pLwa Erroar
Errotr R 296
Total =99
Modifications
cases selected according to cPP2
Mo wariance wariable
RESULTS
General Results
488 total cases of which 241 are missing
AN A
Analysis of “arianoce For mbLnwWT2/14
cases selected according to cPP2

Source df Sums of Squares HMean Square F-ratio FProb
Const 1 26.7865e6 26. 78855 129.56e3 i @088 1
H''=s 1 2727.36 2727.36 13.195 6. aaEd
F 1 ZBO86.78 ZEE6. 78 18.895 B.0818
pCo 1 2278.98 2278.98 11.826 80811
Error 155 32B37.9 ZB6. 695
Total 158 F9626.2
Results for factor HYs

Coefficients
Coefficients of: mblnwWT2/14 on HYs
Level of H¥s Coefficient std. err. t Ratio prob
HIv-keg 4.28 1.178 3.632 B.[EEG
HIv-Fos -4 .28 1.178 -3.632 B.[EEG

Expected Cell Means
Expected Cell Means of: mbLa'wWT2/14 on HWs
Level of H¥s Expected Cell HMean Cell Count
HI-reg 416. 1 T
HI-Fos 487.5 gz

Scheffe Post Hoo Tests

Difference std. err. Frob
HIY-Fos — HIWY-HNeg —5.95952 2,356 381.867e-6
Figure 36: Analysis output of parsimonious model for maternal weight at PP2

Interpretation: HIV-positive group has 8.6+2.4% lower body weight (p<0.0001) compared to HIV-negative women after

adjustment for significant variables (primigravidity (yes/no) and previous exposure to depo-provera).
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DESIGH
Dependent wariables

Name Code
mLr' T2/ 14 24

Type of analysis: OLE AROYA

Factors
Mame Code Mested in FfR
HIW'=status H'w'= L] Fix
PriGrovida F L] Fix
priorDepo phwa h Fix

Fartial ¢Type 33 Surms of Squares

Interactions up to 1 - =wway
Source FfR max df EMS
Const - 1 Const
H''s F 1 H''s
F F 1 F
pLwa F 1 plwo
Errar R 296
Total 299

HModifications
cases selected according to cPP2
Mo wariance wariable
RESULTS
General Results
408 total cases of which 241 are missing
AMOYWA

Analysis of “Yariance For
cases selected according to

Source df Sums of Squares
Const 1 26, 70856

H%'= 1 272736

F 1 2836.78

pLa 1 2278.98

Error 155 32E837.9

Total 158 39626.2

Results for factor F

Coefficients

Coefficients of: mLh'WTZ/ 14 on P

Kind
Dizc
Dizc
Cisc

F-Denom
Error
Error
Error
Error

mLnwT2/14
cPP2

406 total cases of which 241 are missing

HMean Square F-ratio
26.7805e6 129.56e3
272736 13.195
2E36.7E 18,8965
2278.08 11.826
266 5696

Level of P Coefficient std. err. t Ratio prob
5] 2.9 1.227 3177 B.aa1s
1 -39 1.227 =317 B.aa1s
Expected Cell Means
Expected Cell Means of: mbln'wWT2/14 on P
Level of P Expected Cell Mean Cell Count
5] 413.7 29
1 4@7.9 Ta
Scheffe Fost Hoc Tests
Difference std. err. Frob
1-8 =-7.reoad 2.455 B.E88 179336

Prob
i B.806 1
B, [o6Eg
B8 18
B.686 11

Figure 37: Analysis output for size effect of parity on maternal weight at PP2

Interpretation: primigravidae women (coded as 1) have 7.8+2.4% lower body weight (p=0.002) compared to multigravidae
women taking into account HIV status and previous exposure to depo-provera.
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DESIGH
Dependent wvariables

MHame Code
mLn' T2/ 14 mZ4

Type of analysis: QLS AMNOWA

Factors
Hame Code MHested in F/R Kind
HIWstatus H''= ! Fix Disc
PriGravida F 4] Fix Disc
priorDepo pCo Ll Fix Disc

Fartial ¢Type 32 Sums of Squares

Interactions up to 1 — wweay

Source FiR max df EMS F-Denom
Cohst - 1 Cohst Error
H'= F 1 H%'s Error

F F 1 F Error

pha F 1 pha Error
Error R 295

Total 299

HModifications

cases selected according to cPP2
Mo wariance wariable
RESULTS

General Results

488 total cases of which 241 are missing

AN A
Analysis of “ariance For mbLnwWT2514
cases selected according to cPP2

48@ total cases of which 241 are rmissing

Source df Sums of Squares Mean Square F-ratio
Canst 1 26.7385=6 26.72885e6 129,563
H%'= 1 2727.36 227,36 12,195
F 1 2@86.78 2E86.78 18. 896
pLo 1 2278.98 2278.98 11.826
Error 135 32e37.9 2E6.695

Total 138 39626.2

Results for factor pCo

Coefficients
Coefficients of: mLawW T2/14 on pDo

Level of pDo Coefficient std. err. t Ratio prob
5] —4.437 1.342 -3.321 B.@a11
1 4. 457 1.342 3321 B.@a11

Expected Cell Means
Exzpected Cell Means of: mblnwT2/14 on pDo

Level of pDo Expected Cell Mean Cell Count
5] 4673 118
1 416.2 40

Scheffe Post Hoo Tests

Difference =td. err. Prob
1i-8 2.91384 2,684 B.8E8 112844

Prob

i @.88681
66884
B.6818
B.6811

Figure 38: Analysis output for size effect of depo-provera on maternal weight at PP2

Interpretation: women with previous exposure to depo-provera (coded as 1) have 8.9+2.7% higher body weight (p=0.001)

compared to women without exposure taking into account HIV status and primigravidity.
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4.7.6. Longitudinal analysis

Longitudinal analysis was performed in the hierarchical GLM models constructed for each variable
with an individual identifier (nested by group), time point, group, and a group-by-time point
interaction term (Vallenman, 1997). Scheffé posthoc tests in hierarchical repeated measures ANOVA
and ANCOVA models were used to examine the differences between the predicted values of the
dependent variable at different values of the specified factor (groups and time points). The Scheffé
method has the property that the Type 1 error is at most a for any of the possible comparisons
between levels of the factor. The default a (0.05) was used for each analysis. See Figure 39 for a

sample model.

Hierarchical (or nested) GLM models evaluated the magnitude of within-group changes in the
outcome of interest (presented as mean % changexSE, p-value) and tested whether the changes
differed significantly between the groups (gives a p-value for the group-by-time point interaction).
The models also evaluated both the size and significance of between-group differences for each
outcome variable for each time point (mean % difference between the groupsSE, p-value). The
mean % difference between the groups has less variation within an individual in the nested
hierarchical models compared to analysis in the cross-sectional model. Therefore, the size effects for
some outcomes that were not significantly different between the groups in the cross-sectional

analysis become significant in the longitudinal analysis.

Adjustment for potential confounders was achieved by adding the variables into the model as co-
factors to produce parsimonious models as discussed in section 4.6.5. Variables which were not

anticipated to change over time (for example, parity and height) were not included in the models.
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DESIGN

D: dent iabl o

epencant variohies Participant ID nested
Name Code in group: (HIVstatus)
LnWtAllVisits Lwv

Type of analysis: OLS ANOVA

Factors
Name Code Nested in Kind
emID emD (HVs)> Ran Disc
HIVstatus HVs (9] Fix Disc
evisit evt (9] Fix Disc

Glrolp-by-timepoint
Interaction term

Partial (Type 3) Sums of Squares

Custom interactions

Source F/R  max df
Const
emD
HVs

evt
HVs*evt
Error
Total 599

mao

HVs+ermD emD
evt Error
2 HVs*evt Error

F
R 196

No Modifications

RESULTS
General Results
600 total cases of which 98 are missing
ANOVA

Analysis of Variance For LnWtAllVisits
No Selector
600 total cases of which 98 are missing

Source df Sums of Squares Mean Square F-ratio Prob

Const. 1 87.8953e6 87.8953e6 144.08e3 < 9.9001
emD 199 114856 684.503 29.164 < 9.9001
Hvs 1 2805.19 2805.19 4.6485 8.8325
evt 2 9899.38 4949.69 238.79 < 9.9001
Hvs*evt 2 20.3543 18.1771 9.49999 8.6125

Error 314 6508.57 20.7279
Total 589 135190
prvalue for
Results for factor HVstevt grolp*timepoint

Interactioniterm

Coefficients
Coefficients of: LnWtAllVisits on HVs*evt

Level of HVs*evt Coefficient std. err. t Ratio prob

PG36,HIV-neq -8.2191 9.2926 -0.7486 8.4546
PG36,HIV-pos 8.2191 9.2926 08.7486 08.4546
PP2,HIV-neg 8.2779 09.297 08.9359 9.3500
PP2,HIV-pos -8.2779 09.297 -08.9359 9.3500
PP14,HIV-neq -0.85884 9.2954 -08.1992 09.8422
PP14,HIV-pos 09.85884 09.2954 08.1992 08.8422

Expected Cell Means
Expected Cell Means of: LnWtAllVisits on HVs¥evt
Level of HVs*evt Expected Cell Mean Cell Count

PG36,HIV-neg 421.7 94
PG36,HIV-pos 417.1 92
PP2,HIV-neg 413.2 ka4 Results for

PP2,HIV-pos 4087.6 Scheff'e
PP14,HIV-neq 411.8 posthoe tests
PP14,HIV-pos 406.8

Scheffe Post Hoc Tests

Difference std. err. Prob
PG36,HIV-pos - PG36,HIV-neg -4.59866 8.673 352.188e-12
PP2,HIV-neg - PG36,HIV-neg -8.48689 8.7352 2]
PP2,HIV-neg - PG36,HIV-pos -3.88823 9.7358 1.55155e-6
PP2,HIV-pos - PG36,HIV-neg -14.8735 9.70927 2]
PP2,HIV-pos - PG36,HIV-pos -9.48086 9.7078 2]
PP2,HIV-pos - PP2,HIV-neg -5.59263 9.7631 17.1249e-12
PP14,HIV-neg - PG36,HIV-neg -9.9349 8.721 2]
PP14,HIV-neg - PG36,HIV-pos -5.33624 9.722 11.5982e-12
PP14,HIV-neg - PP2,HIV-neg -1.44801 08.7387 9.14818
PP14,HIV-neg - PP2,HIV-pos 4.14462 09.7498 466.705e-9
PP14,HIV-pos - PG36,HIV-neg -14.854 9.7092 2}
PP14,HIV-pos - PG36,HIV-pos -18.2554 8.7144 a
PP14,HIV-pos - PP2,HIV-neg -6.36714 08.769 34.4169e-15
PP14,HIV-pos - PP2,HIV-pos -0.774504 8.?217? 9.559191
PP14,HIV-pos - PP14,HIV-neg -4.91913 08.7559 2.35836e-9

Figure 39: Sample Hierarchical model for maternal weight

DataDesk output showing nesting, group-by-time point term and associated p-value, and posthoc tests
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CHAPTER 5: RESULTS DURING PREGNANCY

This chapter presents participant characteristics at enrolment and outcomes at 36 weeks of
gestation (PG36). For all comparisons, the reference group for maternal outcomes is the HIV-
negative group. Therefore, the sign of all differences between the groups is for the comparison of

HIV-positive vs HIV-negative.

All continuous outcomes at PG36 (sections 5.7 to 5.9) were adjusted for maternal age, gravidity
(primigravidae vs multigravidae), gestation age at PG36 and previous use of depo-provera (yes vs
no). Unadjusted mean percent differences between the groups are presented in the summary
tables, and the adjusted results are discussed in the text. Unless explicitly mentioned, co-factors

which are not mentioned in the text were not significant in the ANCOVA models.

5.1. Participant accrual

Recruitment of study participants was carried out between January 2015 and February 2016 on a
rolling basis. A total of 455 pregnant women were referred to the study by antenatal clinic staff, but
29 were no longer interested after a brief overview of the study. Four hundred and twenty-six
women (210 HIV-positive and 216 HIV-negative) were assigned screening numbers and went

through the study recruitment procedures as illustrated in Figure 40.

Only 399 women passed screening level 1 and were scheduled for informed consent session with the
study counsellor. The scheduled women provided their phone contacts and consented for the study
team to call them regarding their visit. However, 81 women did not attend their informed consent
appointment and could not be traced via phone. It was discovered that these women had given
wrong mobile phone numbers to both the study team and the ANC clinic. Further, 74 women did not
attend informed consent appointment, and gave various reasons when contacted by the study team

via phone (part 1 of Table 6).

The study successfully enrolled the target of 200 participants, 100 HIV-positive and 100 HIV-negative
pregnant women, by mid-February 2016. Four women booked for enrolment in late February 2016
were informed that they were no longer needed because the target number had been reached and
their appointments were cancelled. The distribution of excluded women (after screening level 2) is

presented in part 2 of Table 6.
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The number of women who were not enrolled into the study was not significantly different between
the groups (HIV positive 52.4%, HIV-negative 53.7%). Their mean age was 24.7+4.0 years, and the
median parity was one (IQR 0, 2). There was no significant difference in age and parity between HIV-
positive and HIV-negative women participants and those who were eligible but were not enrolled in

the study. Demographic characteristics of study participants are presented in section 5.3.

Referrals n=426
HIV negative n=216
HIV positive n=210

A4
Screening level 1 n=426
HIV negative n=216
HIV positive n=210

l—-l Not eligible =27

Scheduled for IC* session n=399
HIV negative n=204
HIV positive n=195

Didn’t attend IC* session n=155
Could not be traced n=81

No longer interested n=45
Delivered before visit n=14
Other reasons n=11
Recruitment window closed n=4

Informed consent n=244
HIV negative n=126
HIV positive n=118

Declined n=16
HIV-negative n=10
v HIV- positive n=6

Screening level 2 n=228
HIV negative n=116
HIV positive n=112 Excluded n=28

Abnormal U/S scan n=8
Gestation >37wks. n=5
Twin pregnancy n=4
Glucosuria n=3
Proteinuria (+++) n=2
Other reasons n=6

\/
Enrolled n=200
HIV negative n=100
HIV positive n=100

*|C= Informed consent

Figure 40: Flow-through of participant recruitment procedures
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Table 6: Reasons why potential participants were not enrolled in the study

N T

Part 1: Did not attend informed consent (IC) session 182 (80.5) 90 (77.6) 92 (83.6)
1.1 Notscheduled, did not meet eligibility criteria (n, %) 27 (14.8) 12 (13.3) 15 (16.3)
1.2 Missed visit and could not be traced via phone (n, %) 81 (44.5) 42 (46.7) 39 (42.4)
1.3 Notinterested/busy/husband refused (n, %) 45 (24.7) 25 (27.8) 20 (21.7)
1.4 Delivered before visit (n, %) 14 (7.7) 6 (6.7) 8 (8.7)
1.5 Other social/medical reasons (n, %) 11 (6.0) 5 (5.6) 6 (6.5)
1.6 Recruitment window closed-no longer needed (n, %) 4(2.2) 0 4 (4.3)

Part 2: Attended IC session but were not enrolled 44 (19.5) 26 (22.4) 18 (16.4)
2.1 Did not consent - (n, %) 16 (36.4) 10 (38.5) 6 (33.3)
2 o Abnormal ultrasound scan results (n, %) 8(18.2) 6(23.1) 2(11.1)
2.3 Gestation age out of range, >37 weeks (n, %) 5(11.4) 3(11.5) 2(111)
2.4 Expecting twins (n, %) 4(9.1) 2(7.7) 2911.1)
2.5 Glycosuria (n, %) 3(6.8) 2(7.7) 1(5.6)
2 Proteinuria +++(n, %) 2(4.5) 2(7.7) 0
2.7 Other social/medical reasons (n, %) 6 (13.6) 1(3.8) 5(27.8)

5.2. Retention of participants

A total of 154 mother-baby pairs attended all study visits up to 14 weeks postpartum (PG36, PP2 and
PP14). The overall attendance at each visit is presented Figure 41. A total of 154 mother-baby pairs
attended PG36, PP2 and PP14 (Figure 41). The number of missed visits was highest at PP2 (16/24)
because some women travelled to their parent's homes (in the village) for postnatal care, a common
cultural practice in Uganda. Some women and their babies were unable to attend due to medical
reasons including caesarean birth, neonatal sepsis, and prolonged hospital admission. Overall, more
HIV-negative women missed their visits (15 mother-baby pairs) compared to 9 among HIV-positive

women.

A total of 10 (8 HIV-positive, 2 HIV-negative) participants withdrew themselves from the study. Five
HIV-positive women withdrew before their first study visit. The participants in this study were newly
diagnosed with HIV hence the higher drop-out rate in the HIV-positive group could have been due to

fear of home visits and potential stigmatisation in their community.

Five participants could not be traced after several attempts by the study team; so, they were
declared lost to follow-up. One HIV-infected participant was excluded from the study because she

had stopped breastfeeding before PP14 and had a mental health problem.
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Enrolment : 200 pregnant women
100 HIV-positive (HIV+), 100 HIV-negative (HIV")

Follow-up: 36 wks. of gestation (PG36 visit)
189 women completed (HIV+ 93, HIV-96}

HIV-positive mothers
- 1 missed

- 1 pre-term delivery
- 5 withdrew

HIV-negative mothers
- 1 missed

-3 pre-term deliveries
-Owithdrew

HIV-positive mothers
- 6 missed

- 1 stillbirth

- 1 neonatal death

- 0 lost to follow-up

- 2 withdrew

HIV-negative mothers
- 10 missed

- 4 stillbirths

- 3 neonatal deaths

- 2 lost to follow-up

- O withdrew

Follow-up: 2 wks. postpartum (PP2 visit)
162 mother-baby pairs (HIV+ 84 , HIV-78})

Completed all visits PG36 & PP2

161 mother-baby pairs:
{HIV+ 84, HIV-77)

Follow-up: 14 wks. postpartum (PP14 visit)
Mothers: 165 (HIV+84, HIV-81)
Babies: 166 { HEI -85, HUI -81

HIV-positive mothers
- 2 lost to follow-up

- 2 missed

- 1 withdrew

- 1 stopped B/Feeding

HIV-negative mothers
- 1 lost to follow-up

- 4 missed

- 2 withdrew

Completed all visits up to PP14
Mothers: 153 (HIV+80, HIV-73)
Babies: 154 { HEI 81, HUI 73 )

Completed PP2 & PP14
Mothers: 153 { HIV+81, HIV-73)
Babies: 156 (HEI 82, HUI 74)

Key: HIV+ =HIV-positive
HIV- = HIV- negative

HEI =HIV-exposed infants
HUI =HIV-Unexposed Infants

Figure 41: Study consort diagram

5.3. Demographic and social-economic characteristics

The median age of participants at enrolment was 24.5 (IQR 21.1, 26.9) years. There was a trend
towards younger age among HIV-positive women compared to HIV-negative women, but the

difference between the groups was not statistically significant (p=0.06, Table 7).

At enrolment, 46.5% of participants were primigravidae. Overall, there was a trend towards higher
median gravidity among HIV-positive women compared to HIV-negative women (p=0.07).
Significantly, fewer HIV-positive women were primigravidae compared to HIV-negative women
(38.0%, vs 55.0% p=0.02). Christianity was the most common religion practised by 71% of the
participants. The distribution of participants across all religions was not significantly different
between the groups. The majority (90%) of participants were married, but the proportion of married
women was smaller among HIV-positive women compared to HIV-negative (85.3% vs 94.8%,
p=0.03). About half of the participants (53.6%) in both groups were housewives. There was a
significant difference between groups in the distribution of the participants across maternal

education (p=0.001) and husband’s education (p=0.004).
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Table 7: Baseline demographic and SES characteristics by group

Variable HIV-negative HIV-positive
(n=96)1 (n=95)1 p-value
Age, yrs. (Median, IQR) 24.1(22.1-27.6) 23.1(20.6, 26.3) 0.06
Parity, (median, IQR) 0(0,1) 1(0,2) 0.07
0 (%) 55.6 375
1 (%) 24.2 26.0
2 (%) 8.1 18.8
3 (%) 7.1 9.4
4 (%) 5.1 8.3
Primigravidae (%) 55.6 375 0.02
Religion (%) 0.6
Christian 73.2 69.5
Muslim 26.8 30.5
Highest education attained by participant (%) 0.001
None 2.1 3.2
Primary 16.5 32.6
Secondary school -O or A level 59.8 60.0
Post-secondary 21.6 4.2
Occupation of the participant (%) 0.8
Housewife 52.6 54.7
Business 20.6 221
Salaried employment 18.6 13.7
Marital status (%) 0.03
Married 94.8 85.3
Not married 5.21 14.7
Highest education attained by husband (%) 0.004
None 0.0 1.2
Primary 10.9 16.0
Secondary school- O or A level 59.8 74.1
Post-secondary 29.3 7.41
Occupation of husband (%) 0.6
Business 46.3 48.8
Salaried Employment 35.8 29.8
Casual labour 17.9 19.0

1 Dataincludes 3 participants who missed PG36 visit (1 HIV-negative and 2 HIV-positive), information was collected retrospectively at PP2.

At the household level, the majority of the participants came from households with access to safe
drinking water (80%) and electricity for lighting (91%). However, a significantly smaller proportion of
HIV-positive women had access to safe drinking water compared to HIV-negative women (72.6%, vs
87.6%, p=0.0009). Husbands were the main breadwinners for 83.9% of the households. The
proportion of households provided for by husbands was smaller in the HIV-positive compared to
HIV-negative group (77.9% vs 89.7%, p=0.03), probably because fewer HIV-positive women were
married. Other characteristics were not significantly different between the groups (Table 8). Three

participants missed PG36, so their baseline data was collected at PP2,
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Table 8: Summary of household characteristics

Variable HIV-negative HIV-positive p-value
(n=97)! (n=95)!
Type of house (%) 0.2
Detached 19.6 14.7
Tenement (Muzigo) 78.4 85.3
Shared house/flat/apartment 2.0 0.0
House tenure status (%) 0.1
Owned 18.6 18.9
Rented 79.4 78.9
Supplied free by employer/someone else 2.0 2.1
Household size (median, IQR) 3(2,4) 3(2,4) 0.1
Number of under-fives in the household 0(0,1) 0(0,1) 0.9
Breadwinner for the household (%) 0.03
Husband 89.7 77.9
Self/Relative/other 10.3 22.1
Main source of drinking water 0.009
Piped water/borehole 87.6 72.6
Protected spring/well/others 12.4 27.4
Main source of lighting in the household 0.4
Electricity (n, %) 92.7 89.5
Paraffin lantern/tinlamp”taddoba”/candles 7.3 10.5

1 Data includes 3 participants who missed PG36 visit (1 HIV-negative and 2 HIV-positive), and information was collected retrospectively at
PP2.

5.4. Maternal health status during pregnancy

Mean gestation age at enrolment was 33.3+3.0 weeks and not significantly different between the
groups (p=0.2, Table 9). All HIV-positive women were on first-line ART regimen comprising of TDF-
3TC-EFV. The mean duration of ART at PG36 was 10.8+5.2 weeks. Median CD4 count at initiation of
ART was 394 (IQR 283, 519) cells/m? with a range of 44-970 cells/m?. Thus the majority of women
had preserved immunity. Median adherence to ART was 100% (IQR 99%, 100%) based on the pill
count method that is routinely used in clinical care. Viral load results were not available for
participants at enrolment or at PG36. The prevailing clinical guidelines recommended the first viral
load test at 6 months after initiation of ART, and thereafter annually for patients with suppressed
viral load defined as <1000 copies/ml (UCG, 2016).

Complete blood counts were done women at enrolment. Mean white blood cell count was lower
among HIV-positive women compared to HIV-negative women (-14.8%, p=0.003) as expected in
chronically ill persons. There was a trend towards lower red blood cell count among HIV-positive
women compared to HIV-negative women (-2.9%, p=0.06). Mean cell volume (MCV) was not

significantly different between the groups (p=0.4).
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Mean haemoglobin concentration at enrolment was 11.6+1.1g/dL, and significantly lower in HIV-
positive women compared to HIV-negative women (p=0.03). Similarly, mean % haematocrit was
6.9% lower among HIV positive women compared to HIV-negative women (p=0.001). Overall, 26.6%
of the participants had a haemoglobin concentration <11g/dl in venous blood, the WHO cut-off for
anaemia in pregnancy. Prevalence of anaemia was greater among HIV-positive women compared to

HIV-negative women (33.0% vs 17.5%, p=0.03) as expected in chronically ill persons.

Overall coverage for routine iron and folic acid supplementation (FEFOL) was 76.3% and significantly
higher among HIV-positive women compared to HIV-negative women (83.9% vs 68.8%, p=0.02).
Overall, 18.0% of the participants reported the use of multivitamin supplements and one HIV-

positive participant was taking calcium and vitamin D supplements by 36 weeks of gestation.

More than half (57%) of the participants reported the use of at least one family planning method
prior to the index pregnancy. A greater proportion of HIV-positive women had prior use of
contraception compared to HIV-negative women (53.8% vs 32.3%, p=0.003), probably because of
fewer primigravidae among HIV-positive women. The common contraception methods were depo-
provera injection (71.3%) and oral pills (18.8%). Again, a higher proportion of HIV-positive women
reported previous use of depo-provera prior to the index pregnancy compared to HIV-negative

women (44.1% vs 17.1%, p<0.0001).

None of the participants had pre-existing renal disease or diabetes mellitus at enrolment. Use of
glucocorticoids was uncommon, although two HIV-positive participants were prescribed short
course hydrocortisone and prednisolone to treat severe skin infections. None of the participants

reported smoking or drinking alcohol during the index pregnancy.

Urinalysis was performed on the two-hour urine collection at PG36. The prevalence of urinary tract
infection (UTIs) was 38.6% and not significantly different between the groups. Twenty-six women
(19.4%) had protein in the urine (trace or + or ++) in the presence of a UTI but 8 women who did not
have a concurrent diagnosis of a UTI. However, none of the 8 participants had protein in urine at +++
level, which is associated with a compromised renal function in the absence of a UTI. One HIV-

positive participant had glucose (+) in urine.
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Table 9: Maternal health status at PG36

Variable HIV-negative HIV-positive Mean % p-value

(n=96) (n=93) difference+SE?

(HIV+ vs. HIV-)

Weeks on ART (Mean+SD) - 10.8+5.2 - -
>95% adherence to ART & CTX (%, range) - 100% (90-100) - -
Recent CDy, cells/mm?3 (Median, IQR) - 394 (283, 519) - -
Gestation age at enrolment, wks. (Mean+SD) 33.612.7 33.0£3.4 -1.9+1.4 0.2
Gestation age at PG36 visit, wks. (MeanzSD) 36.5+0.9 36.4+0.7 -0.1+0.1 0.4
WBC (median, IQR)3 6.7 (5.7,7.6) 5.6(4.5,7.2) -14.8+4.9 0.003
Red Blood Cell count (Mean+SD) 2 4.14+0.46 4.0£0.33 -2.9+1.6 0.06
Haemoglobin, (MeantSD)?2 12.0£1.1.5 11.3+£1.04 -5.7£2.5 0.03
Hb<11 g/dL ,WHO cut-off, (%) 175 33.0 - 0.03
Haematocrit, HCT% (Mean+SD) 2 35.4+3.4 33.9+2.9 -6.9+2.1 0.001
MCV, (MeanSD) 2 85.8+7.0 84.7+7.0 -1.2+1.4 0.4
Any mineral/multivitamin supplement, (%) 77.4 84.9 - 0.2
FEFOL, (%) 68.8 83.9 - 0.02
Multivitamins, (%) 215 15.1 - 0.3
Vitamin D supplements, (%) 0 1 - -
Calcium supplements, (%) 0 1 - -
Consumed clay & clay products/herbs, (%) 50.8 21.7 - 0.0003
Previous use of any contraception (%) 32.3 53.8 - 0.003
Previous use of depo-provera injection (%) 17.1 441 - <0.0001
History of Smoking (%) 0.0 0.0 - -
History of Alcohol (%) 0.0 0.0 - -
Use of glucocorticoids, (%) 0.0 2.08 - -
UTI - pus cells<5/hpf (%) 32.1 43.4 - 0.2
Proteins in urine, trace/+/++ (%) 14.3 23.1 - 0.2
Proteins in urine in absence of UTI (%) 5.4 6.6 - 0.8

1 Mean % differences between the groups presented as sympercentszSD. All variables were transformed into natural logarithms*100

before statistical analysis using ANOVA function in Datadesk software.
2 HIV-negative n= 63; HIV-positive n=91. CBC test was introduced after the study had begun
3 Cream containing prednisolone prescribed for severe skin disease
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5.5. Physical activity at PG36

The majority (>85%) of women were engaged in domestic chores and/or walking for at least 30

minutes on a daily basis. Other activities including hand washing clothes and ironing clothes were

done by about 70% of women weekly. The proportions of women engaged in various physical

activities were not significantly different between the groups as summarised in Table 10.

Table 10: Physical activity at PG36

HIV-negative

HIV-positive

Variable (n=96) (n=93) p-value
Cleaning the house (%) 0.08
Never 3.2 10.8

1-2 times a week 16.8 10.8

Everyday 80.0 78.5

Hand washing utensils and pans (%) 0.9
Never 7.3 6.5

1-2 times a week 15.6 15.1

Everyday 77.1 78.5

Hand washing clothes (%) 0.9
Never 125 12.9

1-2 times a week 74.0 72.0

Everyday 13.5 15.1

Ironing clothes (%) 0.2
Never 18.8 22.6

1-2 times a week 62.5 67.7

Everyday 18.8 9.7

Walking for at least 30 minutes (%) 0.5
Never 2.1 5.3

1-2 times a week 9.6 9.7

Everyday 88.3 84.9

Carrying/Lifting heavy things inside or 09
outside the house (%)

Never 63.5 61.3

1-2 times a week 27.1 28.0

Everyday 9.4 10.8
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5.6. Consumption of selected calcium and vitamin D rich foods at PG36

Overall consumption of the selected food sources of calcium and vitamin D, based on food

frequency questionnaire, was not significantly different between the groups (Figure 42).

Proportions of women consuming selected calcium and vitamin D rich foods at PG36
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Figure 42: Consumption of selected calcium and vitamin D rich foods at PG36

The most commonly consumed calcium-rich foods were milk and milk products and cooked dry
beans and peas. Small amounts of milk were regularly consumed in tea by about 90% of the
participants. Over three-quarters of the participants (76.3%) reported consumption of small fish
eaten with bones and there was no significant difference between the groups. Also, 62% of the
participants reported regular ingestion of soft parts of bones of deep fried large fish, meat and
poultry, generally not recorded as a source of calcium in this population. The proportion of women
who reported eating soft parts of bones during pregnancy was not significantly different between

the groups (p=0.1).

Consumption of white cooked clay and clay products during pregnancy was common among
participants. Overall, 44.4% of participants reported ingestion of clay either in the form of white
cooked clay or mixed in a special herbal drink locally called emubwa. Significantly fewer HIV-positive
women reported ingestion of white cooked clay or emubwa, compared to HIV-negative women

(34.6% vs 59.3%, p=0.01).

Eggs and organ meats were the most consumed vitamin D rich foods (Figure 42). Overall,

consumption of vitamin D food sources was not significantly different between the groups.
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5.7. Maternal anthropometry at PG36

Table 11: Summary of maternal anthropometry at PG36

HIV-negative HIV-positive Mean % Diff between
Variable (n=95)1 (n=92)1 the groups +SE p-value
Mean+SD Mean+SD (HIV+ vs HIV-)2
Weight, kg 68.7+11.0 65.519.6 -4.6+2.2 0.03
MUAC, cm 27.2+3.4 26.7+3.0 -1.7+1.6 0.3

1 Excludes two participants with missing anthropometric data at PG36 (1 HIV-positive and 1 HIV-negative).
2 Mean % differences between the groups presented as sympercentszSD. All variables were transformed into natural logarithms*100
before statistical analysis using ANOVA function in Datadesk software.

Overall, the mean height of participants was 157.4+5.7cm and not significantly different between
the groups (157.0£5.0cm vs 157.8+6.3cm, p=0.3). Mean body weight at PG36 was 67.1+10.4 kg. HIV-
positive women were 3.2+1.6kg (4.6%) significantly lighter compared to HIV-negative women
(p=0.03, Table 11). Weight was significantly associated with both gravidity (multigravidae vs
primigravidae: +5.1+2.2%, p=0.02) and previous use of depo-provera (yes vs no +6.5£2.5%, p=0.01)
in the ANCOVA model. After adjusting the body weight for gravidity and previous exposure to depo-
provera, the mean difference between the groups increased to -7.4+2.2% and was highly significant

(p=<0.0001).

Mean mid-upper arm circumference (MUAC) was 27.0+3.2cm, and not significantly different
between the groups (-1.7%, p=0.3; Table 11). MUAC was significantly associated with gravidity in
the ANCOVA model (multigravidae vs primigravidae: +3.9+1.7%, p=0.02). The difference between

the groups increased to -2.4+1.7% after adjustment for gravidity but remained non-significant
(p=0.1).

5.8. Maternal plasma and urine biochemistry at PG36

5.8.1. Plasma biochemistry at PG36

Overall mean plasma albumin concentration [P-Alb] was 26.5+2.4 g/L with no significant difference
between the groups (-0.6+1.3, p=0.7, Table 12). However, mean [P-Alb] was below the normal range
of 35-52g/L, probably due to haemodilution during pregnancy and poor nutrition status (protein
deficiency). Mean [P-Alb] was negatively associated with gravidity (multigravidae vs primigravidae:
-4.3+1.3%, p=0.001) and maternal age (B=-0.31+0.14% per year, p=0.04) in the ANCOVA model.
Adjusting plasma albumin concentration for gravidity and maternal age reduced the difference

between the groups (-0.1+1.3%, p=0.9).
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Mean plasma calcium concentration [P-Ca], uncorrected for albumin, was 2.19+0.08 mmol/l and
significantly lower among HIV-positive women compared to HIV-negative women (-1.2%, p=0.03,
Table 12). Similarly, mean corrected [P-Ca] (corrected for albumin by Payne equation) was 2.46+0.08
mmol/I and significantly lower among HIV-positive women compared to HIV-negative women (-1.0%
p=0.02). Gravidity was significantly associated with uncorrected [P-Ca] (multigravidae vs
primigravidae: -1.7+0.5%, p=0.002) in the ANCOVA model. The mean percent difference between
the groups in uncorrected P-Ca reduced after adjustment for gravidity and was no longer significant
(-0.9£0.5%, p=0.09).

Mean plasma phosphate concentration [PO4] was 1.20+0.19 mmol/L and significantly lower among
HIV-positive women compared to HIV-negative women (-8.7%, p<0.0001). Mean plasma
concentrations of creatinine [P-Cr] and magnesium [P-Mg] were 63.3+7.71 pmol/l and 0.74+0.06
mmol/L, respectively, with no significant differences between the groups. Maternal age, gestation
age at PG36, gravidity and previous use of depo-provera did not have significant effects on plasma

phosphate, creatinine or magnesium concentrations in the models.

One HIV-positive participant had an extremely high [P-Mg] (1.25mmol/L); conducting the analysis
with or without this subject did not have a material effect on the results (the difference between the
groups reduced to +0.8+0.9, p=0.4). ARVs contain magnesium stearate as a filler, so it is possible the

participant had swallowed her drugs in the morning close to the time of blood sample collection.

5.8.2. Urine biochemistry at PG36

Overall median urine calcium/creatinine ratio (UCa/Cr) was 0.034 (IQR 0.014, 0.067) mmol/mmol
and not significantly different between the groups (p=0.4, Table 12). UCa/Cr was not associated with

maternal age, gravidity, gestation age or previous use of depo-provera in the ANCOVA model.

Overall median urine phosphate: creatinine ratio (UP/Cr) was 1.25 (IQR 0.950, 1.61) mmol/mmaol,
and not significantly different between the groups (p=0.7). UP/Cr was significantly associated with
gravidity (multigravidae vs primigravidae: -17.6+6.7%, p=0.009) in the ANCOVA model. Adjusting
(UP/Cr) for gravidity did not have a material effect on the mean difference between the groups

(decreased to +0.8+6.9%, p=0.9).

Overall median urine magnesium: creatinine ratio (UMg/Cr) was 0.189 (IQR 0.144, 0.254)
mmol/mmol and not significantly different between the groups (p=0.3). Maternal age, gestation age
at PG36, gravidity and previous use of depo-provera did not have significant effects on UMg/Cr in

the ANCOVA model.
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Table 12: Summary of plasma and urine biochemistry at PG36

HIV Negative HIV Positive Mean % Diff Group
Variables between the
(n=96) (n=93) groups +SE P-value
(HIV+ vs HIV-)L

Plasma
Albumin, g/L (Mean=SD) 26.54+1.97 26.47 £2.81 -0.6x1.3 0.7
Calcium yncorrected, MMol/L (MeanSD) 2 2.20£0.08 2.17+0.09 -1.2+0.6 0.03
Calcium corrected, mmol/L (MeanSD)3 2.47+0.07 2.44+0.09 -1.0£0.5 0.02
Phosphate, mmol/L (MeanzSD) 1.22 +0.16 1.12+0.18 -8.6x2.1 <0.0001
Magnesium, mmol/L (MeantSD) 0.736+0.062 0.748+0.082 +1.4£1.3 0.3
Creatinine, umol/L (MeanSD) 62.9£ 8.0 63.8£7.43 +1.5£1.8 0.4
Urine 457
UCa/Cr mmol/mmol (Median, IQR)? 0.034 (0.017,0.069)  0.032(0.014,0.066) -15.0+17.2 0.4
UP/Cr, mmol/mmol (Median, IQR) 8 1.27 (0.966, 1.60) 1.21(0.870, 1.66) -2.246.7 0.7
UMg/Cr, mmol/mmol (Median, IQR) 8 0.197(0.145,0.259) 0.182(0.143,0.254) -8.1+7.1 0.3
Renal parameters
eGFR, mi/min/1.73 m2 (Median, IQR)? 126 (121, 131) 127 (122, 130) +0.1+1.0 0.9
TmP/GFR, mmol/L GFR (MeantSD) 1.3510.25 1.22+0.27 -11.4+3.1 <0.0001
TmCa/GFR, mmol/L GFR (MeanzSD)?0 1.24+0.05 1.23+0.05 -1.4+0.6 0.02

1 Mean % differences between the groups presented as sympercentszSD. All variables were transformed into natural logarithms*100

before statistical analysis using ANOVA function in Datadesk software.

2 Excludes data for one HIV-positive participant with an extreme value (7.53 mmol/L) which influences results.

3 Plasma calcium normalised for albumin using Payne equation: Adjusted Serum Ca= Measured Ca+ ([40-serum albumin]*0.02)

4Excludes data for one HIV-positive participant who did not collect a urine sample at the end of two-hour fasting protocol.
5 Seven measurements below the detection limit (0.02 mmol/L) were assigned half a detection (0.01mmol/L) before analysis. These results

are not significantly different to analysis with the original/unadjusted concentrations.
7IQR = inter quartile range presented as 25t and 75% quartiles.
8 Urine UCa/Cr calcium/creatinine ratio, UP/Cr phosphate/creatinine ratio and UMg/Cr magnesium/creatinine ratio.

o Calculated using CKD-EPI equation: eGFR (ml/min/1.73m2) = 144 x min (PCr/0.7)-0.329 x 0.993Age if [PCr] is <=0.7; and eGFR

(mI/min/1.73m2) = 144 x min (PCr/0.7)12%9x 0.993%¢ if [PCr] is >=0.7. Data excludes two extreme values which influence the group*visit

interaction

10Excludes 3 extreme values (two in HIV-positive group; one in HIV-negative group)
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5.8.3. Renal bone mineral handling at PG36

Overall median estimated glomerular filtration rate (eGFR) was 125 (IQR 121, 130) mL/min/1.73 m?,
based on CKD-EPI equation, and was not significantly different between the groups (p=0.9, Table
12). eGFR was negatively associated with maternal age (B=-0.8+0.1% per year, p<0.0001) in the
ANCOVA model. Adjusting eGFR for maternal age did not have a material effect on the mean

difference between the groups (-0.84£0.9%, p=0.4).

The overall mean renal tubular maxima for phosphate (TmP/GFR) and calcium (TmCa/GFR) were
1.37+0.29 mmol/L and 1.24+0.06 mmol/L, respectively. HIV-positive women had significantly lower
TmP/GFR (-11.4+3.1%, p<0.0001) and TmCa/GFR (-1.4%£0.6%, p=0.02) compared to HIV-negative
women (Table 12). Maternal age, gravidity, gestation age at PG36, and previous use of depo-provera

did not have significant effects on both TmP/GFR and TmCa/GFR in the models.

5.9. Maternal 25(0OH)D, PTH and bone turnover markers

Table 13: Concentrations of calciotropic hormones and bone turnover markers at PG36

Y
HIV-negative HIV-positive Mean % Diff
Variable (n=96) (n=93) between the -value
- - groups +SE P
(HIV+ vs HIV-)!
Serum 25(0OH)D, nmol/L (Median, IQR) 65.9 (55.0, 76.9) 71.8(52.3,89.4) +3.95.2 0.5
Serum 25(0OH)D <50nmol/L (n, %)2 13 (13.5) 20 (21.5) - 0.2
Plasma PTH, pg/mL (Median, IQR) 23.1(15.8,35.1) 33.6(23.6, 44.9) +33.017.0 <0.0001
Plasma CTX, ng/mL (Median, IQR) 0.549 (0.433,0.659) 0.507 (0.367, 0.723) -3.0£6.5 0.6
Plasma P1NP, ng/mL (Median, IQR) 72.4(52.4,103) 53.7(38.5, 80.2) -25.7+6.8 <0.0001
Plasma BAP, pg/L (Mean+SD) 20.5+7.6 21.6%9.6 +3.3+5.5 0.5
Plasma TAP, U/L (Median, IQR) 147 (118, 196) 149 (110, 182) -6.315.3 0.2
Plasma BAP/TAP (Mean+SD) 13.440.1 14.840.1 9.6+5.5 0.08

1 Mean % differences between the groups presented as sympercentsSD. All variables were transformed into natural logarithms*100
before statistical analysis using ANOVA function in Datadesk software.
2 Proportion (n, %)
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5.9.1. Serum 25(0OH)D at PG36

Overall median serum 25 hydroxyvitamin D concentration [25(OH)D] was 67.4 (54.8, 83.7) nmol/L
and there was no significant difference between the groups (p=0.5, Table 13). Thirty-three
participants (17.5 %) had serum [25(OH)D] below 50nmol/L, and their distribution was not
significantly different across the groups. None of the participants had a serum [25(0OH)D] below
25nmol/L. Serum [25(OH)D] was negatively associated with gestation age (B -2.0+£0.9% per week,
p=0.02) in the ANCOVA model. Adjusting [25(OH)D] for gestation age did not have a material effect

on the mean percent difference between the groups (+2.2+5.1%, p=0.7).

5.9.2. PTH at PG36

Overall median plasma parathyroid hormone concentration [PTH] was 28.1 (IQR 19.6-40.9) pg/mL
and significantly higher among HIV-positive compared to HIV-negative women (+26.4%, p<0.0001,
Table 13). Maternal age, gravidity, and prior use of depo-provera did not have significant effects on
plasma [PTH] in the ANCOVA model.

5.9.3. CTX at PG36

Overall median plasma C-terminal cross-linked telopeptides of collagen | concentration [B-CTX] was
0.528 ng/mL (IQR 0.391-0.686) and not significantly different between the groups (p=0.6, Table 13).
[B-CTX] was negatively associated with both gravidity (multigravidae vs primigravidae: -23.0+6.5%,
p<0.0001) and previous use of depo-provera (yes vs no: +17.9+7.3%, p=0.02) in the ANCOVA model.
The mean difference between the groups was greater after adjusting [B-CTX] for gravidity and

previous use of depo-provera, but remained non-significant (+5.7£6.4%, p=0.4).

5.9.4. PINP at PG36

Overall median procollagen type 1 N-terminal propeptide) concentration [P1NP] was 63.7 ng/mL
(IQR 43.8-91.0) and significantly lower in HIV-positive compared to HIV-negative women (-26.4%,
p<0.0001, Table 13). Plasma [P1NP] was negatively associated with gravidity (multigravidae vs
primigravidae: -22.6+6.7%, p<0.0001) in the ANCOVA model. The mean difference between the
groups reduced after adjusting plasma [P1NP] for gravidity but remained significant (-1.6+6.7%,
p=0.002).
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5.9.5. TAP and BAP at PG36

Overall median total alkaline phosphatase concentration [TAP] was 148 (IQR 115, 191) U/L and not
significantly different between the groups (p=0.2, see Table 13). Plasma [TAP] was significantly
associated with maternal age (B +1.2+0.6% per year, p=0.05) in the ANCOVA model. The mean
difference between the groups increased after adjusting [TAP] for maternal age but remained non-

significant (+5.0£5.3%, p=0.3).

Overall mean bone-specific alkaline phosphatase concentration [BAP] was 21.0+8.6 pg/mL, and
there was no significant difference between the groups (p=0.5, see Table 13). Plasma [BAP] was
negatively associated with gravidity (multigravidae vs primigravidae: -17.7+5.4%, p=0.001) in the
ANCOVA model. The mean difference between the groups increased after adjusting [BAP] for
gravidity but remained non-significant (+6.6+5.7%, p=0.2).

Overall mean percentage of [BAP] in [TAP] was 14.1+4.9%. There was a trend towards a higher
BAP/TAP % among HIV-positive compared to HIV-negative women although the difference between
the groups was not statistically significant (+9.6+5.5%, p=0.08; see Table 13). Gravidity, maternal
age, gestation age at PG36, and previous use of depo-provera did not have a significant effect on

plasma BAP/TAP % in the ANCOVA model.
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5.10. Summary of results at PG36

Median maternal age was 24.5 (IQR 21.1, 26.9) years, and not significantly different between the
groups. Overall 47% of the participants were primigravidae. A significantly smaller proportion of
HIV-positive women were primigravidae compared to HIV-negative women (38% vs 55%, p=0.002).
Overall, 71% of the women reported previous use of contraception and depo-provera injection was
the most preferred method. Previous exposure to depo-provera was significantly higher among HIV-
positive compared to HIV-negative women (44% vs 17%, p<0.0001). Consumption of calcium and
vitamin D rich foods was comparable between the groups. However, a smaller proportion of HIV-
positive women reported consumption of clay and clay products/herbs “emubwa” compared to HIV-

negative women (35% vs 59%, p=0.01).

Maternal height was not significantly different between the groups. However, body weight was 5%
(~3.4 kg) significantly lower in the HIV-positive group (p=0.03). Primigravidae women had 5.1%
significantly lower weight compared to multigravidae, and exposure to depo-provera was associated
with 6.5% more weight compared to no-exposure. After adjusting for parity and previous use of
depo-provera, HIV-positive women had 7% lower weight, and the difference between the groups

was highly significant (p<0.0001).

HIV- positive women had 1% significantly lower corrected [P-Ca], but the difference between the
groups was not significant after adjustment for gravidity (-0.9%, p=0.09). Plasma PO4, TmP/GFR and
TmCa/GFR were significantly lower in HIV-positive women (-9% and -11%, respectively). However,
eGFR and other plasma and urine biomarkers were not significantly different between the groups.
Mean plasma PTH concentration was 33% higher but mean [P1NP] was 26% lower among HIV-
positive women. Mean plasma B-CTX, BAP, TAP and serum 25(0OH)D concentrations were not
significantly different between the groups. None of the participants had serum 25(OH)D below
25nmol/L. With the exception of [P-Ca], the differences between the groups in plasma and urine
biomarkers were not explained by maternal age, gravidity, gestation age or previous use of depo-

provera.
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CHAPTER 6: RESULTS AT TWO WEEKS POSTPARTUM (PP2)

This chapter presents both maternal (sections 6.6 to 6.8) and infant outcomes (sections 6.9 to 6.10)
at 2 weeks postpartum (PP2). For all comparisons, the reference group for maternal outcomes is the
HIV-negative group and the reference group for infant outcomes was the HUI. Therefore, the sign of
all differences between the groups is for the comparison of HIV-positive vs HIV-negative (sections

6.6 to 6.8) or HEI vs HUI (sections 6.9 to 6.10).

All continuous maternal outcomes were adjusted for infant’s age (days) and sex (boys/qgirls),
exclusive breastfeeding (yes/no), maternal age (yrs.), parity (multiparae/primiparae), gestation age
(weeks, based on obstetric ultrasound scan at enrolment), previous use of depo-provera (yes vs. no).
All infant outcomes were adjusted for gestation age at birth (weeks), sex (male vs. female) birth
order (firstborn yes vs no) maternal age (years), exclusive breastfeeding (yes/no) and having beeniill

within 2 weeks prior to study visit (yes/no).

Unadjusted mean percent differences between the groups are presented in the summary tables, and
the adjusted results from parsimonious models are discussed in the text. All models contained a
group term. Unless explicitly mentioned, co-factors which are not mentioned in the text were not
significant in the fully adjusted models, and so they were excluded from the reported parsimonious

models.

6.1. Birth outcomes

A total of 191 women (97 HIV-positive, 94 HIV-negative) were active in the study at the end of PG36
and carried their pregnancy to term. Five women had stillbirths (1 HIV-positive women and 4 HIV-
negative) and were no longer involved in the study as per the protocol. A total of 186 women had
live births at term (96 HIV-positive and 90 HIV-negative women) and 5.5% of the deliveries were by

caesarean section.

6.2. Attendance at PP2

One HIV-exposed infant (HEI) and 3 HIV-unexposed infants (HUI) died within their first week of life,
so these mother-baby pairs were no longer involved in the study. The remaining 182 mother-baby
pairs were booked for a study visit at 2 weeks postpartum (PP2). Of these, 16 mother-baby pairs did
not attend the visit due to various reasons. In addition, 2 pairs could not be traced by either phone
or home visit, and 2 pairs withdrew themselves from the study. Eventually, 162 mother-baby pairs

attended the PP2 visit (84 HIV-positive and 78 HIV-negative).
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6.3. Infant health status and breastfeeding

Overall mean age of infants at the PP2 visit was 2.1+0.4 weeks, and there was a trend towards a
younger mean age among HUI (p=0.07, Table 14). Mean gestation age and birth weight were
40.9+1.8 weeks and 3.3+0.5kg, respectively, and not significantly different between the groups.
Overall, 49.5% of the infants were male, and their sex distribution was also not significantly different

between the groups (Table 14).

All infants were breastfeeding at PP2 visit. Overall, 71.9% of the infants had initiated breastfeeding
within the first one hour of birth. However, only 71.3% of the infants were exclusively breastfed
within the first 2 weeks of life. A greater proportion of HEI was exclusively breastfed compared to
HUI (82.9% vs 58.7%, p=0.0008). The most common drink offered to mixed-fed babies was plain

water (26.1%), although 3 HUI were also offered glucose water and formula milk.

Overall, 15.5% of the infants were reported to have been ill within the first 2 weeks of life.
Significantly fewer HEI were reported to have been sick compared to HUI (9.5% vs 22.1%, p=0.03).
Three percent of the infants were given over the counter multivitamin syrups. Overall, 90% of the
infants had received the relevant immunisations (polio 0 and BCG) as per the national immunisation
schedule. All HEI were on Nevirapine (NVP) syrup from birth as per the national PMTCT Option B-

plus guidelines.

Table 14 Infant health and breastfeeding at PP2

Variable Hvuneposed —— HIV Sxposed p-value
Age at PP2 visit, wks. (MeanSD) 2.1+0.4 2.2+0.5 0.07
Gestation age at birth, wks. (MeanSD) 40.8+1.7 40.9+2.0 0.8
Birth weight, kg (MeanzSD)! 3.3+ 0.6 3.3+ 05 0.6
Sex, Male (%) 50.6 48.3 0.8
Initiation of breastfeeding with 1hour (%) 65.8 77.4 0.1
Lactogenesis Il within 72 hours (%) 93.2 96.4 0.4
Exclusive breastfeeding (%) 58.7 82.9 0.0008
Been ill since birth (%) 221 9.5 0.03
Had a complete immunisation record (%) 86.8 92.9 0.2
Multivitamins (n, %) 3(3.8) 3(3.8) 0.9

1 birth weight was obtained from maternity discharge form where available. n= 71 HIV-unexposed infants and 79 HIV-exposed infants
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6.4. Maternal health status at PP2

The mean duration of ART was 17.4+5.7 (range 7.6 - 32.6) weeks. Median CD4 count was 400 (IQR
301-515; range 51-970) cells/m?). Median adherence to ART at PP2 100% (IQR 100%, 100%) based

on pill counts.

All mother-baby pairs were breastfeeding. Overall, 94.9% of the mothers reported copious milk
secretion (lactogenesis 1) within the first 72 hours after delivery, and their distribution was not
significantly different between the groups (Table 14). However, only 23.8% of the women had
received postpartum vitamin A supplementation as per the national recommendation. Sixty percent
of the women were still taking iron and folate supplements, and there was no significant difference
between the groups (22.9% vs 24.7% p=0.09). None of the participants reported taking vitamin D or

calcium supplements, drinking alcohol or smoking.
6.5. Consumption of calcium and vitamin D rich foods at PP2

Overall, the most commonly consumed calcium-rich foods were milk, small fish eaten with bones,
and cooked dry beans and peas (Figure 43). Consumption of milk and small fish eaten with bones

was not significantly different between the groups. However, a significantly greater proportion of
HIV-positive women reported consumption of cooked beans and peas compared to HIV-negative

women (82.9% vs 65.4%, p=0.02).

Unlike PG36, only 6 women reported consumption of cooked clay/clay products (Figure 43). A
smaller proportion of HIV-positive women reported consumption of nuts and seeds compared to
HIV-negative women (9.5% vs 21.8%, p=0.03). However, consumption of grasshoppers

“nsenene”and termites was higher among HIV-positive women (16.7% vs 3.9%, p=0.008).

Overall, consumption of food sources of vitamin D was not significantly different between the
groups (Figure 43). The most commonly consumed food sources of vitamin D were organ meats and
eggs. However, there was a trend towards lower consumption of vitamin D fortified margarine

among HIV-positive women compared to HIV-negative women (25.0% vs 39.7%, p=0.05).
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Proportions of women consuming selected calcium and vitamin D rich foods at PP2
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Figure 43: Consumption of selected calcium and vitamin D rich foods at PP2

6.6. Maternal anthropometry and body composition at PP2

6.6.1. Maternal anthropometry at PP2

Overall mean body weight was 61.4+10.2kg, but HIV-positive women had significantly lower weight
compared to HIV-negative women (-5.2% (3.6+0.5kg) p=0.04, Table 15). Weight was significantly
associated with parity (multiparae vs primiparae: 4.6+1.6kg, p=0.004), previous use of depo-provera
(yes vs no: +5.7+1.7kg, p<0.0001) and gestation age at delivery (B= +0.8+0.3kg per week, p=0.05) in
the ANCOVA model. After adjusting body weight for parity and previous exposure to depo-provera,
the mean difference between the groups increased to -8.6+2.3% and was highly significant

(p<0.0001).

Overall mean BMI was 24.8+4.0 kg/m? and not significantly different between the groups (p=0.2,
Table 15). BMI was significantly associated with parity (multiparae vs primiparae: +2.0+0.6 kg/m?,
p<0.0001), previous use of depo-provera (yes vs no: +1.7+0.7 kg/m?, p=0.01) and gestation age at
delivery (B= +0.3+0.2 kg/m? per week, p=0.03) in the ANCOVA model. After adjusting BMI for parity
and previous exposure to depo-provera, the mean difference between the groups increased to -

6.5+£2.6% and was highly significant (p=0.01).

Overall mean MUAC was 26.8+3.2cm and not significantly different between the groups (p=0.2,
Table 15). MUAC was significantly associated with both parity (multiparae vs.primiparae: +7.1+1.8%,
p<0.0001) and previous use of depo-provera (yes vs no: +4.6+2.0%, p=0.02) in the ANCOVA model.
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After adjusting MUAC for parity and previous exposure to depo-provera, the mean difference

between the groups increased to -4.6+2.0% and became significant (p=0.01).

Table 15 Summary of maternal anthropometry and body composition at PP2

HIV-negative HIV-positive Mean % Diff between

Variable (n=78) (n=84) the groups +SE p-value
MeanSD MeanSD (HIV+ vs HIV-)

Anthropometry
Weight, kg 63.2£11.1 59.849.0 -5.242.5 0.04
BMI, kg/m2 25.244.2 24.4+3.8 -3.3£2.3 0.2
MUAC, cm 27.1£3.4 26.5£2.9 -2.2+1.8 0.2
WBLH Composition by DXA
Lean Mass, kg 36.9+5.4 35.4+5.1 -4.0£2.3 0.08
Fat Mass, kg 20.8+8.0 19.2+7.0 -7.0£6.2 0.3
% Fat 35.2+8.7 34.5+8.2 +2.8+5.8 0.6
Fat:Lean? ratio (103 x kg/kg?) 15.9+6.5 16.1+6.7 +1.0£7.4 0.9

1 Mean % differences between the groups presented as sympercents=SE. All variables were transformed into natural logarithms*100
before statistical analysis using the ANOVA function in Datadesk software.

6.6.2. Maternal whole body composition measured by DXA at PP2

Overall total whole body-less-head (WBLH) lean mass was 36.1+5.3kg. There was a trend towards
lower lean mass among HIV-positive women compared to HIV negative women, although the
difference between the groups was not statistically significant (-4.0+2.3%, p=0.08; Table 15). Lean
mass was significantly associated with both parity (multipara vs primiparae: +5.8+2.3%, p=0.02) and
previous use of depo-provera (yes vs no: +6.1+2.6%, p=0.02) in the ANCOVA model. After adjusting
for parity and previous exposure to depo-provera, the difference in lean mass increased to 6.3+2.3%,

and the trend towards lower lean mass in HIV-positive women persisted (p=0.05).

Overall mean total WBLH fat mass was 20.0+7.5kg, and not significantly different between the
groups (p=0.3). Fat mass was significantly associated with previous use of depo-provera in the
ANCOVA model (yes vs no: +20.5+6.9%, p=0.003). After adjustment for previous exposure to depo-
provera, HIV-positive women had significantly lower fat mass compared to HIV-negative women (-
11.7+6.3%, p=0.006).

Overall mean fat:lean? ratio was 16.0+6.7 (10 x kg/kg?) and not significantly different between the
groups (p=0.9). Maternal age, parity, previous use of depo-provera, exclusive breastfeeding,
gestation age at delivery, and sex of the infant did not have significant effects on fat:lean? ratio in
the ANCOVA model.
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6.7. Breast milk mineral content at PP2

Table 16: Breast milk mineral content at PP2

_ HIV-negative HIV-positive t':g i?vr;;/‘;]?:;
Variable (n=78) (n=84) groups +SE p-value
(HIV+ vs HIV-)!
Calcium, mmol/L (MeanSD) 5.61+1.03 5.74+1.12 +2.0£3.3 0.5
Phosphorus, mmol/L (Mean+SD) 4.41+1.00 4.86+1.15 +9.7+3.8 0.01
Calcium/phosphate ratio (Mean+SD) 1.320.29 1.21+0.23 -7.7£3.2 0.02
Sodium, mmol/L (Median, IQR)? 8.4(6.4,10.3) 7.25(5.25,10.1) -15.2+8.9 0.09
Potassium, mmol/L (Mean£SD) 16.6+2.9 16.7+3.2 +0.7£3.2 0.8
Sodium/Potassium ratio (Median, IQR)  0.447 (0.375, 0.647)  0.348(0.297, 0.641) -16.0£10.9 0.1
Na/K ratio > 1.0 (n, %) 11 (14.5) 10 (11.9) - 0.6

1 Mean % differences between the groups presented as sympercents+SE. All variables were transformed into natural logarithms*100
before statistical analysis using the ANOVA function in Datadesk software.

6.7.1. Breast milk calcium and phosphorus at PP2

Overall mean breast milk phosphorus concentration [BM-P] was 4.64+1.10 mmol/L and significantly
higher among HIV-positive women compared to HIV-negative women (+9.7%, p=0.01). Mean breast
milk calcium concentration [BM-Ca] was 5.68+1.08 mmol/L and not significantly different between
the groups (p=0.5, Table 16). Mean breast milk calcium-phosphorus ratio (BM Ca/P) was 1.26+0.26

and lower among HIV-positive women compared to HIV-negative (-7.7%, p=0.02).

Maternal age, parity, previous use of depo-provera, exclusive breastfeeding, gestation age at
delivery, and sex of the infant did not have significant effects on [BM-P], [BM-Ca] or Ca/P in the
ANCOVA models.

6.7.2. Breast sodium and potassium at PP2

Overall median breast milk sodium concentration [BM-Na] was 7.60 mmol/L (IQR 5.60-10.2 mmol/L).
There was a trend towards lower mean [BM-Na] among HIV-positive women compared to HIV-
negative women, but the difference between the groups was not significant (-15.2+8.9%, p=0.09;
Table 16). Mean breast milk potassium concentration [BM-K] was 16.6+3.0 mmol/L and not

significantly different between the groups (p=0.8).

Median sodium-potassium ratio (BM Na/K) was 0.454 (IQR 0.338,-0.658 mmol/L). There was a -16.0
+10.9% difference in BM Na/K between the groups, but it was not significant (p=0.1). The overall
prevalence of BM Na/K above 1.0, a diagnostic criterion for sub-clinical mastitis, was 13% and there

was no significant difference between the groups (p=0.6).
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Overall, maternal age, parity, previous use of depo-provera, gestation age at delivery, exclusive

breastfeeding, and sex of the infant did not have significant effects on [BM-Na], [BM-K] or Na/K in

the respective ANCOVA models.

6.8. Maternal bone mineral at PP2

Table 17: Maternal bone parameters at PP2

HIV-Negative ~ HIV-Positive Mean % Diff between

Variable (n=77) (n=84) the groups +SE P-value
MeanSD MeanSD (HIV+ vs HIV-)

Whole Body Less Head (WBLH)?
Bone Mineral Content, BMC (g) 1470+193 1473+173 +0.3+2.0 1.0
Bone Area, BA (cm?) 1593+137 1578+114 -0.8£1.3 0.5
Bone Mineral Density, BMD (g/ cm?) 0.921+0.063 0.931+0.065 +1.1+1.1 0.3
Size adjusted BMC, SA-BMC (g) 3 1477+92 1499+97 +1.6+1.1 0.1
Total Hip (TH)*
Bone Mineral Content, BMC (g) 26.7+4.1 27.1+4.23 +1.6+2.5 0.5
Bone Area, BA (cm?) 28.9+3.0 28.7+2.3 -0.5£1.5 0.8
Bone Mineral Density, BMD (g/ cm?) 0.921+0.092 0.943+0.121 +2.1+1.8 0.3
Size adjusted BMC, SA-BMC (g) 3 26.2+2.6 27.1+3.3 +2.9+1.8 0.1
Lumbar Spine (LS)
Bone Mineral Content, BMC (g) 49.7+£9.2 49.3+7.4 -0.2£2.7 1.0
Bone Area, BA (cm?) 54.4+5.3 54.3+4.6 -0.1£14 1.0
Bone Mineral Density, BMD (g/ cm?) 0.909+0.110 0.906+0.094 -0.1£1.8 1.0
Size adjusted BMC, SA-BMC (g) 3 48.7+5.1 49.1+4.8 +0.8£1.6 0.6

1 Mean % differences between the groups presented as sympercents+SE. All variables were transformed into natural logarithms*100
before statistical analysis using the ANOVA and ANCOVA functions in Datadesk software.
2 Excludes one poor quality scan in the HIV-positive group.

3 Adjusted for BA, weight and height

3 Excludes two poor quality scans (one HIV-positive and one HIV-negative)

135



6.8.1. Whole body-less-head (WBLH) at PP2

Overall mean WBLH bone mineral content (BMC) was 147011829 and not significantly different
between the groups (p=1.0, Table 17). WBLH BMC was significantly associated with both maternal
age (B=-0.4+0.2% per year, p=0.05) and previous use of depo-provera (yes vs no: +5.5+2.2%, p=0.01)
in the ANCOVA model. When WBLH BMC was adjusted for maternal age and previous use of depo-
provera, the mean difference between the groups increased to -1.6+2.0% but remained non-

significant (p=0.4).

Overall mean WBLH bone area (BA) was 1585+125cm? and not significantly different between the
groups (p=0.5, Table 17). WBLH BA was significantly associated with previous use of depo-provera
(yes vs no: +3.5£1.4%, p=0.01) in the ANCOVA model. When WBLH BA was adjusted for previous use
of depo-provera using ANCOVA model, the difference between the groups increased to -1.7+1.3%

but remained non-significant (p=0.2).

Overall mean WBLH areal bone mineral density (aBMD) was 0.926+0.064 g/cm?and not significantly
different between the groups (p=0.3). WBLH aBMD was significantly associated with previous use of
depo-provera (yes vs no: +2.9+1.2%, p=0.02) in the ANCOVA model. When WBLH aBMD was
adjusted for previous use of depo-provera, the difference between the groups decreased to

+0.4%1.1% and remained non-significant (p=0.7).

There was a non-significant mean difference between the groups in WBLH size-adjusted BMC,
adjusted for BA, weight and height (+1.6%, p=0.1). When maternal age, parity, previous use of depo-
provera, sex of the infant and breastfeeding practice at PP2 were added into the ANCOVA model,
only BA (B=+1.310.1% per 1% increase in BA, p<0.0001) and weight (f=+0.40+0.05% per 1% increase
in weight, p<0.0001) remained significant. The difference between the groups increased to

+2.5+1.5% but remained non-significant (p=0.2).
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6.8.2. Total hip (TH) at PP2

Overall mean total hip (TH) BMC was 25.9 +4.1g, and there was a non-significant mean difference
between groups (+1.6%, p=0.5, Table 17). TH BMC was significantly associated with previous use of
depo-provera (yes vs no: +5.9+2.7%, p=0.03) in the ANCOVA model. When TH BMC was adjusted for
previous use of depo-provera using ANCOVA model, the difference between the groups decreased
to +0.2+2.5% (p=0.9).

Overall mean TH aBMD was 0.933+0.108 g/cm?. There was a non-significant +2.1% mean difference
in TH BMD between the groups but it was not statistically significant (p=0.3). Mean TH BA was
28.8+2.6cm? and also not significantly different between the groups (p=0.8,). Maternal age, parity,
previous use of depo-provera, gestation age at delivery, exclusive breastfeeding, and sex of the

infant did not have significant effects on either TH aBMD or BA in the respective ANCOVA models.

There was a non-significant mean difference between the groups in TH SA-BMC, adjusted for BA,
weight and height (+2.9%, p=0.1). When maternal age, parity, previous use of depo-provera, sex of
the infant and breastfeeding practice at PP2 were added into the ANCOVA model, only BA
(B=+1.1£0.1% per 1% increase in BA, p<0.0001) and weight (B=+0.210.1% per 1% increase in weight,
p=0.001) were significant. There was a trend towards higher SA-BMC, adjusted for BA and weight, in
HIV-positive women but the mean difference between the groups was not statistically significant
(+3.1+1.8%, p=0.09).

6.8.3. Lumbar spine (LS) at PP2

Overall mean lumbar spine (LS) BMC was 49.4+8.3g and not significantly different between the
groups (p=1.0, Table 17). Similarly, mean LS BA and aBMD were 54.3+4.9cm? and 0.901+0.102 g/cm?
respectively; and both were not significantly different between the groups. Maternal age, parity,
previous use of depo-provera, gestation age at delivery, exclusive breastfeeding, and sex of the

infant did not have significant effects on LS BMC, BA or aBMD in the respective ANCOVA models.

There was a non-significant mean difference between the groups in LS SA-BMC, adjusted for BA,
weight and height (1.6+0.8%, p=0.6). When maternal age, parity, previous use of depo-provera, sex
of the infant and breastfeeding practice at PP2 were added into the ANCOVA model, only BA (B=
+1.4+0.1% per 1% increase in BA, p<0.0001) and weight (= +0.20£0.05% per 1% increase in weight,
p=0.0002) were significant and the difference between the groups remained non-significant
(+1.1+1.6%, p=0.5).

137



6.9. Infant anthropometry, growth and body composition at PP2

Table 18 Infant anthropometry, growth and body composition at PP2

Mean % Difference

Variable HIV_?:E;E?)OSM HIV(}?:gL%SEd between groups +SE  p-value
(HIV+ vs HIV-)
Age at PP2 visit, weeks (MeanSD) 2.09£0.38 2.19+0.47 +4.,5+3.11 0.1
Weight, kg (MeanSD) 3.62+0.51 3.58+0.55 -1.3+2.41 0.6
Length, cm (MeanzSD) 51.5+2.2 51.3+x2.4 -0.5+0.71 0.5
Head Circumference, cm (MeanzSD)? 36.4+1.2 36.3x1.5 -0.4+0.61 0.5
Growth indices?
Weight-for-Age Z-scores (MeanSD) -0.15+£1.04 -0.32+£1.02 -0.16+0.164 0.3
Length-for-Age Z-scores (Mean+SD) -0.24+£1.15 -0.43+£1.18 -0.19+0.184 0.3
Head Circ-for-Age Z-scores (Mean+SD)? 0.72+1.04 0.53+1.18 -0.234£0.174 0.2
Weight-for-length Z-scores (MeanzSD) -0.26+1.21 -0.23+£1.27 -0.03+0.194 0.9
Whole Body Composition®
Lean mass, g (Median, IQR) 2883 (2644, 3196) 2913 (2619, 3255) -0.2+2.4 0.9
Fat mass, g (Median, IQR) 1065 (830,1344) 1032 (842, 1235) +2.5+6.8 0.7
% Fat (MeanzSD) 26.4+8.5 26.5£7.1 +2.845.8 0.6

1 Mean % differences between the groups presented as sympercentstSE. All variables were transformed into natural logarithms*100
before statistical analysis using the ANOVA and ANCOVA functions in Datadesk software.

2HIV-unexposed n 75, HIV-exposed n=81. Excludes 6 implausible measurements (4 due to documentation errors and 2 had Z scores > 4)
3 age and sex standardised indices calculated in STATA using WHO Anthro plug-in based on WHO 2006 reference standards

4Mean difference between the groups presented as Z —scores +SE using the HIV-unexposed group as the reference.

5 Excludes 13 poor quality WB DXA scans (10 HIV-exposed; 3 HIV-unexposed)

6.9.1. Infant anthropometry and growth at PP2

Overall mean infant weight was 3.6+0.5 kg and not significantly different between the groups (-1.3%,
p=0.6, Table 18). Weight was significantly associated with gestation age (B = +0.16+0.02kg per week,
p<0.0001), infant sex (boys vs. girls: +5.2+2.0%, p=0.01) and age (B= +0.03+0.01kg per day, p=0.02) in
the ANCOVA model. The mean difference between the groups in weight increased to -2.4+2.0% after

adjusting for sex, age and gestation age, but remained non-significant (p=0.2).

Overall infant length was 51.4+2.3 cm and not significantly different between the groups (p=0.5,
Table 18). Infant length was significantly associated with gestation age (B = +0.6+0.1 cm per week,
p<0.0001) and sex (boys vs girls +2.2+0.6%, p<0.0001) in the ANCOVA model. Adjusting length for
sex and gestation age did not have a material effect on the mean difference between the groups (-
0.7£0.6%, p=0.3).
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Overall mean infant head circumference was 36.4+1.4 cm and not significantly different between the
groups (p=0.5, Table 18). Head circumference was significantly associated with gestation age (B =
+1.2+0.1 cm per week, p<0.0001), infant sex (boys vs. girls: +1.7£0.5%, p=0.001) and age (B=
+0.2+0.1cm per day, p=0.003) in the ANCOVA model. The mean difference between the groups
increased to -0.8+0.5% after adjusting for sex, age and gestation age, but remained non-significant
(p=0.08).

All age and sex standardised growth indices, based on WHO 2006 growth standards, were also not

significantly different between the groups (Table 18). Overall mean weight-for-age Z-scores (WAZ),

length-for-age Z-scores (LAZ), head circumference-for-age Z-scores (HCAZ) and weight-for-length Z-
scores (WFLZ) were -0.24£1.03, -0.34+1.16, -0.60£1.08 and -0.24+1.24, respectively. There were no
significant sex differences for all Z-scores. Also, there were no significant differences between the

groups in all Z-scores when data were analysed separately for boys and girls.

6.9.2. Infant body composition at PP2

Overall median infant WB lean mass was 28859 (IQR 2641, 3240g) and not significantly different
between the groups (p=0.7, Table 18). Lean mass was significantly associated with gestation age (B =
+100.7+19.8 g per week, p<0.0001), birth order (first born yes vs. no: B =-185.6+76.0 g, p=0.02) and
sex (boys vs. girls +347.4+74.5 g, p<0.0001) in the ANCOVA model. Adjusting lean mass for sex, birth
order and gestation age did not have a material effect on the mean difference between the groups (-
1.2+2.0%, p=0.5).

Overall median infant whole body (WB) fat mass was 1051g (IQR 841, 1283g) and not significantly
different between the groups (p=0.6, Table 18). Fat mass was significantly associated with gestation
age (B = +3.5£0.7%, p<0.0001) and sex (boys vs girls: -14.7+6.3%, p=0.02) in the ANCOVA model. The
mean difference between the groups increased to +1.5+6.2%, after adjusting fat mass for sex and

gestation age, but remained non-significant (p=0.8).

Overall, mean percent fat was 26.5+7.8% and not significantly different between the groups (p=0.6,
Table 18). Percent fat was significantly associated with gestation age at birth (B = +82.6+15.7g per
week, p<0.0001) and infant sex (boys vs girls: -133.1+55.3g, p=0.02) in the ANCOVA model. The
mean difference between the groups in % fat increased to +1.3+6.2% in the final model (adjusted for

gestation age at birth and sex) but remained non-significant (p=0.8).
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6.10. Infant bone mineral at PP2

Table 19 Infant bone mineral at PP2

AR
HIV-unexposed HIV-exposed % Difference

Variable (n=78) (n=83) between the p-value

Mean+SD Mean+SD groups £5E

(HIV+ vs HIV-)t

Whole body?
Bone Mineral Content (g) 78.6x17.6 79.2+13.8 +1.9+3.5 0.6
Bone Area (cm?) 41652 42043 +1.1£1.9 0.6
Bone Mineral Density (g/cm?) 0.187+0.023 0.188+0.019 +0.8+1.9 0.7
Size adjusted BMC, SA-BMC (g) 3 77.246.1 77.7£8.9 +0.3£1.4 0.8
Lumbar Spine4
Bone Mineral Content (g) 1.89+0.28 1.72+0.30 -9.5+2.6 <0.0001
Bone Area (cm?) 9.19+0.76 8.74+0.9 -5.2£1.6 0.001
Bone Mineral Density (g/cm?) 0.205+0.024 0.197+0.028 -4.3+2.1 0.04
Size adjusted BMC, SA-BMC (g) 3 1.83+0.21 1.76+0.24 -4.9+2.2 0.02

1 Mean % differences between the groups presented as sympercents+SE. All variables were transformed into natural logarithms*100
before statistical analysis using the ANOVA and ANCOVA functions in Datadesk software.

2 Excludes 13 poor quality scans (10 HIV-exposed; 3 HIV-unexposed)

3 Adjusted for BA, weight and length

4Excludes 15 poor quality scans (7 HIV-exposed; 8 HIV-unexposed)

6.10.1. Infant whole body (WB)

Mean infant whole body (WB) BMC was 78.9 +15.8g and not significantly different between the
groups (p=0.6, Table 19). WB BMC was significantly associated with gestation age (B = +7.0£0.7% per
week, p<0.0001) in the ANCOVA model, and when adjusted for, the mean difference between the
groups reduced to +1.3+2.7% (p=0.6).

Overall mean infant WB BA was 418+47cm? and not significantly different between the groups
(p=0.6). Infant WB BA was significantly associated with gestation age (B = +3.6£0.4% per week,
p<0.0001) and exclusive breastfeeding (yes vs no: +4.2+1.8%, p=0.02) in the ANCOVA model, and
when adjusted for, the difference between the groups in WB BA remained non-significant
(-0.3+1.6%, p=0.9).

Overall mean infant WB aBMD was 0.185+0.02g/cm? and not significantly different between the
groups (p=0.7). Infant WB aBMD was significantly associated with gestation age (B = +3.5+0.4% per
week, p<0.0001) in the ANCOVA model, and when adjusted for, the difference between the groups

reduced to +0.5£1.5% and remained non-significant (p=0.7).
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SA-BMC (adjusted for WB BA, weight and length) was not significantly different between the groups
(p=0.8). When age, sex of infant, gestation age at birth, maternal age, birth order, breastfeeding
status and history of illness within the past 2 weeks were added into the ANCOVA model, the
significant variables were BA (B = +1.310.1% per 1% increases in BA, p<0.0001), weight (B =
+0.2+0.1% per 1% increase in weight, p=0.02), gestation age (B = +1.5+0.4% per week, p=0.0004) and
sex (boys vs. girls: +2.9+1.3%, p=0.03). Adjusting SA-BMC for gestation age and sex, did not have a
material effect on the results (+0.4+1.3%, p=0.8).

6.10.2. Infant lumbar spine (infant LS) at PP2

Overall mean infant LS BMC was 1.80+0.30g and significantly lower in HEI compared to HUI (-9.5%,
p<0.0001, Table 19). Infant LS-BMC was significantly associated with gestation age (B = +2.410.7%
per week, p=0.006) in the ANCOVA model. Adjusting infant LS BMC for gestation age did not have a
material effect on the results (-9.7+2.6%, p<0.0001).

Overall mean infant LS BA was 8.95+0.87cm?and 5.3% lower in HEI compared to HUI after (p=0.001).
Infant LS-BA was significantly associated with gestation age (B = +1.410.4% per week, p=0.001) in the
ANCOVA model. When infant LS BA was further adjusted for gestation, the difference between the
groups increased to -5.3+1.5% (p<0.0001).

Overall infant LS aBMD was lower among HIV-exposed infants compared to HIV-unexposed infants
(-3.4%, p=0.04). Gestation age at birth, age and sex, breastfeeding status, history of illness within the
past 2 weeks, birth order and maternal age did not have significant effects on aBMD in the ANCOVA

model.

Infant LS SA-BMC was significantly lower among HIV-exposed infants compared to HIV-unexposed
infants (-4.9%, p=0.02, Table 19). When infant age, sex, gestation age at birth, maternal age, birth
order, breastfeeding status and history of illness within the past 2 weeks were added into the
ANCOVA model, only BA (B = +0.8+0.1% per 1% increase in BA, p<0.0001) and length (B = +0.9+0.3%
per 1% increase in length, p=0.002) were significant, and the mean difference between the groups

remained significant (-4.9£2.3%, p=0.03).
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6.11. Summary of results at PP2

All women were breastfeeding. However, a greater proportion of HIV-positive women reported

exclusive breastfeeding compared to HIV-negative women (82.9% vs 58.7%, p=0.0008).

HIV-positive women had significantly lower body weight compared to HIV-negative women (-5.2%
(3.6+0.5kg), p=0.04). MUAC, BMI and body composition parameters were not significantly different
between the groups. The mean difference in weight between the groups increased to -8.6+2.3%
(p<0.0001) after adjusting for parity and previous exposure to depo-provera. Also, HIV-positive
women had significantly lower BMI, MUAC, lean mass and fat mass after adjustment for parity and

previous use of depo-provera.

Breast milk phosphorus concentration was significantly higher among HIV-positive women compared
to HIV-negative women (-9.7+3.8%). Thus, breast milk Ca/P ratio was lower among HIV-positive
compared to HIV-negative women (-7.7+2.6%). Breast milk calcium, sodium and potassium

concentrations were not significantly different between the groups.

All maternal bone mineral parameters were not significantly different between the groups at all
skeletal sites. Adjusting for maternal age, weight, height, parity, previous use of depo-provera,
gestation age at delivery, sex of the infant or breastfeeding practice did not have material effects on

the results.

Infant birth weight and anthropometric measurements at PP2 were not significantly different
between the groups. Likewise, age and sex standardised growth indices and body composition were
not significantly different between the groups. Gestation age at birth, age, sex, breastfeeding status,
history of illness within the past 2 weeks, birth order and maternal age did not have a significant

effect on weight, length and body composition parameters.

Infant whole body bone parameters were not significantly different between the groups. However,
all LS bone parameters were significantly lower in HEI compared to HUI (BMC -9.5%, p<0.0001; BA -
5.3%, p=0.001; aBMD -3.4%, p=0.04; and SA-BMC -4.6%, p=0.02). The differences between the
groups were not explained by infant weight, length, age, sex, gestation age at birth, breastfeeding

status, birth order or maternal age.
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CHAPTER 7: RESULTS AT 14 WEEKS POSTPARTUM (PP14)

This chapter presents both maternal (sections 7.6 to 7.9) and infant outcomes (sections 7.10 to 7.11)
at 14 weeks postpartum (PP14). For all comparisons, the reference group for maternal outcomes is

the HIV-negative group and the reference group for infant outcomes is HUI. Therefore, the sign of all
differences between the groups is for the comparison of HIV-positive vs HIV-negative (sections 7.6 to

7.9) or HEI vs HUI (sections 7.10 to 7.11).

All continuous maternal outcomes were adjusted for sex of the infant, exclusive breastfeeding (yes
Vs no), maternal age, parity (multiparae vs primiparae), gestation age at delivery, both previous and
current use of depo-provera (yes vs no), and resumption of menses. All infant outcomes were
adjusted for gestation age at birth (weeks), sex, birth order, maternal age, exclusive breastfeeding
(ves vs.no) and having been ill within 2 weeks prior to study visit. Unadjusted mean percent
differences between the groups are presented in the summary tables and the adjusted results are
discussed in the text. Unless explicitly mentioned, co-factors which are not mentioned in the text

were not significant in the ANCOVA models.

7.1. Attendance at PP14

A total of 178 mother-baby pairs (90 HIV-positive, 88 HIV-negative) were active in the study at the
end of the PP2 visit (Figure 41). Six mother-baby pairs missed the visit, 3 were lost to follow-up, and
3 withdrew at PP14. In addition, one HIV-positive mother stopped breastfeeding before 14 weeks
postpartum (because she was admitted to a mental health facility), hence, she was no longer
involved in the study. A total of 165 mother-baby pairs attended PP14 visit (84 HIV-positive, 81 HIV-
negative). One HIV-positive mother was confirmed pregnant on arrival for the visit. Therefore study

measurements were done only for the baby.

7.2. Infant health status and breastfeeding

Overall mean age of the infants at the PP14 visit was 14.2+0.5 weeks and not significantly different
between the groups (p=0.8, Table 20). All the infants were breastfeeding, but only 76.9% were
exclusively breastfed. The proportion of exclusively breastfed infants was significantly greater among
HEI compared to HUI (86.7% vs 66.2%, p=0.002). Cow’s milk was the most common food given to

mixed-fed infants.

Overall, 156 infants (98.1%) had a complete immunisation record, thus better coverage compared to
PP2. Sixty-five infants (41.1%) were reported to have been ill since the PP2 visit. The burden of
illness was significantly lower among HEI compared to HUI (32.5%, vs 50.7%, p=0.02).
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Seventy-five infants (45.5%) were on multivitamin syrups, commonly Grovit syrup, and the
distribution was not significantly different between the groups. All HIV-exposed infants received
nevirapine syrup from birth until 6 weeks of age and then switched to cotrimoxazole prophylaxis as

per the prevailing clinical guidance.

Table 20: Infant health and breastfeeding at PP14

Variable HIV(-:fgf)t Ive Hl\gpzcgei;;ive p-value
Age at visit, weeks (mean+SD) 14.1+0.5 14.3+0.5 0.8
Exclusive breastfeeding, (n, %) 51 (66.2) 72 (86.7) 0.002
Problem with breastfeeding (n, %) 11 (14.7) 4 (5.3) 0.06
Complete Immunisation record (n, %) 75 (98.7) 81 (97.6) 0.6
Been ill since PP2 visit (n, %) 38 (50.7) 27 (32.5) 0.02
Multivitamins (n, %) 41 (50.6) 34 (40.5) 0.2
Nevirapine ARV prophylaxis? - 83 (100)

Cotrimoxazole prophylaxist - 83 (100)

Lonly for HIV-exposed infants.

7.3. Maternal health status at PP14

All participants were breastfeeding at the PP14 visit. Fifteen women (10%) reported challenges with
breastfeeding (4 HIV-positive, 11 HIV-negative) and their distribution was not significantly different
between the groups (p=0.06). All HIV-positive women were still on first line PMTCT ART regimen at
PP14, and the median adherence to ART based on pill count was 100% (IQR 100%, 100%). The mean
duration of ART was 29.3+5.1 weeks (range 19.9 - 44.3 wks.). Median CD4countwas 403 (IQR 290-
528; range 51-984) cells/cm?. Viral load results were available for only 3 participants, and all were

undetectable (<50 copies/ml of venous blood).

Overall, 36.4% of the women had resumed menses, and their distribution was not significantly
different between the groups (HIV-positive 37.8% vs HIV negative 35%, p=0.7). Thus, 36.6 % of
participants had taken up a contraception method by PP14. Uptake of contraception was
significantly higher among HIV-positive compared to HIV-negative women (49.4% vs 23.5%,
p=0.0006). Depo-provera was the most preferred contraception method, used by 61.4% of the
women on contraception. Overall, when data were categorised by current use of depo-provera (yes
or no) for all the participants, 21.1% of the participants were on depo-provera. A significantly greater
proportion of HIV-positive women had postpartum exposure to depo-provera at PP14 compared to
HIV-negative women (28.6% vs 13.6%, p=0.02).
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Overall, use of supplements at PP14 was low compared to previous visits. Only 9 mothers reported
the use of multivitamin tablets (3 HIV positive and 6 HIV-negative). None of the participants

reported the use of Ca or vitamin D supplements, corticosteroids, smoking or drinking alcohol.

Fifteen women (9.5%) were diagnosed with UTIs based on urinalysis results from 2-hour fasted urine
- asmaller proportion compared to PG36 (see section 5.8.2). Trace protein was detected in the urine
of 17 women (10.8%), and the distribution was not significantly different between the groups. None

of the participants had glucose in urine.

7.4. Maternal physical activity at PP14

Table 21 Physical activity at PP14

Variable HIV negative HIV postive pvalue
Cleaning the house 0.7
Never (n, %) 6(7.4) 5 (6.0)

1-2 times a week (n, %) 13(16.) 10 (12)

Everyday (n, %) 62 (76.5) 68 (81.9)

Hand washing utensils and scrubbing pans 0.6
Never (n, %) 13 (16) 10 (12)

1-2 times a week (n, %) 10 (12.3) 8(9.6)

Everyday (n, %) 58 (71.6) 65 (78.3)

Hand washing clothes 0.4
Never (n, %) 2(2.5) 5(6)

1-2 times a week (n, %) 15 (18.5) 12 (14.5)

Everyday (n, %) 64 (79) 66 (79.5)

Ironing clothes 0.2
Never (n, %) 8(9.9) 12 (14.5)

1-2 times a week (n, %) 45 (55.6) 529 (62.7)

Everyday (n, %) 28 (34.6) 19 (22.9)

Walking for at least 30 minutes 0.003
Never (n, %) 15 (18.5) 26 (31.3)

1-2 times a week (n, %) 26 (32.1) 37 (44.2)

Everyday (n, %) 40 (49.4) 20 (24.1)

Carrying/Lifting heavy things 0.4
Never (n, %) 52 (64.2) 53 (64.6)

1-2 times a week (n, %) 22 (27.2) 26 (31.7)

Everyday (n, %) 7(8.6) 3(3.7)

The majority of women (80%) were engaged in household chores like cleaning the house and
washing utensils on a daily basis as presented Table 21. Unlike PG36, a greater proportion of
women (79.3%) reported hand washing clothes every day, as expected of women with small infants
in this population. However, fewer HIV-positive women reported walking for at least 30 minutes

compared to HIV-negative women (68.3% vs 81.5% p=0.003).
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7.5. Maternal diet of calcium and vitamin D rich foods at PP14

Milk and milk products, cooked dry beans and peas, and small fish eaten with bones (mukene and
enkejje) were the most commonly consumed food sources of calcium (Figure 44). There was a trend
towards a lower consumption of milk and milk products among HIV-positive vs HIV-negative women
(81.9% vs 92.3%, p=0.05). However, consumption of small fish eaten with bones was significantly

higher among HIV-positive compared to HIV-negative women (81.7% vs.63.0%, p=0.007).

Eggs, organ meats and margarine were the most commonly consumed dietary sources of vitamin D
(Figure 44). Significantly smaller proportions of HIV-positive women compared to HIV-negative
women reported consumption of organ meats (42.5% vs 59.3%, p=0.03); and there was a trend
towards a lower consumption of vitamin D fortified margarine among HIV-positive compared to

negative women (22.9% vs 37.0%, p=0.05).

Proportions of women consuming selected calcium and vitamin D rich foods at PP14
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Figure 44: Consumption of selected vitamin D and calcium-rich foods at PP14
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7.6. Maternal anthropometry and body composition at PP14

Table 22: Summary of maternal anthropometry and body composition at PP14

HIV-negative HIV-positive Mean % Diff between

Variable (n=81) (n=83) the groups +SE p-value
(HIV+ vs HIV-)!

Anthropometry
Weight, kg (Median, IQR) 59.9 (54.0,67.8)  56.9 (52.9, 64.3) -4.642.6 0.07
BMI, kg/m? (Median, IQR) 23.5(21.8,30.0)  23.0(21.6,26.2) -2.642.5 0.3
MUAC 26.7 (24.5,29.0) 26.0 (24.5, 28.9) -1.7£1.8 0.4
WBLH Composition
Lean Mass, kg (Median, IQR) 35.3(32.2,39.1)  33.8(31.4,36.9) 5.1+2.1 0.01
Fat Mass, kg (Median, IQR) 19.6(15.2,25.6)  19.0(14.7, 22.9) -2.645.7 0.6
% Fat, MeanSD 35.548.3 36.1(7.0) +2.7+4.9 0.6
Fat:Lean?*10-3kg/kg?, (Median, IQR)? 16.4(11.5,20.4)  17.4(12.7,21.9) +7.645.9 0.2

1 Mean % differences between the groups presented as sympercentstSE. All variables were transformed into natural logarithms*100
before statistical analysis using the ANOVA function in Datadesk software.

7.6.1. Maternal anthropometry at PP14

Overall median weight was 57.6 (IQR 53.3, 66.0) kg. There was a trend towards lower body weight
among HIV-positive compared to negative women, but the difference between the groups was not
statistically significant (-4.6+2.6%, p=0.07; Table 22). Weight was significantly associated with parity
(multiparae vs primiparae: +8.9+2.6%, p<0.0001) and previous use of depo-provera (yes vs no
+8.74£2.9%, p=0.003) in the ANCOVA model. After adjustment for parity and previous exposure to
depo-provera, HIV-positive women had significantly lower weight compared to HIV-negative women
(-8.0£2.5%, p=0.002).

Overall median BMI was 23.6kg/m? (IQR 21.9, 26.9) and not significantly different between the
groups (p=0.3). BMI was significantly associated with parity (multiparae vs primiparae: +10.0£2.5%,
p<0.0001) and previous use of depo-provera (yes vs no: +7.1+2.8%, p=0.01) in the ANCOVA model.
After adjustment for parity and previous exposure to depo-provera, HIV-positive women had

significantly lower BMI compared to HIV-negative women (-5.6+2.4%, p=0.02).

Overall median MUAC was 26.5¢cm (IQR 24.5, 29.0cm) and not significantly different between the
groups (p=0.4). MUAC was significantly associated with parity (multiparae vs primiparae: +7.4+1.8%,
p<0.0001) and previous use of depo-provera (yes vs no +4.9+2.0%, p=0.02) in the ANCOVA model.
After adjustment for parity and previous exposure to depo-provera, HIV-positive women had

significantly lower MUAC compared to HIV-negative women (-3.61.7%, p=0.04).
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7.6.2. Maternal body composition at PP14

Overall lean mass was 35.6kg (IQR 32.2, 39.4), and lower in HIV-positive compared to negative
women (-5.1%, p=0.01, Table 22). Lean mass was significantly associated with parity (multiparae vs
primiparae: +6.0+£2.1%, p=0.004) in the ANCOVA model. After adjustment for parity, the difference
between the groups increased to -6.1+2.0% and was highly significant (p=0.003).

Overall median WBLH fat mass was 19.1kg (IQR 15.0, 23.5) and not significantly different between
the groups (p=0.6). Fat mass was significantly associated with parity (multiparae vs primiparae:
+14.615.7%, p=0.01), previous use of depo-provera (yes vs no +24.9+6.5%, p<0.0001) and age of the
infant (B=-1.5+0.7% per day, p=0.04) in the ANCOVA model. After adjustment for age of the infant,
parity, previous and use of depo-provera, the difference between the groups increased to -9.1+5.5%

but remained non-significant (p=0.1).

Overall mean fat:lean? ratio was 16.0+6.6x107 kg/kg? and not significantly different between the
groups (p=0.9). Fat:lean? ratio was significantly associated with resumption of menses (yes vs no
+20.7+5.6%, p<0.0001), previous use of depo-provera (yes vs no +20.846.2%, p=0.001) and age of
the infant (B=-2.3+0.7% per day, p=0.002) in the ANCOVA model. Adjusting fat:lean? ratio for the
resumption of menses, previous use of depo-provera and age of the infant did not have a material

effect on the mean difference between the groups (-7.5£5.5%, p=0.2).
7.7. Maternal plasma and urine biochemistry at PP14

7.7.1 Plasma biochemistry at PP14

Overall mean [P-Alb] was 38.2+2.9 g/L, and significantly lower in HIV-positive compared to negative
women (-3.1£1.2%, p=0.008, Table 23). Maternal age, parity, resumption of menses, previous or
current exposure to depo-provera, exclusive breastfeeding, and sex of the infant did not have

significant effects on [P-Alb] in the ANCOVA model.

Overall mean uncorrected [P-Ca] was 2.33+0.10 mmol/L and lower in HIV-positive women compared
to HIV-negative women (-5.3+0.7%, p<0.0001). Mean corrected [P-Ca] was 2.46+0.08 mmol/L and
also significantly lower in HIV-positive women (-4.1+0.6%, p<0.0001). Parity was significantly
associated with both uncorrected (multiparae vs. primiparae: -1.7+0.7%, p=0.03) and corrected
(multiparae vs. primiparae: -1.4+0.6%, p=0.03) P-Ca concentrations in the ANCOVA model. Adjusting
for parity did not have a material effect on the mean percent difference between the groups in both

uncorrected (-5.0£0.7%, p<0.0001) and corrected (-3.9+0.6%, p<0.0001) plasma calcium.
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Mean [P-PO4] across the groups was 1.31+0.19 mmol/L. Unlike PG36, mean [P-PO,] was not
significantly different between the groups (-3.0£2.3%, p=0.2). Plasma phosphate concentration was
significantly associated with previous use of depo-provera (yes vs no: -6.8+2.7%, p=0.01) in the
ANCOVA model. Adjusting plasma [P-PO.] for previous use of depo-provera did not have a material

effect on the mean difference between the groups (-2.1+2.4%, p=0.4).

Overall mean [P-Cr] was 63.3x7.7 pmol/L. There was a trend towards higher [P-Cr] in HIV-positive
women, but the difference between the groups was not statistically significant (+3.4+1.8%, p=0.05).
Mean [P-Mg] was 0.798+0.062 mmol/L, and not significantly different between the groups (p=0.5).
Maternal age, parity, exclusive breastfeeding, resumption of menses, previous or current exposure
to depo-provera, and sex of the infant did not have significant effects on either [P-Cr] or [P-Mg] in

the respective ANCOVA models.

Table 23: Summary of maternal plasma and urine biochemistry at PP14

HIV Negative HIV Positive t':gf\?vr;(‘;/;?:;
Variables (n=81) (n=83) p-value
groups *SE
(HIV+ vs HIV-)!
Plasma
Albumin, g/L (Mean=SD) 38.8+2.9 37.6+2.8 -3.1+1.2 0.008
Calcium yncorrected, mmol/L (MeanzSD) 2.36+0.09 2.24+0.122 -5.31£0.7 <0.0001
Calcium corrected, mmol/L (MeanSD) 2 2.38+0.08 2.29+0.10 -4.1+0.6 <0.0001
Phosphate, mmol/L (MeanzSD) 1.33+£0.19 1.29+0.18 -3.0£2.3 0.2
Magnesium, mmol/L (MeanzSD) 0.802+0.071 0.795+0.051 -0.8+1.2 0.5
Creatinine, umol/L (MeanSD) 74.5£7.2 77.5£10.6 +3.4£1.8 0.05
Urine 345
UCa/Cr, mmol/mmol (Median, IQR) 6 0.015(0.006, 0.042)  0.009 (0.005, 0.026) -36.9+19.8 0.06
UP/Cr, mmol/mmol (Median, IQR) & 1.02 (0.617,1.48) 1.15(0.786, 1.54) +15.1+11.0 0.2
UMg/Cr, mmol/mmol (Median, IQR)®  0.181 (0.118, 0.260) 0.194 (0.137, 0.278) -10.1+£9.2 0.3
Renal parameters
eGFR ml/min/1.73 m2 (Median, IQR) 7 113 (103, 122) 111 (98.6, 122) -3.5%2.0 0.08
TmP/GFR, mmol/L GFR (MeanSD) 1.52 +0.28 1.42+0.26 -7.2£3.0 0.02
TmCa/GFR, mmol/L GFR (MeanzSD) 1.34+0.06 1.27+0.07 -5.8+0.8 <0.0001

1 Mean % differences between the groups presented as sympercentszSD. All variables were transformed into natural logarithms*100
before statistical analysis using ANOVA function in Datadesk software.

2 Plasma calcium normalised for albumin using Payne equation: Adjusted Serum Ca= Measured Ca+ ([40-serum albumin]*0.02)

3 The sample for one participant was not shipped from UK Uganda. Same participant without urine at PG36.

4Thirty-four measurements below the detection limit (0.02 mmol/L) were assigned half a detection (0.02mmol/L) before analysis. Data
presented here is similar to analysis with the original data values.

51QR =inter quartile range presented as 25th and 75th quartiles.

6 Urine UCa/Cr calcium/creatinine clearance, UP/Cr phosphate/creatinine clearance and UMg/Cr magnesium/creatinine ratios.
7 Calculated using CKD-EPI equation: eGFR (ml/min/1.73m2) = 144 x min (PCr/0.7)-0.329 x 0.993Age if [PCr] is <=0.7; and eGFR

(mI/min/1.73m2) = 144 x min (PCr/0.7)12%9x 0.993%¢¢ if [PCr] is >=0.7.
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7.7.2. Urine biochemistry at PP14

Overall median UCa/Cr was 0.010 (IQR 0.005, 0.032) mmol/mmol and there was a trend towards a
lower UCa/Cr in HIV-positive women (-36.9+19.8%, p=0.06; Table 23). Median UMg/Cr was 0.189
(IQR 0.123, 0.278) mmol/mmol and also not significantly different between the groups (p=0.3).
Maternal age, parity, exclusive breastfeeding, resumption of menses, previous or current exposure
to depo-provera, and sex of the infant did not have significant effects on either UCa/Cr or UMg/Cr in

the respective ANCOVA models.

Overall median UP/Cr was 1.12 (IQR 0.699, 1.50) mmol/mmol and not significantly different
between the groups (p=0.2). UP/Cr was significantly associated with exclusive breastfeeding (yes vs
no: +28.2+12.9%, p=0.03) in the ANCOVA model, and when adjusted for, the difference between the
groups reduced to +8.4+11.3 (p=0.5).

7.7.3. Renal parameters at PP14

Overall mean eGFR was 112+13 mL/min/1.73 m?, There was a trend towards lower eGFR among HIV-
positive compared to HIV-negative women, but the difference between the groups was not
significant (-3.5+2.0%, p=0.08; Table 23). Mean TmCa/GFR was 1.31+0.08 mmol/L was significantly
lower in HIV-positive women (-5.8%z0.8, p<0.0001). Maternal age, parity, exclusive breastfeeding,
resumption of menses, previous or current exposure to depo-provera, and sex of the infant did not

have significant effects on either eGFR or TmCa/GFR in the respective ANCOVA models.

Mean TmP/GFR was 1.47+0.28 mmol/L and lower among HIV-positive women compared to HIV-
negative women (-7.2%, p=0.02). TmP/GFR was significantly associated with previous use of depo-
provera (yes vs no: +30.2+11.9%, p=0.01) in the ANCOVA model. Adjusting for previous use of depo-

provera reduced the difference between the groups to -6.3+3.1% but remained significant (p=0.04).
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7.8. Maternal 25(OH)D, PTH and bone turnover markers at PP14

Table 24: Concentrations of calciotropic hormones and bone turnover markers at PP14

Mean % Diff between

Analyte Hlv(r’:lfgf)t ve HI\(/nIZc;s(,)i)tlive the groups +SE P-value
(HIV+ vs HIV-)?

Serum 25(0H)D (nmol/L), Median, IQR3 ~ 58.4 (49.7,70.4)  57.6 (44.3,71.3) -2.146.3 0.7
Plasma PTH (pg/mL), Median, IQR 41.4(29.5,58.8)  60.0(44.7,80.1) +35.3+7.6 <0.0001
Plasma CTX (ng/mL) (Mean+SD) 1.01+0.41 1.18+0.49 +15.6+7.5 0.04
Plasma P1NP (ng/mL) (Mean+SD) 158.3+49.3 164.0+65.6 +1.0+5.5 0.9
Plasma BAP (ug/L) Median, IQR 33.9(26.9,44.3) 37.6(31.3,53.5) +16.315.5 0.003
Plasma TAP(U/L) Median, IQR 121 (98.2, 138) 142 (113, 172) +19.2+4.0 <0.0001
Plasma %BAP/TAP (MeantSD) 29.7£4.9 29.0£5.5 -0.7£0.8 0.4

1 Laboratory analysis was done for participants with both blood and urine samples. HIV-positive group n=80
2 Mean % differences between the groups presented as sympercentszSD. All variables were transformed into natural logarithms*100

before statistical analysis using ANOVA function in Datadesk software.

3 Not analysed for all participants n=75 in HIV-negative group, n=43 in HIV-positive group

4 All samples analysed n-81 in HIV-positive group

7.8.1. Serum 25(0OH)D at PP14

The median serum [25(0OH)D] was 57.6 nmol/L (IQR 48.7-70.1) and not significantly different

between the groups (p=0.7, Table 24). Overall, 27.1% of the participants had serum [25(OH)D] below

50nmol/I, and their distribution was not significantly different between the groups (32.6% vs 24.0%,

p=0.3). None of the participants had [25(OH)D] below 25nmol/I.

Serum [25(0OH)D] was significantly associated with maternal age (B=-1.7£0.8% per year, p=0.02) and
age of the infant (B= +2.0+0.8% per day, p=0.01) in ANCOVA model. Adjusting [25(OH)D] for both

maternal and infant age increased the mean difference between the groups to -7.4+6.2% but

remained non-significant p=0.2.

7.8.2. PTH at PP14

Overall median plasma [PTH] was 50.5 pg/mL (IQR 35.7-70.9 pg/mL). HIV-positive women had

significantly higher [PTH] compared to HIV-negative women (+35.3%, p<0.0001, Table 24). Plasma

[PTH] was significantly associated with maternal age (B= +1.810.8% per year, p=0.03), parity

(multiparae vs. primiparae: +18.7+7.5%, p=0.01) and exclusive breastfeeding (yes vs. no:

+19.318.7%, p=0.03) in ANCOVA model. Adjusting [PTH] for maternal age, parity and exclusive

breastfeeding reduced the mean difference between the groups to +30.1+7.8% but remained highly

significant (p<0.0001).
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7.8.3.CTXatPP14

Overall mean [CTX] was 1.09+0.46 ng/mL. HIV-positive women had significantly higher [CTX]
compared to HIV-negative women (+15.6%, p=0.04, Table 24). Plasma [CTX] was significantly
associated with maternal age (B= +2.0+0.8% per year, p=0.01), parity (multiparae vs. primiparae: -
16.7+7.5%, p=0.03), resumption of menses (yes vs. no: -21.0+7.3%, p=0.004) and previous use of
depo-provera (yes vs. no: -22.5+8.6%, p=0.01) in ANCOVA model. Adjusting [CTX] for maternal age,
parity, previous use of depo-provera and resumption of menses increased the mean difference

between the groups to +25.0+£7.1% and was highly significant (p<0.0001).

7.8.4. PINP at PP14

Overall median [PANP] was 149 pg/mL (IQR 120-190 pg/mL) and not significantly different between
the groups (p=0.9, Table 24). Plasma [P1NP] was significantly associated with maternal age (B=
+1.2+0.6% per year, p=0.05) and previous use of depo (yes vs no: -20.5£6.1%, p=0.001) in ANCOVA
model. Adjusting [P1NP] for maternal age and previous use of depo-provera did not have a material

effect on the mean percent difference between the groups (+5.6£5.4%, p=0.3).

7.8.5. TAP and BAP at PP14

Overall median [TAP] was 128 (IQR 106, 152) U/L. HIV-positive women had significantly higher [TAP]
compared to HIV-negative women (+19.2%, p<0.0001, Table 24). Plasma [TAP] was negatively
associated with resumption of menses (yes vs no: -8.6+4.1%, p=0.04) and sex of the baby (male vs
female: -8.9+4.0%, p=0.03) in ANCOVA model. Adjusting [TAP] for the resumption of menses and sex
of the baby did not have a material effect on the mean difference between the groups (+19.7+4.0%,

p<0.0001).

Overall median [BAP] was 35.6 pug/L (IQR 28.8, 47.2). HIV positive women had significantly higher
[BAP] compared to HIV-negative (+16.3%, p=0.003). Maternal age, parity, resumption of menses,
previous and current exposure to depo-provera, exclusive breastfeeding, and sex of the infant did

not have significant effects on BAP in the ANCOVA model.

Overall mean percentage of BAP in TAP was 29.4+0.1% and not significantly different between the
groups (p=0.4). Plasma BAP/TAP% was significantly associated with parity (multiparae vs primiparae:
-6.4%£2.9%, p=0.03) in ANCOVA model. Adjusting for parity did not have a material effect on the
mean difference between the groups (-1.7+£2.9% (p=0.6).
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7.9. Breast milk mineral content at PP14

Table 25: Breast milk mineral content at PP14

HIV-Negative HIV-Positive Mean % Diff
Variable (n=77) (n=83) between the P-value
Mean+SD Mean+SD (Hgl\r/c:tu\?ssﬁls\/E- 1
Calcium, mmol/L, (MeanzSD)?2 4.46 +0.93 4.75 +1.04 +6.1+3.7 0.1
Phosphorus, mmol/L (Mean+SD) 4.31 £1.02 4.71 +0.96 +9.613.5 0.007
Calcium/phosphorus ratio, Mean+SD 1.01+0.19 1.020.21 -3.5+3.1 0.3
Sodium, mmol/L Median IQR) 4.10 (3.30, 5.55) 4.40 (3.28, 5.70) +11.1+10.5 0.1
Potassium, mmol/L (Mean£SD) 4 13.0+2.09 13.3+2.39 +4.5+3.2 0.2
Sodium/potassium ratio, Median IQR 5 0.326 (0.256, 0.432)  0.344 (0.254, 0.403) +11.1+10.5 0.3

1 Mean % differences between the groups presented as sympercentszSD. All variables were transformed into natural logarithms*100
before statistical analysis using ANOVA function in Datadesk software.

2includes 2 extreme values which don't affect results. Difference when included at PP2, +1.8+3.0, P=0.544; PP14 +4.7+3.0 p=0.113

3 Includes outliers 8 extreme values (5 HIV-positive, 3 HIV-negative) 3 at PP2 (1 HIV-positive, 2 HIV-negative) PP14 (4 HIV-positive, 1 HIV-
negative). When excluded, they did not affect the difference between the groups but the group*visit interaction p-value became non-
significant (changes from 0.026 to 0.275)

4Includes 2 HIV-negative women flagged as outliers at PP14. Exclusion does not affect results

SIncludes 9 outliers overall (5 HIV-positive, 4 HIV-negative) 3 at PP2 (1 HIV-positive, 3 HIV-negative) PP14 (4 HIV-positive, 1 HIV-negative).
When outliers are excluded there is no difference, although the almost significant group* visit interaction p-values (p=0.0.68) becomes
p=0.596

7.9.1. Breast milk calcium and phosphorus at PP14

Overall mean [BM-Ca] was 4.62+0.97 mmol/L and not significantly different between the groups
(p=0.1, Table 25). Maternal age, parity, previous or current exposure to depo-provera, resumption of
menses, exclusive breastfeeding, and sex of the infant and did not have significant effects on breast

milk calcium in the ANCOVA model.

Overall mean [BM-P] was 4.51+1.01 mmol/L. Similar to PP2, HIV-positive women had significantly
higher [BM-P] compared to HIV-negative women (+9.8%, p=0.002, Table 25). Resumption of menses
was significantly associated with [BM-P] in ANCOVA model (yes vs no: -10.4+3.6%, p=0.004).
Adjustment [BM-P] for the resumption of menses did not have a material effect on the mean
difference between the groups (+9.94£3.5%, p=0.005). Also, [BM-P] was significantly correlated with
maternal plasma [CTX] in a separate ANCOVA model (B = +0.13+0.04% per 1% increase in CTX,
p=0.0003).

Overall mean breast milk Ca/P ratio was 1.04+0.20 mmol/L and not significantly different between
the groups (p=0.3, Table 25). Breast milk Ca/P ratio was significantly associated with sex of the
infant (male vs female: +6.8+3.1%, p=0.03) in ANCOVA model. Adjusting breast milk phosphorus for
infant sex did not have a material effect on the mean difference between the groups (-3.6+3.1%,
p=0.3).
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7.9.2. Breast milk sodium and potassium

Overall median [BM-Na] was 4.2 (IQR 3.3, 5.6) mmol/L and not significantly different between the
groups (p=0.1, Table 25). Maternal age, parity, previous or current exposure to depo-provera,
resumption of menses, breastfeeding practice, and sex of the infant did not have significant effects
on [BM-Na] in the ANCOVA model.

Overall mean [BM-K] was 13.2+2.2mmol/L and not significantly different between the groups (p=0.2,
Table 25). BM-K was significantly associated with both maternal age (B=-0.6+0.3% per year, p=0.05)
and age of the infant (B= +0.8+0.3% per day, p=0.05). Adjusting [BM-K] for maternal age and infant

age did not have a material effect on the mean difference between the groups (+0.4+2.8%, p=0.9).

Overall median breast milk Na/K ratio was 0.57 (IQR 0.48, 0.66) and was also not significantly
different between the groups (p=0.3). Eight women (2 HIV-negative and 6-HIV positive) had breast
sodium/potassium ratio ratios > 1.0, a marker for sub-clinical mastitis. Maternal age, parity, previous

or current exposure to depo-provera, resumption of menses, breastfeeding practice, and sex of the

infant did not have significant effects on breast milk Na/K ratio in the ANCOVA model.

7.10. Maternal bone mineral at PP14

Table 26: Summary of maternal bone mineral at PP14

HIV-Negative HIV-Positive Mean % Diff between the

Variable (n=81) (n=83) groups +SE P-value
MeanSD MeanSD (HIV+ vs HIV-)!

Whole Body Less Head (WBLH)
Bone Mineral Content, BMC (g) 1451+201 1449+155 +0.2+1.9 0.9
Bone Area, BA (cm?) 1583+136 157397 -0.5£1.2 0.7
Bone Mineral Density, BMD (g/ cm?) 0.913+0.069 0.920+0.061 +0.6+1.1 0.5
Size adjusted BMC, SA-BMC (g)? 1470498 1482+89 +0.6+1.1 0.6
Total Hip (TH)
Bone Mineral Content, BMC (g) 25.8+3.9 26.0+4.4 +0.5+2.5 0.8
Bone Area, BA (cm?) 28.8+2.9 28.6x2.3 -0.8+1.4 0.6
Bone Mineral Density, BMD (g/ cm?) 0.894+0.105 0.908+0.121 +1.3+2.0 0.5
Size adjusted BMC, SA-BMC (g)? 25.5+2.9 26.1+3.3 +2.3+2.0 0.2
Lumbar Spine (LS)2
Bone Mineral Content, BMC (g) 48.4+8.8 48.3+7.1 +0.4+2.6 0.9
Bone Area, BA (cm?) 54.3t5.4 54.2+4.9 +0.001£1.5 1.0
Bone Mineral Density, BMD (g/ cm?) 0.887+0.104 0.889+0.089 +0.4+1.7 0.8
Size adjusted BMC, SA-BMC (g)? 47.8+4.8 48.3x4.7 +1.0£1.6 0.5

1 Mean % differences between the groups presented as sympercents=SE. All variables were transformed into natural logarithms*100
before statistical analysis using the ANOVA and ANCOVA functions in Datadesk software.
2 Adjusted for BA, body weight and height.
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7.10.1. Maternal WBLH bone mineral at PP14

Overall mean WBLH BMC was 1450+178 g and not significantly different between the groups (p=0.9,
Table 26). WBLH BMC was significantly associated with both previous (yes vs no: +5.9+2.2%,
p=0.007) and current use of depo-provera (yes vs no: -6.2+2.4%, p=0.01) in the ANCOVA model.
Adjusting WBLH BMC for both previous and current use of depo-provera further diminished the
mean difference between the groups (+0.02+2.0%, p=0.9).

Overall mean WBLH BA was 1578+118cm? and not significantly different between the groups (p=0.7,
Table 26). WBLH BA was significantly associated with both previous (yes vs no: +3.1+1.3%, p=0.02)
and current use of depo-provera (yes vs no: -3.5£1.5%, p=0.02) in the ANCOVA model. Adjusting
WBLH BA for both previous and current use of depo-provera did not change the mean difference

between the groups (-0.5.5+1.2%, p=0.7).

Overall mean WBLH aBMD was 0.916+0.065 g/cm?and and not significantly different between the
groups (p=0.5, Table 26). WBLH aBMD was significantly associated with previous use of depo-
provera (yes vs no: +2.9+1.3%, p=0.02) in the ANCOVA model. Adjusting WBLH aBMD for previous
use of depo-provera using ANCOVA model further diminished the difference between the groups
(+0.1+1.1%, p=0.9).

Mean WBLH SA-BMC (adjusted for BA, weight and height) was not significantly different between
the groups (p=0.6, Table 26). When maternal age, parity, previous use of depo-provera, sex of the
infant age and breastfeeding practice at PP14 were added into the ANCOVA model, only BA

remained significant (B=+1.4+0.1% per 1% increase in BA, p<0.0001); and the difference between

the groups remained non-significant (+0.9£1.0%, p=0.4).
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7.10.2. TH bone mineral at PP14

Overall mean TH BMC was 25.9+4.1g and not significantly different between the groups (p=0.8,
Table 26). TH BMC was significantly associated with previous use of depo-provera (yes vs no:
+9.91+2.8%, p<0.0001) in the ANCOVA model. Adjusting TH BMC for previous use of depo-provera
using ANCOVA model increased the difference between the groups to +1.4+2.5%, but remained non-

significant (p=0.6).

Overall mean TH BA was 28.9+2.6 cm?, and not significantly different between the groups (p=0.6,
Table 26). Maternal age, parity, previous or current exposure to depo-provera, resumption of
menses, breastfeeding practice, and sex of the infant did not have significant effects on TH BA in the
ANCOVA model.

Overall mean TH aBMD was 0.901+0.113 g/cm?. There was a +1.3% mean difference between the
groups in TH aBMD but was not statistically significant (p=0.5, Table 26). TH aBMD was significantly
associated with resumption of menses (yes vs no: +5.8+2.2%, p=0.008), previous use of depo-
provera (yes vs no: +6.4+2.3%, p=0.006) and current use of depo-provera (yes vs no: -5.6+2.7%,
p=0.04) in the ANCOVA model. Adjusting TH aBMD for the resumption of menses, current and

previous use of depo-provera decreased the difference between the groups to +0.7+2.1% (p=0.7).

There was a +2.3% mean difference between the groups in TH SA-BMC (adjusted for BA, weight and
height) but was not statistically significant (p=0.2, Table 26). When maternal age, parity, previous
use of depo-provera, sex of the infant age and breastfeeding practice at PP14 were added to the
ANCOVA model, only BA (B=+1.01£0.1% per 1% increase in BA, p<0.0001), weight (B=+0.24+0.06% per
1% increase in weight, p=0.002) and resumption of menses (yes vs. no: +4.6+2.0%, p=0.02) were

significant; and the difference between the groups remained non-significant (+2.2+1.9%, p=0.3).

7.10.3. Maternal LS bone mineral at PP14

Overall mean LS BMC was 48.3 £7.9g and not significantly different between the groups (p=0.9,
Table 26). LS BMC was significantly associated with current use of depo-provera (yes vs no: -
6.3+3.2%, p=0.05) in the ANCOVA model. Adjusting LS BMC for current use of depo-provera

increased the difference between the groups to +1.4+2.6%, but remained non-significant (p=0.6).

Overall mean LS BA was 54.3+5.1 cm? and not significantly different between the groups (p=1.0,
Table 26). LS BA was significantly associated with current use of depo-provera (yes vs no: -4.0+£1.8%,
p=0.03) in the ANCOVA model. Adjusting LS BA for current use of depo-provera increased the

difference between the groups to +0.6+1.5%, but remained non-significant (p=0.7).
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Overall mean LS aBMD was 0.907+0.102 g/cm? and not significantly different between the groups

(p=0.8, Table 26). LS aBMD was significantly associated with age of the infant (B = -0.6£0.2% per day,

p=0.01) in the ANCOVA model. Adjusting LS aBMD for the age of infant increased the difference

between the groups to +1.1+1.7%, but remained non-significant (p=0.5).

There was a non-significant +1.0% mean difference between the groups in LS SA-BMC (adjusted for

BA, weight and height) (p=0.5, Table 26). When maternal age, parity, previous use of depo-provera,

sex of the infant and breastfeeding practice at PP14 were added into the model, only BA

(B=+1.3£0.1% per 1% increase in BA, p<0.0001), weight (B=+0.17£0.05% per 1% increase in weight,

p=0.005) and age of the infant (B=-0.6£0.2% per day, p=0.01) were significant. Adjusting SA-BMC for

BA, weight and age of infant increased the mean difference between the groups to +1.7+1.6%, but

remained non-significant (p=0.3).

7.11. Infant anthropometry, growth and body composition at PP14

Table 27: Infant anthropometry, growth and body composition at PP14

HIV-Unexposed  HIV-Exposed  Mean % Diff between

Variable (n=81) (n=85) the groups +SE P-value
(HIV+ vs HIV-)!

Anthropometry
Weight, kg (Mean+SD) 6.5+0.8 6.10.8 -5.9+2.11 0.004
Length, cm (Mean+SD) 61.5£2.6 60.3£2.5 -2.0+0.71 0.002
Head circumference, cm (MeanzSD)?2 41.1+1.5 40.9+1.4 -0.7£0.61 0.2
Growth indices?
Weight-for-Age Z-scores, WAZ (MeanzSD) 0.21+1.04 -0.27+1.02 -0.47+0.164 0.003
Length-for-Age Z-scores, LAZ (MeanSD) 0.03x1.27 -0.49+1.09 -0.53+0.184 0.005
Head Circ-for-Age Z-scores, (Mean+SD)? 0.66+1.16 0.43+1.08 -0.23+0.184 0.2
Weight-for-length Z-scores, WFLZ (Mean+SD) 0.29+1.17 0.20+1.19 -0.09+0.184 0.6
Whole body composition>
Lean Mass (g) (MeanzSD) 37891847 35561628 -5.2+3.2 0.1
Fat Mass (g) (MeanzSD) 31581993 29804869 -2.7+6.1 0.7
% Fat, Mean+SD 44.6x12.1 44.919.8 +2.7£4.9 0.6

1 Mean % differences between the groups presented as sympercents+SE. All variables were transformed into natural logarithms*100

before statistical analysis using the ANOVA function in Datadesk software
2 excludes 4 extreme measurements (HIV-unexposed n 79, HIV-exposed n=83)

3 age and sex standardised indices calculated in STATA using WHO Anthro plug-in based on WHO 2006 reference standards

4difference in Z —scores +SE. Data not log transformed
5adjusted for sex and age
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7.11.1. Infant anthropometry and growth indices at PP14

Overall mean infant weight was 6.3+0.8 kg. HEI had 5.9% significantly lower weight compared to HUI
(p=0.004, Table 27). Weight was significantly associated with gestation age at birth (B = +0.14+0.03
kg per week, p<0.0001), infant sex (boys vs. girls: +0.5£0.1 kg, p<0.0001) and age at PP14 (B=
+0.03+0.02 kg per day, p=0.02). The mean difference between the groups was highly significant after
adjusting infant weight for age at PP14, gestation age and sex in the ANCOVA model (-6.1£1.9%,
p=0.001).

Overall mean infant length was 60.9+2.3 cm. HEI were significantly shorter compared to HUI (2.0%,
p=0.002, Table 27). Length was significantly associated with gestation age at birth (8 = +0.3£0.1 cm
per week, p=0.0004), age at PP14 (B= +0.14+0.05 cm per day, p=0.005), infant sex (boys vs. girls:
+2.0£0.3 cm, p<0.0001) and maternal age (B = +0.10+0.04 cm per year, p=0.01). Adjusting infant
length for gestation age, maternal age, infant age and sex did not have a material effect on the mean

difference between the groups in the ANCOVA model (-1.8+0.6%, p=0.003).

Mean head circumference was 40.9+1.5 cm and not significantly different between the groups
(p=0.2). Head circumference was significantly associated with gestation age at birth (B = +0.32+0.05
cm per week, p<0.0001), infant sex (boys vs. girls: +1.0+0.1 cm, p<0.0001) and age at PP14 (B=
+1.0+0.3cm, p=0.0008) in the ANCOVA model. There was a trend towards lower mean head

circumference in HEI after adjusting for gestation age, age at PP14 and sex (-0.9+0.5%, p=0.05).

Mean WAZ and LAZ were -0.03£1.05 and -0.24+1.21, respectively. HEI had significantly lower WAZ
and LAZ compared to HUI. Mean HCAZ and WFLZ were respectively +0.54+1.12 and -0.24+1.18 and
not significantly different between the groups (Table 27). The differences between the groups were
similar when WAZ was analysed by sex (boys: -0.5+0.2%, p=0.02; girls: 0.5+£0.2%, p=0.03). There was
also a -0.5+0.2% mean difference between the groups in HAZ for both boys and girls, but the
difference in girls was not significant (boys p=0.04; girls p=0.06). There were no significant

differences between boys and girls in both HCAZ and WFLZ.
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7.11.2. Infant body composition at PP14

Median WB lean mass was 3534 g (IQR 3190, 4037¢g) and not significantly different between the

groups (p=0.1, Table 27). Lean mass was significantly associated with sex (boys vs. girls: +410+118 g,

p<0.0001), birth order (first born yes vs. no: -244+121 g, p=0.05) and maternal age (B = +32.1+13.3 g

per year p=0.02) in the ANCOVA model. Adjusting infant lean mass for maternal age, birth order and

infant sex did not have a material effect on the mean difference between the groups (-4.9+3.1%,

p=0.1).

Overall median WB fat mass was 3070g (IQR 2438, 3649¢) and not significantly different between

the groups (p=0.7, Table 27). Fat mass was significantly associated with gestation age at birth (B =

+95+39 g per week, p=0.01) and exclusive breastfeeding (yes vs no: +392+169g, p=0.02) in the

ANCOVA model. Adjusting fat mass for gestation age and exclusive breastfeeding did not have a

material effect on the results (-6.5£6.0%, p=0.2).

The mean percent fat was 44.8+11.0% and not significantly different between the groups (p=0.6,

Table 27). Infant age, sex, gestation age at birth, history of illness since the PP2 visit, exclusive

breastfeeding, birth order and maternal age) did not have significant effects on the percent fatin

ANCOVA model.

7.12. Infant bone mineral at PP14

Table 28: Infant bone mineral at PP14

HIV-Unexposed HIV-Exposed Mean % Diff between

Variable (n=76) (n=80) the groups +SE P-value
Mean+SD Mean+SD (HIV+ vs HIV-)!

Whole body
Bone Mineral Content, BMC (g) 140+20 133+19 -4.8+2.6 0.06
Bone Area, BA (cm?) 634+56 612+55 -3.5¢1.5 0.02
Bone Mineral Density, BMD (g/cm2) 0.219+0.017 0.216+0.017 -1.3+1.3 0.3
SA-BMC (g)? 13447 136+9 +0.7+1.0 0.5
Lumbar Spine
Bone Mineral Content, BMC (g) 2.37+0.37 2.29+0.39 -3.3+2.8 0.2
Bone Area, BA (cm?) 11.7+0.9 11.2+#1.0 -4.3t1.4 0.002
Bone Mineral Density, BMD (g/cm2) 0.201+0.024 0.203+0.024 +1.1+2.0 0.6
SA-BMC (g) 2 2.28+0.26 2.35£0.26 +3.6£2.0 0.07

1 Mean % differences between the groups presented as sympercents=SE. All variables were transformed into natural logarithms*100

before statistical analysis using the ANOVA function in Datadesk software.
2 Adjusted for BA, body weight and length
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7.12.1. Infant WB bone mineral at PP14

Mean infant WB BMC was 136.2 £19.8 g. There was a trend towards lower WB BMC among HIV-
exposed infants compared to HIV-unexposed infants, but the difference between the groups was not
significant (-4.8%, p=0.06; Table 28). Infant WB BMC was significantly associated with gestation age
at birth (B = +2.9+0.6% per week, p<0.0001) in the ANCOVA model. Adjusting WB BMC for gestation
age reduced the difference between the groups to -3.1+2.6% (p=0.2).

Mean infant WB BA was 623 +56 cm?. HEI had significantly lower WB BA compared to HUI (3.5%
p=0.02, Table 28). WB BA was significantly associated with gestation age at birth (B = +1.6+0.4% per
week, p<0.0001), sex (boys vs. girls: +6.0£1.4%, p<0.0001), history of illness since PP2 visit (yes vs.
no: -4.9+2.0%, p=0.01) and maternal age (B = +0.4£0.1% per year, p=0.01) in the ANCOVA model.
Adjusting WB BA for gestation age, sex, history of illness visit and maternal age slightly reduced the

mean difference between the groups but remained significant (-3.3£1.5%, p=0.03).

Mean infant WB aBMD was 0.219 +0.017 g/cm? and not significantly different between the groups
(p=0.3, Table 28). WB aBMD was significantly associated with gestation age at birth (B = +1.5+£0.3%
per week, p<0.0001) and age at PP14 (B = +0.4+0.2% per day, p=0.02) in the ANCOVA model.
Adjusting WB aBMD for gestation age and age of infant increased the difference between the groups

to +1.8+1.2% but remained non-significant (p=0.1).

Mean infant WB SA-BMC (adjusted for WB BA, weight and length) was not significantly different
between the groups (p=0.5, Table 28). When infant age and sex, gestation age at birth, maternal
age, birth order, breastfeeding status and history of illness within the past 2 weeks were added into
the ANCOVA model, the significant variables were BA (B = +1.3+1.1% per 1% increase in BA,
p<0.0001), weight (B = +0.3+0.1% per 1% increase in weight, p=0.001), length (B = -0.5+0.2% per 1%
increase in length, p=0.001), gestation age at birth (B = +0.7+0.3% per week, p=0.01), age at PP14 (j
=+0.3£0.1% per day, p=0.05), and history of iliness (yes vs. no: +3.4£1.4%, p=0.01). Adjusting SA-
BMC for gestation age, age at PP14 and history of iliness did not have a material effect on the mean

difference between the groups (+0.4+1.1%, p=0.7).
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7.12.2. Infant LS bone mineral at PP14

Overall mean infant LS BMC was 2.33+0.38 g and not significantly different between the groups
(p=0.2, Table 28). Infant LS BMC was significantly associated with gestation age at birth (B =
+2.9£0.7% per week, p<0.0001) in the ANCOVA model. Adjusting infant LS BMC for gestation age did

not have a material effect on the mean difference between the groups (-3.2+2.6% p=0.2).

Mean infant LS BA was 11.5+1.0 cm?. HEI had significantly lower LS BA compared to HUI (-4.3%
p=0.002, Table 28). LS BA was significantly associated with gestation age at birth (B = +1.1+0.3% per
week, p=0.003), infant age (B = +0.4+0.2% per day, p=0.03) and sex (boys vs. girls: +4.0+£1.3%,
p=0.002) in the ANCOVA model. Adjusting infant LS BA for gestation age, infant age and sex did not
have a material effect on the results (-4.3+1.3%, p=0.001).

Mean infant LS aBMD was 0.204+0.024 g/cm? and not significantly different between the groups
(p=0.6, Table 28). LS aBMD was significantly associated with gestation age at birth ( = +1.9+0.5%
per week, p=0.0004) in the ANCOVA model. Adjusting infant LS aBMD for gestation age did not have
an effect on the difference between the groups (+1.1+1.9%, p=0.6).

There was a trend towards higher mean LS SA-BMC among HIV-exposed infants compared to HIV
exposed infants after LS BMC was adjusted for BA, weight and length in ANCOVA model (+3.6£2.0%,
p=0.07, Table 28). When infant age and sex, gestation, maternal age, birth order, breastfeeding
status and history of illness within the past 2 weeks were added into the ANCOVA model, only BA (B
=+1.3+1.1% per 1% increase in BA, p<0.0001) and gestation age at birth were significant (B =
+1.5+0.5% per week, p=0.005). Adjusting infant LS SA-BMC for gestation age at birth reduced the
mean difference between the groups to +3.0+2.0% (p=0.1).
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7.13. Summary of results at PP14

All mother-baby pairs were breastfeeding, but a significantly greater proportion of HIV-positive
women (86.7%) were exclusively breastfeeding compared to 66.2% among HIV-negative women
(p=0.002). Also, the proportion of women with postpartum exposure to depo-provera was greater in

the HIV-positive group compared to the HIV-negative group.

Overall maternal consumption of dietary sources of calcium and vitamin D was not significantly
different between the groups. However, a greater proportion of HIV-positive compared to negative
women reported consumption of small fish with bones. The majority of participants routinely
engaged in physical activities mostly household chores like cleaning utensils, hand washing clothes

among others, but fewer HIV-positive women reported walking for at least 30 minutes a day.

HIV-positive women had lower lean mass compared to HIV-negative women (-5.1%). Mean fat mass,
body weight, BMI and MUAC) were not significantly different between the groups although the

mean values for all anthropometric measurements were lower in HIV-positive women.

There were no significant differences between the groups in mean maternal bone mineral
parameters (BMC, BA, aBMD and SA-BMC) at all the skeletal sites. However, there was a trend
towards higher TH SA-BMC (adjusted for weight, height and BA) compared to HIV-negative women
although the difference between the groups was not significant (+2.3£2.0%, p=0.2).

Overall mean albumin-corrected [P-Ca], estimated GFR (by CKD-EPI equation), TmP/GFR and
TmCa/GFR were significantly lower but [P-Cr] was higher in HIV-positive compared to negative
women. Other plasma biochemistry were not significantly different between the groups. Mean
[PTH], [CTX] and [BAP] were significantly higher in HIV-positive women compared to HIV-negative
women. However, mean [25(0OH)D] and [PANP] were not significantly different between the groups.
Mean [BM-P] was higher among HIV-positive compared to negative women (+9.8%, p=0.002), and
significantly correlated with maternal plasma [CTX] in a separate ANCOVA model (B = +0.13+0.04%
per 1% increase in CTX, p=0.0003). However, [BM-Ca], [BM-Na], BM Ca/P, [BM-Na] and [BM-K] were

not significantly different between the groups.

HEI had significantly lower weight (-5.9%) and length (-2.0%) compared to HUI. Also, WAZ and LAZ
were significantly lower in HEI compared to HUI although the group means were within the normal
range. HEI also had 6.3% lower lean mass compared to HUI. Both head circumference and HCAZ

were not significantly different between the groups.
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HEI had significantly lower WB BMC compared to HIV-unexposed infants (-5.3%, p<0.0001). They
also had a trend towards lower LS BMC although the difference between the groups was not
significant (-3.7%, p=0.06). Both WB and LS BA were lower in HEI compared to HUI. However, WB
and LS aBMD were not significantly different between the groups. Also, both WBLH and LS SA-BMC
(adjusted for BA, body weight and length) was not significantly different between the groups,

showing that HEI had adequate bone for attained body size.
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CHAPTER 8: LONGITUDINAL RESULTS

This chapter presents longitudinal changes in maternal (sections 8.1 to 8.5) and infant outcomes
(sections 8.6 to 8.7). Results were obtained from Scheffé post hoc tests for group*visit (time point)
interaction terms in hierarchical repeated measures ANOVA and ANCOVA models that included
subject (nested by group), group, visit, and group*visit interaction. For all comparisons, the
reference group for maternal outcomes is the HIV-negative group and the reference group for infant
outcomes is HUI. Therefore, the sign of all differences between the groups is for the comparison of

HIV-positive vs HIV-negative (sections 8.1 to 8.5) or HEI vs HUI (sections 8.6 to 8.7).

The variance for each group at each visit is smaller in the nested longitudinal models than in cross-
sectional models because the subject is nested within the group and thereby between-individual
variation is minimised. Therefore, some of the differences between the groups that were not
significant in the cross-sectional analysis (presented in chapters 5, 6 and 7) became significant in the
longitudinal models. The significant group differences in the longitudinal models are highlighted on
the figures by an asterisk at the corresponding visit, presented as the difference (Diff, p=value)* and

discussed in the text.

All maternal outcomes were adjusted for exclusive breastfeeding (yes vs no), iliness in the baby, and
exposure to depo-provera (yes vs no). All infant outcomes were adjusted for breastfeeding status
and illness within 2 weeks of the study visit. Other factors (maternal age, parity and infant sex) were
not included in the longitudinal models because they were not anticipated to change. Resumption of
menses was also not included because data were available only at PP14. Unadjusted results are
presented in the summary tables, and the adjusted results are discussed in the text. Unless explicitly
mentioned, co-factors which are not mentioned in the text were not significant in the nested GLM

models.
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8.1. Changes in maternal anthropometry and body composition

8.1.1. Changes in maternal anthropometry

Table 29: Mean percent changes in maternal anthropometry between visits

HIV-Negative HIV-Positive Group*visit
(%LSE)* p-value (%LSE)* p-value in:f\rlz?fji;m
PG36-PP2 (n=77) (n=84)
Weight (kg) -8.7£0.7 <0.0001 -9.5+0.7 <0.0001 0.2
MUAC (cm) -0.003+0.8 0.9 -0.820.7 0.6 0.5
PP2-PP14 (n=73) (n=81)
Weight (kg) -1.4%0.7 0.1 -0.8+0.7 0.5 0.8
BMI (kg/m?) -1.0£0.7 0.4 -0.740.7 0.6 0.7
MUAC (cm) +0.31£0.8 0.9 +1.310.7 0.2 0.1
PG36-PP14 (n=73) (n=80)
Weight (kg) -10.1+0.7 <0.0001 -10.3+0.7 <0.0001 0.7
MUAC (cm) +0.31£0.8 0.9 +0.6£0.7 0.8 0.6

1 Mean % changes presented as sympercentstSE. All variables were transformed into natural logarithms*100 before statistical analysis in
DataDesk software. Results were obtained from Scheffés post hoc tests for group*visit (time point) interaction terms in hierarchical
repeated measures ANOVA models that included subject (nested by group), group, visit, and group*visit interaction.

As expected, both groups significantly lost weight between PG36 and PP2; but there were no
significant changes in weight between PP2 and PP14 (Table 29). Also, there were no significant
changes in MUAC between PG36 and PP14 in both groups. The magnitudes of change in both weight
and MUAC were not significantly different between the groups (Figure 45). Exposure to depo-
provera was negatively associated with weight in the nested ANCOVA model (yes vs no: -3.6+1.1%,
p<0.0001). Adjusting for the use of depo-provera (either pre-or post-index pregnancy) did not have
a material effect on the difference between the groups in changes in weight (-10.5% vs -10.1%,
p=0.7).

The mean difference in weight between the groups at each visit was significant in the unadjusted
model, and the differences were similar to those observed in the cross-sectional analysis (e.g. at

PP14 longitudinal model: -4.9+0.7%, p<0.0001 vs cross-sectional model: -4.6+2.6%, p=0.07).
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Figure 45(a)
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Figure 45: Change in maternal anthropometry (PG36-PP14)

BMI=Body mass index (kg/m?), MUAC= Mid-upper-arm circumference (cm); Diff = mean sympercent difference between the groups+SD.
Results were obtained from Scheff’e post hoc tests for group*visit (time point) interaction terms in hierarchical repeated measures
ANOVA models that included subject (nested by group), group, visit, and group*visit interaction. The number of subjects included in the
analysis was 96 HIV-negative and 93 HIV-positive mothers. Figure 45 (d) Bars and error bars represent the mean+SE sympercent changes
within the groups between PG36 and PP14. The p- values shown above the bars are for between-group comparison of mean % changes

between PG36 and PP 14 for the corresponding parameter.
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8.1.2. Changes in maternal WBLH body composition

Table 30: Mean percent change in maternal body composition measured by DXA (PP2 - PP14)

HIV-Negative HIV-Positive Group™*visit
(n=74) (n=81) interaction
(%A+SE) p-value (%A+SE) p-value p-value
Fat Mass (g) +2.243.2 0.5 +6.1+3.2 0.05 0.4
Lean Mass () -2.0£1.3 0.1 -2.4+1.3 0.05 0.8
Fat:Lean? ratio (kg/kg?) +6.1+5.5 0.3 +11.0+5.3 0.04 0.5

1 Mean % changes presented as sympercentszSE. All variables were transformed into natural logarithms*100 before statistical analysis.
Results were obtained from Scheffe post hoc tests for group*visit (time point) interaction terms in hierarchical repeated measures
ANOVA models that included subject (nested by group), group, visit, and group*visit interaction.

Significant changes in fat, lean mass and fat:lean? were observed only in HIV-positive women (fat
mass +6.1%, lean mass - 2.4% and fat:lean? + 11%), but the magnitudes of the changes were not
significantly different between the groups (Table 30). Exposure to depo-provera was negatively
associated with body composition (fat -6.7+3.8%, p=0.07; lean -2.7+1.5%, p=0.07 and fat:lean? -
12.1+6.3, p=0.06). Changes in body composition in HIV-positive women were no longer significant
after adjusting for the use of depo-provera (fat +5.7+3.2%, p=0.07; lean -2.1+1.2%, p=0.08; fat:lean?
+10.045.4%, p=0.06).

The mean difference between the groups in lean mass at PP2 was significant in the unadjusted
hierarchical model (-4.5+1.3%, p<0.0001, Figure 46), but the magnitude was similar the cross-
sectional analysis (-4.0+2.3%, p=0.08). Both lean and fat:lean? were not significantly different

between the groups at either PP2 or PP14 in both unadjusted and adjusted models.
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Figure 46(a)
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Figure 46: Changes in maternal body composition (PP2-PP14)

Units for lean and fat mass =g. Diff = mean sympercent difference between the groups+SD. Results were obtained from Scheff’e post hoc

tests for group*visit (time point) interaction terms in hierarchical repeated measures ANOVA models that included subject (nested by

group), group, visit, and group*visit interaction. The number of subjects included in the analysis was 81 HIV-negative and 83 HIV-positive
mothers. Figure 46 (d) Bars and error bars represent the meanzSE sympercent changes within groups between PP2 and PP14. The p-
values shown above the bars are for comparison of mean % changes between the groups at 14 weeks for the corresponding parameter.
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8.2. Change in maternal plasma and urine biochemistry

Table 31: Summary of changes in maternal biochemistry (PG36 - PP14)

HIV-Negative HIV-Positive .
. (n=74) (n=81) Group™visit
Variable (UhAsSE)E (ThAsSE)E interaction
p-value p-value p-value
Plasma biochemistry
Plasma albumin (g/L) +37.6+1.0 <0.0001 +35.5+1.0 <0.0001 0.1
Plasma calcium uncorrected (Mmol/L) 2 +6.6+0.5 <0.0001 +3.0+0.5 <0.0001 <0.0001
Plasma calcium corrected (MMoI/L)24 -3.81£0.5 <0.0001 -6.6£0.5 <0.0001 <0.0001
Plasma phosphate (mmol/L) +7.7+2.0 <0.0001 +14.4+2.0 <0.0001 0.02
Plasma magnesium (mmol/L) +8.611.1 <0.0001 +6.611.1 <0.0001 0.2
Plasma creatinine (umol/L) +16.6+1.3 <0.0001 +18.7+1.3 <0.0001 0.3
Urine biochemistry 56
UCa/Cr ratio (mmol/mmol) -79.9+£17.5 <0.0001 -97.8+£17.6 <0.0001 0.5
UP/Cr ratio (mmol/mmol) -32.1+8.7 <0.0001 -22.6+8.7 0.01 0.4
UMg/Cr ratio (mmol/mmol) -11.8+7.6 0.1 +5.6£7.6 0.4 0.1
Renal parameters
eGFR, CKD-EP (ml/min/1.73m2 BSA) 7 -10.2+1.1 <0.0001 -13.6x1.1 <0.0001 0.04
TmP/GFR (mmol/L GFR) +11.3+2.7 <0.0001 +18.1+2.9 <0.0001 0.1
TmCa/GFR (mmol/L GFR) +7.6£0.7 <0.0001 +3.2£0.7 <0.0001 <0.0001

1 Mean % changes presented as sympercentstSE. All variables were transformed into natural logarithms*100 before statistical analysis in
DataDesk software. Results were obtained from Scheffés post hoc tests for group*visit (time point) interaction terms in hierarchical

repeated measures ANOVA models that included subject (nested by group), group, visit, and group*visit interaction.
2 Excludes 4 outliers. 2 HIV positive -6.27, 3.25 at PP14) and 2 HIV-negative (3.35 at PG36, 7.53 at PP14. group n=79, n=80

3 Normalised for albumin using a linear model with albumin as a covariant

4 Normalised for albumin using the Payne equation: Adjusted plasma Ca= Measured Ca+ ([40-serum albumin]*0.02).

5 Thirty-four measurements below the detection of limit (0.02 mmol/L) were assigned half a detection (0.01mmol/L) before analysis.
6 Less one participant whose samples were not shipped from Uganda.
7CKD —EPI. Excludes two low values (outliers) at PG36 which influence group*visit interaction term (p=0.04). One participant per group.

8.2.1. Change in plasma biochemistry

8.2.1.1. Plasma albumin and calcium

Mean [P-Alb] and uncorrected [P-Ca] significantly increased in both groups between PG36 and PP14

(Table 31). Changes in [P-Alb] were not significantly different between the groups. However, HIV-

positive women had a significantly smaller change in uncorrected [P-Ca] compared to HIV-negative

women (+3.0£0.5 vs +6.6£0.5, p= <0.0001). Mean albumin-corrected [P-Ca] decreased in both

groups, but HIV-positive women had a significantly greater decrease (-6.6% vs -3.8%, p= <0.0001).
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Similar to cross-sectional analysis, HIV-positive women had lower [P-Alb], and both corrected and
uncorrected [P-Ca] at PP14, but no significant difference between the groups at PG36 (Figure 47).

Depo-provera was not significantly associated with either [P-Alb] or [P-Ca] in the respective nested

models.
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Figure 47: Change in maternal plasma albumin and calcium (PG36 and PP14)

Plasma albumin units =g/L, plasma calcium units = mmol/L; Diff = mean sympercent difference between the groupsSD. Results were
obtained from Scheff’e post hoc tests for group*visit (time point) interaction terms in hierarchical repeated measures ANOVA models that
included subject (nested by group), group, visit, and group*visit interaction. The number of subjects included in the analysis was 96 HIV-
negative and 93 HIV-positive mothers. Figure 47 (d): Bars and error bars represent the mean+SE sympercent changes within the groups
between PP2 and PP14. The p- values shown above the bars are for comparison of mean % changes between the groups at 14 weeks for
the corresponding parameter
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8.3.1.2. Plasma phosphate, magnesium and creatinine

Mean [P-POq4], [P-Mg] and [P-Cr] increased in both groups. However, HIV-positive women had a
significantly greater increase in [P-PO4] compared to HIV-negative women (+14.4 vs 7.7%, p= 0.02;
Table 31). Changes in [P-Mg] and [P-Cr] were not significantly different between the groups. Similar
to cross-sectional analysis, HIV-positive women had significantly lower [P-PO4] at PG36, but there
was no significant difference between the groups at PP14 (p=0.4, Figure 48a). Depo-provera was not

significantly associated with [P-POa], [P-Mg] or [P-Cr] in the respective nested models.

8.2.2. Change in urine biochemistry

Mean UCa/Cr and UP/Cr ratios significantly reduced in both groups (Figure 49a-b) and the changes
were not significantly different between the groups. In contrast, there were no significant changes in
UMg/Cr in both groups. Adjusting for the use of depo-provera did not have a material effect on
UCa/Cr UP/Cr and UMg/Cr ratios. Overall, the magnitudes of mean differences between the groups
in UCa/Cr, UP/Cr and UMg/Cr at PG36 and PP14 were very similar to those observed in the

respective cross-sectional models.

8.2.3. Change in renal parameters

eGFR significantly reduced in both groups (Figure 50 and Table 31). HIV-positive women had a
significantly greater reduction in eGFR compared to HIV-negative women (-13.6+1.1% vs. -
10.2+1.1%; p=0.04). TmP/GFR and TmCa/GFR significantly increased in both groups. However, HIV-
positive women had a significantly smaller increase in TmCa/GFR (+7.6+0.7% vs. +3.2+0.8%,
p<0.0001; Figure 50). The changes in TmP/GFR were not significantly different between the groups
(+18.1+2.9% vs +11+2.7%), p=0.1). Unlike in the cross-sectional model, mean TmP/GFR was not
significantly different between the groups at PP14 (nested model: -4.7+3.1%, p=0.2; cross-sectional
model: -7.2+3.0%, p=0.02). Overall, adjusting both TmP/GFR and TmCa/GFR for depo-provera did

not have a material effect on the results in the nested models.
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Figure 48(a)
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Figure 48: Change in maternal plasma phosphate, magnesium and creatinine (PG36-PP14)

Plasma phosphate and magnesium units =mmol/L, plasma creatinine units = pmol/L. Diff = mean sympercent difference between the
groups+SD. Results were obtained from Scheffés post hoc tests for group*visit (time point) interaction terms in hierarchical repeated
measures ANOVA models that included subject (nested by group), group, visit, and group*visit interaction. The number of subjects
included in the analysis was 96 HIV-negative and 93 HIV-positive mothers. Figure 48(d): Bars and error bars represent the mean+SE
sympercent changes within groups between PG36 and PP14. The p- values shown above the bars are for comparison of mean % changes

between the groups at 14 weeks for the corresponding parameter
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Figure 49 (a) Figure 49 (b)
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Figure 49: Change in maternal Ca/Cr, P/Cr and Mg/Cr ratios (PG36-PP14)

Units mmol/mmol. UCa/Cr = Urine calcium/creatinine ratio; UP/Cr = Urine phosphate/creatinine ratio; UMg/Cr = Urine
magnesium/creatinine ratio; Diff = mean sympercent difference between the groups:SD. Results were obtained from Scheffés post hoc
tests for group*visit (time point) interaction terms in hierarchical repeated measures ANOVA models that included subject (nested by
group), group, visit, and group*visit interaction. The number of subjects included in the analysis was 96 HIV-negative and 93 HIV-positive
mothers. Figure 49(d) Bars and error bars represent the meanzSE sympercent changes within groups at 14 weeks postpartum. The p-
values shown above the bars are for comparison of mean % changes between the groups at 14 weeks for the corresponding parameter.
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Figure 50 (a) Figure 50 (b)
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Figure 50: Change in maternal eGFR-MDRD, TmP/GFR and TmCa/GFR (PG36-PP14)

eGFR CKD-EPI= estimated glomerular filtration rate based on Chronic Kidney Disease Epidemiology Collaboration equation, TmP/GFR and
TmCa/GFR =tubular maxima for phosphate and calcium, respectively/glomerular filtrate. Diff = mean sympercent difference between the
groups+SD. Results were obtained from Scheffés post hoc tests for group*visit (time point) interaction terms in hierarchical repeated
measures ANOVA models that included subject (nested by group), group, visit, and group*visit interaction. The number of subjects
included in the analysis was 96 HIV-negative and 93 HIV-positive mothers. Figure 50(d) Bars and error bars represent the mean+SE
sympercent changes within the groups between PG36 and PP14. The p- values shown above the bars are for comparison of mean %
changes between the groups at 14 weeks for the corresponding parameter
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8.3. Change in maternal PTH, 250HD and bone turnover markers

Table 32: Summary of changes in bone turnover markers (PG36 to PP14)

HIV-N_egative HIV-P_ositive Group*visit
(n=74) (n=81) interaction
Analyte (%LSE)* p-value (%6ALSE)" p-value p-value
Serum 25(0H)D (nmol/L) -11.1+3.1 <0.0001 -13.9+4.1 0.001 0.6
Plasma PTH (pg/mL) +57.616.4 <0.0001 +60.0+6.4 <0.0001 0.8
Plasma CTX (ng/mL) +56.2+5.9 <0.0001 +74.6+5.9 <0.0001 0.04
Plasma P1NP (ng/mL) +72.615.0 <0.0001 +100.3£5.0 <0.0001 0.0001
Plasma BAP (ug/mL) +57.1+3.6 <0.0001 +67.2+3.6 <0.0001 0.05
Plasma TAP (U/L) -26.1+4.2 <0.0001 -4.64.2 <0.0001 0.0003
Plasma TAP/BAP ratio -83.2£3.9 0.009 -71.9£3.9 <0.0001 0.04

1 Mean % changes presented as sympercentstSE. All variables were transformed into natural logarithms*100 before statistical analysis in
DataDesk software. Results were obtained from Scheffés post hoc tests for group*visit (time point) interaction terms in hierarchical
repeated measures ANOVA models that included subject (nested by group), group, visit, and group*visit interaction.

8.3.1. Change in 25(0OH)D, PTH and CTX

Mean serum [25(0H)D] significantly decreased; and mean plasma [PTH] increased in both groups as
expected in lactation (Figure 51a-b). The changes in serum [25(0OH)D] and PTH were not significantly
different between the groups (Table 32). Also, there were no significant differences between the
groups in mean [25(0H)D] at either PG36 or PP14 (Figure 51d). Mean plasma [CTX] increased in both
groups (Figure 51c), but HIV-positive women had a significantly greater increase compared to HIV-
negative women (74.6% vs 56.2%, p=0.03). Adjusting for depo-provera did not have a material effect
on both serum [25(OH)D] and [PTH].

Similar to cross-sectional analysis, HIV-positive women had higher [PTH] concentrations compared to
HIV-negative women at both PG36 and PP14, respectively (+32% and +34%, both p<0.0001).They
also had higher CTX at PP14 (+14.6%, p=0.02). Mean 25(OH)D was not significantly different
between the groups at either PG36 or PP14.
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Figure 51(a)
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Figure 51: Change in 250HD, PTH and CTX (PG36-PP14)

25(0OH)D = 25 hydroxyvitamin D, PTH = parathyroid hormone and CTX = collagen type 1 cross-linked C-telopeptide. Diff = mean sympercent
difference between the groups+SD. Results were obtained from Scheffés post hoc tests for group*visit (time point) interaction terms in
hierarchical repeated measures ANOVA models that included subject (nested by group), group, visit, and group*visit interaction. The
number of subjects included in the analysis was 96 HIV-negative and 93 HIV-positive mothers. Figure 51(d) Bars and error bars represent
the mean+SE sympercent changes within groups between PG36 and PP14. The p- values shown above the bars are for comparison of
mean % changes between the groups at 14 weeks for the corresponding parameter.
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8.3.2. Change in PANP, BAP and TAP

Mean plasma [P1NP] increased in both groups (Table 32 and Figure 52a). HIV-positive women had a
significantly greater increase in [P1NP] compared to HIV-negative women (+100.3+5.0% vs.
+72.6£5.0%, p=0.0001). Also, HIV-positive women had significantly lower [PANP] at PG36 (-26.4%,
<0.0001), which was also seen in the cross-sectional model, but there was no significant difference

between the groups at PP14 (+1.3%, p=0.8).

Mean plasma [TAP] decreased in both groups (Figure 52c). HIV-positive women experienced a
smaller reduction in [TAP] compared to HIV-negative women (-4.6% vs. -26.1%, p=0.0003). However,
mean [BAP] increased in both groups. There was a trend towards a greater increase in [BAP] among
HIV-positive women compared to HIV-negative women (+67.2+3.6% vs +57.1+3.6%, p=0.05).
BAP/TAP ratio increased in both groups, but HIV-positive women had a significantly greater increase

compared to HIV-negative counterparts (-83.2+3.9% vs 71.9+£3.9%, p=0.04).

The differences between the groups in the longitudinal analysis were comparable to the cross-
sectional analysis. Adjusting for depo-provera did not have a material effect on plasma [P1NP],

[TAP], [BAP] or BAP/TAP ratio.
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Figure 52 (a) Figure 52 (b)
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Figure 52: Change in maternal PINP, TAP and BAP concentrations PG36- PP14)

P1NP = N-terminal propeptide of type 1 procollagen, BAP = bone-specific alkaline phosphatase and TAP=total alkaline phosphatase. Diff =
mean sympercent difference between the groups+SD. Results were obtained from Scheffés post hoc tests for group*visit (time point)
interaction terms in hierarchical repeated measures ANOVA models that included subject (nested by group), group, visit, and group*visit
interaction. The number of subjects included in the analysis was 96 HIV-negative and 93 HIV-positive mothers. Figure 52(d) Bars and error
bars represent the mean+SE sympercent changes within groups at 14 weeks postpartum. The p- values shown above the bars are for
comparison of mean % changes between the groups at 14 weeks for the corresponding parameter
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8.4. Change in breast milk mineral content

Table 33: Summary of changes in breast milk mineral content (PP2- PP14)

HIV-Negative HIV-Positive

Group*visit

Variable (n=74) (n=81) interaction
(%A+SE) p-value (%A+SE) p-value p-value

Calcium (mmol/L) 2 -24.2+3.1 <0.0001 -19.9+3.0 <0.0001 0.3
Phosphorus (mmol/L) -2.73+3.2 0.4 -2.10+3.2 0.5 0.9
Calcium/Phosphorus ratio -21.4+2.7 <0.0001 -17.8+2.6 <0.0001 0.3
Sodium (mmol/L ) 3 -72.619.0 <0.0001 -44.3+8.9 <0.0001 0.03
Potassium (mmol/L) 4 -26.1+3.0 <0.0001 -22.1+2.9 <0.0001 0.4
Sodium/Potassium ratio® -46.6+9.5 <0.0001 -22.2¢9.3 0.02 0.07

1 Mean % changes presented as sympercentstSE. All variables were transformed into natural logarithms*100 before statistical analysis in
DataDesk software. Results were obtained from Scheffés post hoc tests for group*visit (time point) interaction terms in hierarchical
repeated measures ANOVA models that included subject (nested by group), group, visit, and group*visit interaction.

2 Includes 2 outliers who don’t affect results. Difference when excluded PP2, +1.8+3.0, P=0.544; PP14 +4.7+3.0 p=0.113

3 Includes 8 outliers overall (5 HIV-positive, 3 HIV-negative) 3 at PP2 (1 HIV-positive, 2 HIV-negative) and PP14 (4 HIV-positive, 1 HIV-
negative). When outliers are excluded there is still no difference between groups (PP2 =-9.4+7.0%, P=0.309; PP14= -3.8+7.0%, P=0.590)
but, within groups changes reduce (HIV-¢ _64.8+7.0%, p<0.0001; HIV** -53.8+7.0%, P<0.0001) and group*visit interaction p-value
become non-significant (0.275). Visit p=value unaffected.

4Includes 2 TR women flagged as outliers at PP14. Exclusion does not affect results

SIncludes 9 outliers overall (5 HIV-positive, 4 HIV-negative) 3 at PP2 (1 HIV-positive, 3 HIV-negative) PP14 (4 HIV-positive, 1 HIV-negative).
When outliers are excluded there is still no difference in group differences (PP2 =-7.2+7.0%, P=0.178; PP14=-4.1+6.9%, P=0.552) but,
within groups changes reduce (HIV-ve _37.4£7.0%, p<0.0001; HIV+ve -32.1+7.0%, P<0.0001) and group*visit interaction p-value becomes
non-significant (0.591).

8.4.1. Change in breast milk calcium and phosphorus

Mean [BM-Ca] significantly decreased in both groups between PP2 and PP14 (Figure 53a) and the
changes were not significantly different between the groups (-24.4% vs -19.9%, p=0.3). There were
no significant changes in mean [BM-P] in both groups. Mean breast milk Ca/P ratio decreased in
both groups between PP2 and PP14 (Table 33), and the changes were not significantly different
between the groups (p=0.3). Adjusting for infant age, breastfeeding status, having been ill within the

past 2 weeks did not have a material effect on the results.

Similar to cross-sectional analysis, HIV-positive women had higher mean [BM-P] compared to HIV-
negative women (PP2: +9.2+3.2%, p=0.005; PP14: +9.8+3.2%, p=0.002). There was a trend towards
higher [BM-Ca] at PP14, although the difference between the groups was not significant (+5.7+3.0%,
p=0.06). Mean breast milk Ca/P ratio was 7.7% lower in HIV-positive women at PP2, but the group
means were not significantly different at PP14 (-4.1+2.6%, p=0.1; Figure 53c).
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Figure 53(a)
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Figure 53: Change in breast milk calcium and phosphate (PP2-PP14)

Units for breast milk calcium and phosphate = mmol/L. Diff = mean sympercent difference between the groups+SD. Results were obtained
from Scheffés post hoc tests for group*visit (time point) interaction terms in hierarchical repeated measures ANOVA models that included
subject (nested by group), group, visit, and group*visit interaction. The number of subjects included in the analysis was 81 HIV-negative

and 83 HIV-positive mothers. Figure 53(d) Bars and error bars represent the mean+SE sympercent changes within groups at 14 weeks

postpartum. The p-values shown above the bars are for comparison of mean % changes between the groups at 14 weeks for the

corresponding parameter.
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8.4.2. Change in breast milk sodium and potassium

Overall, mean [BM-Na] significantly decreased in both groups (Figure 54a). HIV-positive women had
a significantly smaller decrease in [BM-Na] compared to HIV-negative (-44.3+8.9% vs. -72.6+9.0%,
p=0.03). They also had 14.5% lower [BM-Na] compared to HIV-negative women at PP2, but 13.8%

higher concentration at PP14.

Mean [BM-K] and Na/K ratio decreased in both groups (Figure 54b), and the changes were not
significantly different between the groups (Table 33). However, there was a trend towards a smaller
decrease in breast milk Na/K ratio in HIV-positive compared to HIV negative women (-22.2+9.3% vs -
46.6+9.5%; p=0.07).

Eight measurements were flagged as outliers (5 HIV-positive, 3 HIV-negative); 3 at PP2 (1 HIV-
positive, 2 HIV-negative) and 5 at PP14 (4 HIV-positive, 1 HIV-negative). When these were excluded
from statistical analysis, both groups still had significant decreases in mean [BM-Na], but the
changes were not significantly different between the groups (-64.8+7.0% vs -53.8+7.0, p = 0.3).
Breast milk Na/K ratios reduced in both groups, and there was a trend towards a lower Na/K in the
HIV-positive group (HIV-positive -22.2+9.3%, p=0.02; HIV- negative -46.6+9.5%, p<0.0001;

group*visit p-value=0.07).

These results were comparable to the cross-sectional analysis. Adjusting for infant age,
breastfeeding status, having been ill within the past 2 weeks did not have a material effect on breast
milk Na, K or Na/K ratio.
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Figure 54(a) Figure 54(b)
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Figure 54: Change in breast milk sodium and potassium concentrations (PP2-PP14)

Units = mmol/L. Diff = mean sympercent difference between the groups+SD.Results were obtained from Scheffés post hoc tests for
group*visit (time point) interaction terms in hierarchical repeated measures ANOVA models that included subject (nested by group),
group, visit, and group*visit interaction. The number of subjects included in the analysis was 81 HIV-negative and 83 HIV-positive mothers.
Figure 54(d) Bars and error bars represent the mean=SE sympercent changes within groups at 14 weeks postpartum. The p- values shown
above the bars are for comparison of mean % changes between the groups at 14 weeks for the corresponding parameter.
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8.5. Changes in maternal bone mineral

Table 34: Percent change in maternal bone mineral parameters (PP2- PP14)

HIV-Negative HIV-Positive Group*visit
(n=74) (n=81) interaction
(%A+SE)! p-value (%A+SE)! p-value p-value

Whole body Less Head (WBLH)a
BMC (g) -0.910.4 0.02 -1.0£0.4 0.005 0.8
BA (cm?) -0.3+0.3 0.5 +0.2+0.3 0.5 0.3
aBMD (g/cm?) -0.6+0.2 0.004 -1.240.2 <0.0001 0.05
SA-BMC (g)? -0.7£0.2 0.003 -1.1+0.2 <0.0001 0.1
Total Hip (TH)
BMC (g) -2.5+0.9 0.008 -4.3+0.9 <0.0001 0.2
BA (cm?) -0.2+0.6 0.7 -0.30.6 0.2 0.6
aBMD (g/cm?) -2.740.4 <0.0001 -4.020.4 <0.0001 0.04
SA-BMC (g)? -2.7+0.3 <0.0001 -3.7¢0.3 <0.0001 0.04
Lumbar Spine (LS)
BMC (g) -2.9+0.6 <0.0001 -1.740.6 0.002 0.1
BA (cm?) -0.410.3 0.3 +0.1+0.3 0.8 0.3
aBMD (g/cm?) -2.5+0.4 <0.0001 -1.8+0.4 <0.0001 0.3
SA-BMC (g)? -2.2+0.4 <0.0001 -1.740.4 <0.0001 0.4

1 Mean % changes presented as sympercentstSE. All variables were transformed into natural logarithms*100 before statistical analysis in
DataDesk software. Results were obtained from Scheffés post hoc tests for group*visit (time point) interaction terms in hierarchical
repeated measures ANOVA models that included subject (nested by group), group, visit, and group*visit interaction.

2 Adjusted for BA and body weight. Height was not included in the models because it was not expected to change over time.

8.5.1. Change in maternal WBLH bone mineral

Overall, mean WBLH BMC, aBMD and SA-BMC significantly decreased in both groups as expected
during lactation. Changes in BMC were not significantly different between the groups (-1.0+£0.4% vs -
0.9+0.4%, p=0.8), and there were no significant differences between the groups at either PP2 or

PP14. There were no significant changes in BA in both groups (Figure 55a-d).

However, there was a trend towards a greater reduction in WBLH aBMD among HIV-positive
compared to HIV-negative women (aBMD:-1.2% vs -0.6%, p=0.05). Changes in SA-BMC were not
significantly different between the groups (-1.1% vs -0.7%, p=0.1). HIV-positive women had
significantly higher aBMD and SA-BMC compared to HIV-negative at both PP2 (+1.2+0.2%, p<0.0001
and +1.1+0.2%, p<0.0001, respectively) and PP14 (+0.6+0.2%, p=0.006 and +0.7+0.2%, p=0.01,
respectively). These differences between the groups were very similar to those observed in the
cross-sectional analyses. Potential were not significantly associated with all maternal WBLH bone

parameters.

183



Figure 55(a)
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Figure 55: Percent change in the whole body (less head) maternal bone (PP2 - PP14)

WBLH=whole body less head, BMC=Bone mineral content (g), BA=Bone area (cm?), aBMD= areal Bone mineral density (g/cm?), SA-BMC
=Size adjusted BMC — BMC adjusted for BA and body weight. Diff = mean sympercent difference between the groups+SD. Results were
obtained from Scheffés post hoc tests for group*visit (time point) interaction terms in hierarchical repeated measures ANOVA models that
included subject (nested by group), group, visit, and group*visit interaction. The number of subjects included in the analysis was 81 HIV-
negative and 83 HIV-positive breastfeeding mothers. Figure 55(d) Bars and error bars represent the mean+SE sympercent changes within
groups at 14 weeks postpartum. The P values shown above the bars are for comparison of mean % change between the groups at 14

weeks for the corresponding bone parameter.
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8.5.2. Change in maternal TH bone mineral

Overall, mean TH BMC, aBMD and SA-BMC significantly reduced in both groups, as expected during
lactation, and there were no significant changes in BA in both groups (Table 34 and Figure 56a-d).
Changes in BMC were not significantly different between the groups (p=0.2). There was a trend
towards higher BMC among HIV-positive compared to HIV-negative women at PP2 (+1.7%z0.9%),
but the difference between the groups was not significant (p=0.07), similar to cross-sectional

analysis.

However, HIV-positive women had significantly greater reductions in TH aBMD (-4.0% vs. -2.7%,
p=0.04) and SA-BMC (-3.7% vs. -2.7%, p =0.04). They also had significantly higher aBMD at PP2
(+2.0+0.4%, p<0.0001) and higher SA-BMC at both PP2 (+3.21£0.4%, p<0.0001) and PP14 (+2.2+0.4%,

p<0.0001). The size effects at PP2 and PP14 were very similar to the cross-sectional model.

Potential confounders (use of depo-provera, baby having been ill within two weeks to the visit and
exclusive breastfeeding) were not significantly associated with all maternal TH bone parameters -
BMC, BA, aBMD or SA-BMC.
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Figure 56(a) Figure 56(b)
Total Hip BMC Total Hip aBMD
4- 4-
-~ HvV" -~ Hye
8 o- |, HVTe 8 o- |, HVTe
o o
g o G g
£ ° £ °
o o
R 2 R 2
c c
3 3
£ £
-6 T T -6 T T
PP2 PP14 PP2 PP14
Diff: +1.7+0.9%, p=0.07 Diff: -0.1+0.9%, p=0.9 Diff: +2.7+0.4%, p<0.0001*  Diff: +0.8+0.4%, p=0.08*
Timepoint Timepoint
Figure 56(c) Figure 56(d)
Total Hip SA-BMC Change at Total Hip (TH)
47 - Ve p 02 0.04 0.6 0.04
§ 21 - YT o 21 -y
o g -y
o 0 0-
X 2 3 -2
Pl &
c
« o
g -4 £ 4
-6 T T -6 T T T T
PP2 PP14 BMC aBMD BA SA-BMC
Diff: +3.2+0.4%, p<0.0001*  Diff: +2.2+0.4%, p<0.0001* Parameter
Timepoint

Figure 56: Changes in maternal bone parameters at the total hip (PP2-PP14)

BMC=Bone mineral content (g), BA=Bone area (cm?), aBMD= areal Bone mineral density (g/cm?), SA-BMC =Size adjusted BMC —BMC
adjusted for BA and body weight. Diff = mean sympercent difference between the groups+SD. Results were obtained from Scheffés post
hoc tests for group*visit (time point) interaction terms in hierarchical repeated measures ANOVA models that included subject (nested by
group), group, visit, and group*visit interaction. The number of subjects included in the analysis was 81 HIV-negative and 83 HIV-positive
breastfeeding mothers. Figure 56(d) Bars and error bars represent the meanzSE sympercent changes within groups at 14 weeks
postpartum. The P values shown above the bars are for comparison of mean % change between the groups at 14 weeks for the
corresponding bone parameter.
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8.5.3. Change in maternal LS bone mineral

Overall, mean maternal LS BMC, aBMD and SA-BMC significantly reduced in both groups, but there
were no significant changes in LS BA (Table 34 and Figure 57 a-d). There was a trend towards a
smaller reduction in mean LS BMC in HIV-positive women, but the changes were not significantly
different between the groups (-1.7+0.5% vs -2.9£0.6%, p=0.1; Figure 57d). Changes in LS aBMD and
SA-BMC were also not significantly different between the groups (aBMD: -1.8+0.4% vs -2.5+0.4%,
p=0.2; SA-BMC -1.7+0.4% vs.-2.2+0.4%, p=0.4).

HIV-positive women had a significantly higher SA-BMC compared to HIV-negative women at PP14
(+1.3+0.5%, p=0.02), and the size effects were very similar to the cross-sectional analysis (+1.0£1.6%,
p=0.5). Mean LS BMC and aBMD were not significantly different between the groups at either PP2 or

PP14, and the size effects were very similar to the cross-sectional models.

Potential confounders (use of depo-provera, baby having been ill within two weeks to the visit and
exclusive breastfeeding) were not significantly associated with all maternal LS bone parameters -
BMC, BA, aBMD or SA-BMC.
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Figure 57(a) Figure 57 (b)
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Figure 57: Change in maternal bone parameters at the lumbar spine (L1-L4) from PP2 to PP14

BMC=Bone mineral content (g), BA=Bone area (cm?), aBMD= areal Bone mineral density (g/cm?), SA-BMC =Size adjusted BMC —BMC

adjusted for BA and body weight. Diff = mean sympercent difference between the groups+SD. Results were obtained from Scheffés post
hoc tests for group*visit (time point) interaction terms in hierarchical repeated measures ANOVA models that included subject (nested by
group), group, visit, and group*visit interaction. The number of subjects included in the analysis was 81 HIV-negative and 83 HIV-positive
breastfeeding mothers. Figure 57(d) Bars and error bars represent the meanzSE sympercent changes within groups at 14 weeks
postpartum. The P values shown above the bars are for comparison of mean % change between the groups at 14 weeks for the

corresponding bone parameter.
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8.6. Change in infant anthropometry and body composition

Table 35: Longitudinal change in infant anthropometry (PP2-PP14)

HIV-Unexposed HIV-Exposed

Group*visit
(n=81) (n=85) interaction
(%A+SE)L p-value (%A+SE)L p-value p=value

Anthropometry
Weight (kg) +57.5+1.4 <0.0001 +53.0+1.4 <0.0001 0.02
Length (cm) +17.3+0.5 <0.0001 +16.1+0.4 <0.0001 0.05
Head Circumference (cm) +12.3+0.32 <0.0001 +11.9+0.3 <0.0001 0.4
Whole Body Composition
Lean mass (g) +23.7+2.4 <0.0001 +17.912.4 <0.0001 0.09
Fat mass (g) +110.445.7 <0.0001 +104.945.7 <0.0001 0.5
% Fat +55.845.1 <0.0001 +56.3+5.1 <0.0001 0.9

1 Mean % changes presented as sympercentstSE. All variables were transformed into natural logarithms*100 before statistical analysis in
DataDesk software. Results were obtained from Scheffés post hoc tests for group*visit (time point) interaction terms in hierarchical
repeated measures ANOVA models that included subject (nested by group), group, visit, and group*visit interaction.

8.6.1. Change in infant anthropometry

Overall, mean weight, length and head circumference increased in both groups as expected in
growing infants (Table 35 and Figure 58a-d). HEI had a slower increase in weight compared to HUI
(+53.9+1.4 vs +57.5£1.5 p=0.02). Similar to the cross-sectional analysis, HEl were significantly lighter
at PP14 (-5.9+1.4%, p<0.0001). There was no significant difference in weight between the groups at
PP2 (-1.6%1.4%, p=0.3).

There was a trend towards a slower increase in length in HEI compared to HUI (+16.1+1.4% vs
+17.3£0.5%, p=0.05). Similar to cross-sectional analysis, HEI were significantly shorter compared to
HUI at PP14 (-1.8+0.4%, p<0.0001), and there was no significant difference between the groups at
PP2 (-0.60.5%, p=0.2).

Changes in head circumference were not significantly different between the groups (+11.9+0.3% vs
12.340.3%, p=0.4). HEI had significantly lower HC compared to HUI at PP14 (-0.8+0.3% p=0.01), and

the size effects were very similar to the cross-sectional analysis (-0.7+0.6% p=0.2).

Breastfeeding practices and health status were not associated with any of the infant anthropometric

measurements.
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Figure 58(a)
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Figure 58: Change in infant anthropometry (PP2-PP14)

HeadCirc = head circumference; Diff = mean sympercent difference between the groups+SD. Results were obtained from Scheffés post hoc

tests for group*visit (time point) interaction terms in hierarchical repeated measures ANOVA models that included subject (nested by

group), group, visit, and group*visit interaction. The number of subjects included in the analysis was 81 HIV-negative and 83 HIV-positive
breastfeeding infants. Figure 58(d) Bars and error bars represent the mean+SE sympercent changes within groups at 14 weeks
postpartum. The P values shown above the bars are for comparison of mean % change between the groups at 14 weeks for the

corresponding bone parameter.
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8.6.2. Change in infant body composition

Overall, mean lean mass, fat mass and % fat significantly increased in both groups as expected in
growing infants (Table 35 and Figure 59a-c). There was a trend towards a slower increase in lean
mass in HEl compared to HUI, but the changes were not significantly different between the groups
(+17.9% vs +23.7%, p=0.09). Similar to cross-sectional analysis, HEI had significantly lower lean mass
compared to HUI at PP14 (-6.3+£2.3%p=0.007); and there was no significant difference between the
groups at PP2.

Fat mass doubled in both groups (HEI +104%, p<0.0001; HUI +110%, p<0.0001), hence the changes
were comparable between the groups (p=0.5). Changes in mean %fat were not significantly
different between the groups (+56.3% vs +55.8%, p=0.9). Similar to cross-sectional analysis, both fat

mass and % fat were not significantly different between the groups at either PP2 or PP14.

Potential confounders (age of the infant, breastfeeding status and illness within two weeks to the
visit) were not significantly associated with all infant body composition parameters (fat, lean and %

fat).

191



120+

100+

ot
?

mean % difference
EN [©)]
o o
L L

)
e

Figure 59(a)

Infant Lean Mass

- HEI
-~ HUE

—

0
PP2 PP14
Diff: -0.4+2.4%, p=0.8 Diff: -6.3+2.3%, p=0.007
Timepoint
Figure 59(c)
Infant %Fat
120+
8100-
c
& 80
£
T 60+
=2
£ 407 -e- HUE
(]
g 20- = HE
0 T
PP2 PP14
Diff: +4.4+5.1%, p=0.4 Diff: +4.9+5.0%, p=0.3
Timepoint

Figure 59(b)

1204

1004

ol
e

mean % difference
[©)]
(@]
L

Infant Fat Mass

40+ -~ HUE
20 -& HEl
0 T
PP2 PP14
Diff: +4.4+5.8%, p=0.4 Diff: -1.045.6%, p=0.9
Timepoint
Figure 59(d)

Infant body composition

1209 p 0.09 0.5 0.9

Lean Fat %Fat
Parameter

Figure 59: Change in infant body composition (PP2-PP14)

Diff = mean sympercent difference between the groupsSD. Results were obtained from Scheffés post hoc tests for group*visit (time

point) interaction terms in hierarchical repeated measures ANOVA models that included subject (nested by group), group, visit, and
group*visit interaction. The number of subjects included in the analysis was 81 HIV-negative and 83 HIV-positive breastfeeding infants.

Figure 59(d) Bars and error bars represent the meanzSE sympercent changes within groups at 14 weeks postpartum. The P values shown
above the bars are for comparison of mean % change between the groups at 14 weeks for the corresponding bone parameter.
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8.7. Change in infant bone mineral at PP14

Table 36: Summary of longitudinal changes in infant bone mineral (PP2-PP14)

HIV-Unexposed HIV-Exposed Group*visit
(n=81) (n=85) interaction
(%A+SE)! p-value (%A+SE)! p-value p-value

Whole body
BMC (g) +57.3+1.9 <0.0001 +51.2+1.9 <0.0001 0.02
BA (cm?) +41.9+1.1 <0.0001 +36.9+1.1 <0.0001 0.001
aBMD (g/cm?) +15.4+1.1 <0.0001 +14.4+1.1 <0.0001 0.5
SA-BMC (g)? -7.6+3.8 0.05 -6.0+3.5 0.09 0.2
Lumbar Spine
BMC (g) +24.4+1.7 <0.0001 +29.5+1.7 <0.0001 0.03
BA (cm?) +25.6+1.1 <0.0001 +25.6+1.1 <0.0001 0.9
aBMD (g/cm?) -1.1#15 0.4 +3.0£1.4 0.008 0.02
SA-BMC (g)2 +4.3+6.2 0.5 +9.445.8 0.1 0.02

1 Mean % changes presented as sympercentstSE. All variables were transformed into natural logarithms*100 before statistical analysis in
DataDesk software. Results were obtained from Scheffés post hoc tests for group*visit (time point) interaction terms in hierarchical
repeated measures ANOVA models that included subject (nested by group), group, visit, and group*visit interaction.

2 Adjusted for BA, body weight and length

8.7.1. Change in infant WB bone mineral

Overall, mean WB BMC, BA and aBMD significantly increased in both groups as expected in growing

infants, but there were no significant changes in SA-BMC (Table 36 and Figure 60a-d)

HEI had a significantly slower increase in both BMC and BA compared to HIV-unexposed infants
(BMC +51.2% vs. +57.3%, p=0.02; BA +36.9% vs. +41.9%, p=0.001). Similar to cross-sectional analysis,
HEI had significantly lower BMC and BA compared to HUI at PP14 (BMC -5.3+1.8%, p=0.005; BA -
4.2+1.0%, p<0.0001); and there was no significant difference between the groups at PP2.

Mean WB aBMD increased in both groups, and the changes were not significantly different between
the groups (+14.4% vs +15.4%, p=0.5; Table 36). Similar to the cross-sectional analysis, there were

no significant differences between the groups at either PP2 or PP14. WB aBMD was not significantly
associated with having been ill within 2 weeks before the study visit and breastfeeding status in the

nested model.

There were trends towards decreases in SA-BMC (adjusted for BA, weight and length) in both groups
(HEI -6.0£3.5%, p=0.05; HUI -7.6+3.5%, p=0.09).Changes in SA-BMC were not significantly different
between the groups (p=0.2), and also there were no significant differences between the groups at
either PP2 or PP14. Also, SA-BMC was not significantly associated with infant age, having been ill

within two weeks before the study visit and breastfeeding status in the nested model.
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Figure 60(a)
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Figure 60: Change in infant whole body (with head) bone mineral (PP2-PP14)

WB=whole body with head, BMC=Bone mineral content (g), BA=Bone area (cm?), aBMD= areal Bone mineral density (g/cm?), SA-BMC
=Size adjusted BMC — BMC adjusted for BA and body weight. Diff = mean sympercent difference between the groups+SD. Results were
obtained from Scheffés post hoc tests for group*visit (time point) interaction terms in hierarchical repeated measures ANOVA models that
included subject (nested by group), group, visit, and group*visit interaction. The number of subjects included in the analysis was 81 HIV-
negative and 83 HIV-positive breastfeeding infants. Figure 60(d) Bars and error bars represent the meanzSE sympercent changes within
groups at 14 weeks postpartum. The P values shown above the bars are for comparison of mean % change between the groups at 14

weeks for the corresponding bone parameter.
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8.7.2. Change in infant LS bone mineral

Overall, mean infant LS BMC and BA increased in both groups as expected in growing infants. aBMD
significantly increased only among HIV-exposed infants. There were no significant changes in SA-

BMC (adjusted for BA, weight and length) in both groups (Table 36 and Figure 61a-d).

Contrary to changes in WB BMC, HEI had a significantly greater increase in LS BMC compared to HUI
(+29.5% vs +24.4%, p=0.03). HEI had significantly lower LS BMC at PP2 (-8.1+1.6%, p<0.0001), and
the size effect was similar (or even bigger) in the cross-sectional analysis. There was a trend towards
alower BMC in HEI vs HUI at PP14 (-3.31£1.6%), but the difference between the groups was not
significant (p=0.06).

Mean LS BA increased by the same magnitude in both groups (+25.6+1.1%, p<0.0001 for both).
Similar to the cross-sectional analysis, HEI had significantly lower LS BA at both PP2 (-4.7+1.0%,
p<0.0001) and PP14 (-4.7+1.1%, p<0.0001).

Mean LS aBMD significantly increased only in HEI (+3.9+£1.4% vs -1.1+1.5%, p=0.4). Consequently, HEI
had a significantly greater increase in aBMD compared to HUI (p=0.02). Similar to the cross-sectional
analysis, HEI had significantly lower LS aBMD at PP2 (-3.4+1.5%, p=0.02) and there was no significant
difference between the groups at PP14 (+1.6+1.4%, p=0.3).

Non-significant increases in SA-BMC were observed in both groups (HEI +9.4+5.8%, p=0.1; HUI
+4.316.2%, p=0.5). Even so, the increase in SA-BMC was significantly greater in HEI compared to HUI
(p=0.02). Similar to the cross-sectional analysis, HEI had a significantly lower SA-BMC at PP2 (-
4.6+1.6%, p=0.004), and there was no significant difference between the groups at PP14 (+0.5+1.6%,
p=0.8). Potential confounders (age of the infant, breastfeeding status and illness within two weeks

to the visit) were not significantly associated with all infant bone parameters at the lumbar spine.
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Figure 61(a) Figure 61(b)
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Figure 61: Change in infant lumbar spine bone mineral (PP2-PP14)

LS = lumbar spine, BMC=Bone mineral content (g), BA=Bone area (cm?), aBMD= areal Bone mineral density (g/cm?), SA-BMC =Size adjusted
BMC — BMC adjusted for BA and body weight. Diff = mean sympercent difference between the groups+SD. Results were obtained from
Scheffés post hoc tests for group*visit (time point) interaction terms in hierarchical repeated measures ANOVA models that included
subject (nested by group), group, visit, and group*visit interaction. The number of subjects included in the analysis was 81 HIV-negative
and 83 HIV-positive breastfeeding infants. Figure 61(d) Bars and error bars represent the mean+SE sympercent changes within groups at
PP14. The P values shown above the bars are for comparison of mean % change between the groups at PP14 for the corresponding bone
parameter
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8.8. Summary of longitudinal results

Maternal body weight, lean mass and fat:lean? significantly reduced in both groups and the

magnitudes of change were not significantly different.

Plasma calcium, PO4, Mg and Cr concentrations significantly increased in both groups between PG36
and PP14. However, the mean increase in corrected plasma calcium (uncorrected for albumin) was
significantly smaller in HIV-positive women compared to HIV-negative women (+3.0+£0.5% vs -
6.6£0.5%, p<0.0001. Similarly, albumin corrected plasma calcium decreased in both groups but HIV-
positive women had a significantly greater decrease compared to HIV-negative women (-6.6+0.5% vs

-3.8+0.5%, p<0.0001).

HIV-positive women had a significantly greater mean increase in plasma phosphate concentration
compared to HIV-negative women (+14.4+0.2% vs +7.7+2.0%, p=0.022), such that the significantly
lower concentration of HIV-positive women at PG36 was no longer different to the HIV negative
women at PP14. The magnitude of changes in plasma magnesium and creatinine were not

significantly different between the groups.

Estimated GFR significantly reduced in both groups, but HIV-positive women had significantly greater
reductions compared to HIV-negative women (-13.6+1.1% vs -10.2+1.1%, p=0.04). Changes in
TmP/GFR were not significantly different between the groups. However, HIV-positive women had a
significantly smaller increase in TmCa/GFR compared to HIV-negative (+3.4+0.5% vs +7.310.5,
p<0.0001). Urine Ca and phosphate creatinine ratios (UCa/Cr and UP/Cr, respectively) significantly
reduced in both groups between PG36 and PP14, and the magnitudes of changes were not
significantly different between the groups. There were no significant changes in UMg/Cr ratio in

both groups.

There were no significant changes in breast milk phosphorus in both groups, but HIV-positive
women had about 9% significantly higher concentrations compared to HIV-negative women at both
PP2 and PP14. Breastmilk calcium and potassium concentrations significantly reduced in both
groups between PP2 and PP14, and the mean changes were not significantly different between the
groups. HIV-positive women had significantly lower breastmilk calcium concentration at PP2 but not
at PP14. They also had a significantly smaller reduction in mean breast milk sodium concentration,

and a trend towards a smaller reduction in Na/K compared to HIV-negative women.
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Mean plasma PTH, and markers of bone resorption (CTX) and bone formation (P1NP and BAP)
significantly increased between PG36 and PP14, and the increases were significantly greater in HIV-
positive compared to HIV-negative women. As expected, plasma TAP and serum 25(0OH)D
concentrations significantly reduced in both groups between PG36 and PP14. The magnitude of
change in serum 250HD was not significantly different between the groups. However, HIV-positive

women had a significantly smaller decrease in TAP compared to HIV-negative women.

Maternal bone mineral (BMC, aBMD and SA-BMC) reduced at all skeletal sites in both groups, as
expected during lactation. However, HIV-positive women experienced a significantly greater
reduction in total hip aBMD and SA-BMC compared to HIV-negative women (BMD -4.0£0.4% vs. -
2.7£0.4, p=0.04; SA-BMC -3.7£0.3% vs. -2.7%0.3, p=0.04). The magnitudes of changes in both lumbar
spine and WBLH bone mineral (BMD and SA-BMC) were not significantly different between the
groups, although, there was a trend towards a greater reduction in WB aBMD among HIV-positive

compared to negative women (-1.2+0.2% vs -0.6+0.2, p=0.05).

All infant anthropometric measurements (weight, length and head circumference) increased
between PP2 and PP14 as expected in infancy, but HEI had slower increases compared to HUI. Also,
infant whole body lean and fat mass (measured by DXA) significantly increased in both groups, but

the increases were not significantly different between the groups.

Infant BMC and BA significantly increased at the WB and LS in both groups as expected during
infancy, but HEI had slower increases compared to HUI. Lumbar spine aBMD increased only among
HIV-exposed infants. They also had significantly greater mean percent increases in LS aBMD and SA-
BMC compared to HUI. However, the magnitudes of changes in WB aBMD and SA-BMC were not
significantly different between the groups, showing that both HEI and HUI had adequate bone

mineral for their attained bone size and body weight.
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CHAPTER 9: DISCUSSION

The study that forms this thesis (referred to as the Gumba study in this chapter) was a longitudinal
observational study conducted in Kampala, Uganda. Two groups of pregnant women, 95 HIV+ (on
Tenofovir-Lamivudine-Efavirenz, previously ART naive) and 96 HIV- were followed prospectively.
Data were collected at 36 wks gestation (PG36), 2 (PP2) and 14 wks postpartum (PP14). Dual-energy
x-ray absorptiometry was used to measure bone phenotype (bone mineral content (BMC); bone
area (BA); areal bone mineral density (aBMD), and size- adjusted BMC (SA-BMC, adjusted for height
or length, weight and BA) of the whole body (WB) and lumbar spine (LS) in mother-baby pairs, and
total hip (TH) in mothers.

Gumba study sought to compare bone health between HIV-positive women on Option B+ ART vs
HIV-negative Ugandan women, and their babies in the context of pregnancy and lactation. The
primary outcome was the difference between groups in % change (x SE) in maternal LS aBMD
between PP2 and PP14. Secondary outcomes included changes in maternal bone turnover markers,
calciotropic hormones, markers of bone mineral metabolism in urine and plasma, breastmilk mineral
composition; and infant bone mineral, anthropometry and growth. Data were also collected on
breastfeeding, reproductive history, health, and lifestyle characteristics in order to adjust statistical

models for potential confounders.

The Gumba study was designed to test the hypothesis that maternal ART may accentuate the normal
process of bone mineral mobilisation during pregnancy and lactation, leading to bone loss that is not
recovered in the mother, and compromised infant growth and/or bone mineral accretion. Gumba
study hypothesis was developed after a review of the literature on the independent effects of
pregnancy, lactation and ART on bone health in adults, and also on infant outcomes following

exposure to maternal ART.
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9.1. Novel data presented in this thesis

The research presented in this thesis has several key findings which significantly contribute to the
body of knowledge on bone metabolism in breastfeeding HIV-infected women on TDF-based ART
and their babies in the following areas: maternal bone mineral and biochemistry, breastmilk mineral

content, and infant growth and bone mineral accretion. These are discussed below in more detail.

9.1.1. Maternal bone mineral

9.1.1.1. Lactation and bone

To the best of my knowledge, this is the first study to describe changes in bone mineral during
lactation in HIV-positive African women on Option B+ ART in comparison to HIV-negative
counterparts. A consistent pattern of decrease in aBMD was found between 2 and 14 weeks of
lactation at all skeletal sites in both HIV-positive (LS: -1.8+£0.4%, TH: -4.0+0.4%, WBLH: -1.2+0.2%;

p <0.05 for all) and HIV-negative women (LS: -2.5+0.4%, TH: -2.7+0.4%, WBLH: -0.6+0.2%; p <0.05 for
all). These findings are consistent with the existing evidence, in apparently healthy women and in
African women, that lactation is associated with physiological decreases in maternal aBMD during

lactation (Olausson et al., 2012).

Longitudinal studies conducted using DXA or DPA in Caucasian and Gambian women have reported
decreases in maternal bone mineral from shortly after delivery to 3 months of lactation. The changes
in aBMD range from -6.0 to 3.1% at the lumbar spine, -2.3% to -1.5% at the total hip and 0.8% to -
1.5% in the whole body (Kalkwarf and Specker, 1995, Affinito et al., 1996, Krebs et al., 1997, Laskey
etal., 1998, Hopkinson et al., 2000, Akesson et al., 2004, Pearson et al., 2004).

Only one study has investigated changes in maternal bone mineral during lactation in African
women. A placebo controlled calcium supplementation study conducted in rural Gambian women
on habitual low calcium diets observed decreases in maternal bone mineral by DXA at 2 and 13
weeks of lactation. The changes at the lumbar spine and whole body in the placebo group were
very similar to those observed in HIV-negative women in the Gumba study (LS aBMD: -2.3%+0.7%, LS
SA-BMC: -2.4+0.7%; WB aBMD: -0.7+0.3%; WB SA-BMC: -0.7£0.3%). However, the magnitude of the
changes at the TH in HIV-negative women in the Gumba study was smaller than observed in
Gambian women (TH aBMD 4.0£0.8%; TH SA-BMC3.7+0.8%) (Jarjou et al., 2010).

Different parts of the skeleton may respond differently to increased calcium requirements during
pregnancy and lactation (Laskey and Prentice, 1999). Lactation studies have reported greater

mobilisation of bone mineral at the lumbar spine in Caucasian women, a trabecular rich site,
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compared to total hip and whole body at 3 months of lactation (Affinito et al., 1996, Kolthoff et al.,
1998, Laskey and Prentice, 1999, Jarjou et al., 2010). However, greater decreases in aBMD have
been observed at the total hip compared to the lumbar spine in Gambian women (Jarjou et al.,
2010).

The magnitude of changes in maternal bone mineral depends on the pattern of breastfeeding.
Women who breastfeed for longer durations experience greater changes in bone mineral during the
first 3-6 months postpartum compared to those who breastfeed for shorter durations (Sowers et al.,
1993, Laskey and Prentice, 1999, Hopkinson et al., 2000). This might be due to differences in the
intensity and frequency of suckling, infant breastmilk intake and timing of introduction of
complementary or supplementary foods (Laskey et al., 1998, Prentice et al., 1999, Olausson et al.,
2012). Also, infant breastmilk intake (quantified by the deuterium dilution technique) and maternal
height have been identified to predict the magnitude of bone loss in Gambian women (Laskey et al.,
1998). The Gumba study did not quantify infant breastmilk intake but used self-reports of
breastfeeding practices as a proxy for intensity of breastfeeding and infant breastmilk intake. This is
because DTTM procedures would have overburdened participants and overstretched study staff,

compromising the main study.

In the Gumba study, more HIV-positive women reported exclusive breastfeeding compared to HIV-
negative women (PP2: 82.9% vs. 58.7%, p=0.0008; PP14: 86.7% vs 66.2%, p=0.002). Nonetheless, LS
aBMD was significantly associated with age of the infant (B = -0.6+0.2% per day, p=0.01) in the
analysis of covariance, but adjusting for it did not have a significant effect on the results. There was
no significant association between maternal aBMD (at any site) and height. Adjusting for

breastfeeding practices did not attenuate the difference in changes in aBMD between the groups.

Other factors which might influence mobilisation of bone mineral during lactation include maternal
age, body weight, parity, duration of breastfeeding, resumption of menses, maternal hormones
(estradiol, prolactin and progesterone), use of hormonal contraception, infant weight and breastmilk
intake (Olausson et al., 2012). Except for maternal hormones (not measured in the current study),
the above factors did not account for the greater mobilisation of bone mineral in HIV-infected

women. Overall, the effect of lactation was very similar between the groups.
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9.1.1.2. HIV, ART, Lactation and Bone

In the Gumba study, HIV-positive vs HIV-negative women had significantly greater reductions in
aBMD at both WBLH (p=0.05) and TH (p=0.04); and TH SA-BMC, adjusted for weight and bone area (-
3.7+0.3% vs. -2.7£0.3%, p=0.04). There was a trend towards a smaller reduction in LS aBMD
compared to HIV-negative women, although the changes were not significantly different between
the groups (p=0.3). The decreases in aBMD observed at both the LS and TH in HIV-positive women in
the Gumba study are consistent with other studies following initiation of ART (Dolan et al., 2004,
Gallant et al., 2004, Stellbrink et al., 2010). Therefore, the observed greater reduction in maternal

aBMD at the TH in HIV-positive women is likely to be an effect of ART initiation during pregnancy.

In a multicentre ASSERT clinical trial, greater decreases in TH aBMD were observed in HIV-infected
adults on TDF containing ART compared to HIV-positive adults on non-TDF-based ART at week 48
after initiation of ART (TH: -3.6% vs -2.4%; LS: -1.9% vs -1.6%). The participants were 80% Caucasian
men with mean CD4 <250 cells/ml® (Stellbrink et al., 2010). The steepest decreases in aBMD have
been observed within the first 24 weeks, with evidence of some recovery in lumbar spine aBMD
between 24 and 48 weeks after initiating ART (Gallant et al., 2004, Stellbrink et al., 2010, Moyle et
al., 2013). The mean duration of exposure to maternal ART at PP14 was 29.3+5.1 weeks, and the
majority of the women had preserved CD; at initiation of ART. Thus, the time points in the Gumba
study are within the window when greatest reductions in aBMD are expected following initiation of

TDF-based ART.

In the Women'’s Bone Study (WBS), a greater decrease in aBMD at the TH compared to LS was also
observed after 12 months of ART in HIV-positive black South African women with preserved CD4 (TH
-1.9+0.6%; LS -0.2+0.5%; WBLH +0.4+0.3%) (Hamill et al., 2017). The change in TH aBMD was no
longer significant, in women with preserved CDa, after adjusting for bone area and body weight (-
0.3+0.6%). Size adjustment did not have a material effect on the changes at LS and WBLH.
Conversely, women with advanced HIV disease (low CD4) in WBS had significant decreases in aBMD
at the LS (-2.0£0.6%) and WBLH (-0.9+0.3%) but not at TH (+0.4+0.6%). They also had significant
decreases in SA-BMC at both TH (-1.7£0.6%) and LS (-2.3+0.6%), but not WBLH SA-BMC (-0.7+0.3)
(Hamill et al., 2017).

Significant decreases in aBMD were also observed in HIV-negative African women after 48 weeks on
oral TDF for prevention of HIV-infection in the Vaginal and Oral Interventions to Control

the Epidemic (VOICE) study, but with greater losses at the LS (-1.4% ) compared to TH (-0.9%)
(Mirembe et al., 2016). Changes in aBMD were reversed after the study drug was stopped. However,

the participants in the VOICE study had poor compliance to the study drug, and the reported
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changes in aBMD were not adjusted for changes in body weight and bone area. Both the WBS and
the VOICE studies significnatly contribute to our understanding of changes in bone mineral following

initiation of ART in African women who are neither pregnant nor lactating.

Only one study (PROMISE 1048s) has published data on changes in bone mineral during lactation in
HIV-infected mothers initiated on ART postpartum. Greater reductions in aBMD have been reported
at 74 weeks postpartum in ART-exposed HIV-infected African mothers compared to ART unexposed
(Stranix-Chibanda and PROMISE-team, 2016). The change in LS aBMD in the TDF-based ART arm was
comparable to that observed in HIV-positive women in the Gumba study. Simillar to other studies on
ART, the magnitude of changes in maternal aBMD in the PROMISE study was greater at the TH
compared to the LS (TH: -5.37% vs -3.05%, p<0.001; LS: -2.06% vs +1.09%, p<0.001). Taken together,
these studies suggest a greater vulnerablity of the TH vs LS to the effects of ART on maternal bone

mineral.

The median duration of breastfeeding in PROMISE P1084s was 61 weeks, and the measurements
were done at 74 weeks (~3 months after cessation of breastfeeding for most of the participants
(Stranix-Chibanda and PROMISE-team, 2016). Lactation studies have reported recovery of bone
mineral at the LS from 6 months postpartum even in women who are still breastfeeding (Cooke-
Hubley et al., 2017). Most evidence shows that there are no significant differences from baseline (2
weeks postpartum) in LS aBMD by 3 months after cessation of breastfeeding, but recovery at the
total hip may take longer (Laskey et al., 1998, Cooke-Hubley et al., 2017). Recovery of bone mineral
has also been observed in Gambian women on very low calcium intakes after long durations of
breastfeeding and successive cycles of pregnancy and lactation (Sawo et al., 2013). Therefore, the
data from PROMISE P1084s could suggest a slower recovery or even a permanent decrease in
maternal bone mineral at the LS among HIV-positive women on postpartum ART, compared to those
not on ART. The clinical significance of these findings is still unclear as maternal ART is very effective
at preventing mother-to-child transmission of HIV during lactation. However, P1084s did not have a
control group of HIV-negative mothers to give an insight on the normal pattern of changes in bone
mineral during lactation in healthy Ugandan women; and the preliminary data were not adjusted for
changes in weight or other potential confounders. It will be interesting to see the full paper once

published and to compare to post-lactation data collected in the Gumba study.

In the Gumba study, HIV-positive women had significantly lower weight compared to HIV-negative
women at all visits (PG36: -4.6+2.2%, p=0.03; PP2: -5.2+2.5%, p=0.04; PP14: -4.6+2.6%, P=0.07). The
longitudinal changes in weight were not significantly different between the groups (PP14-PG36: -
10.340.7% vs -10.1£0.7%, p=0.7; PP14-PP2: -0.8+0.7% vs -1.4%0.7%, p=0.8). Although HIV positive

women had a greater mean decease in TH a BMD (as discussed above), there was an overall trend
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towards higher TH aBMD compared to HIV-negative women at both PP2 (TH: +2.1+1.8%, p=0.3;
WBLH: +1.1+1.1%, p=0.3) and PP14 (TH: +1.3+2.0%, p=0.5; WBLH: +0.6x1.1%, p=0.5). The mean %
differences between the groups were accentuated after adjusting for body weight and bone area at
PP2 (TH: +2.9+1.8%, p=0.1; WBLH: +1.6+1.1%, p=0.1) and PP14 (TH: +2.1+1.8%, p=0.3; WBLH:

+0.6£1.1%, p=0.6), because HIV-positive women had lower weight.
9.1.1.3. Body size, weight and bone

DXA estimates areal bone mineral density within a 2-dimension region of interest hence it is not a
true volumetric density (vBMD). Thus, one should be cautious when comparing DXA measurements
between groups or individuals as smaller bones will have lower aBMD (BMC/BA) than larger bones,
even when the vBMD is the same. This is because BA does not fully adjust for differences in bone
size and this is a major limitation of the areal bone density measured by DXA. To circumvent this
limitation, Prentice et al. recommend size adjustments using multiple regression models using BMC
as the dependent variable and BA, weight and height as independent variables to avoid size-related

artefacts (Prentice et al.1994), and this was performed in Gumba.

Lack of adjustments for bone and body size in studies using DXA is a common limitation in the
majority of the studies investigating changes in bone mineral following initiation of ART. Bone
mineral density measured by DXA is highly dependent on bone area. Therefore, differencesin the
positioning of the subject on the scanner affect bone edge detection and interpretation of BMD
data, especially in longitudinal studies. Also, changes in weight are likely to occur which might

confound interpretation of bone mineral density when comparing groups.

Weight gain during pregnancy causes changes in the pelvis and also the positioning of the femoral
neck changes, but it gradually returns to the normal position after delivery (Laskey and Prentice,
1999). These changes in the pelvis are likely to affect the precision and comparability of DXA
measurements at the femoral neck. Also, redistribution of bone mineral between the femoral neck
and the greater trochanter occurs during lactation, such that the final measurement at the TH is
similar to baseline. Hence this redistribution might mask the changes in the TH aBMD during
lactation; and thus, relying on TH measurements alone might not give the full picture (Laskey and
Prentice, 1999). The Gumba study had a contemporaneous control group of HIV-infected women.
Therefore, the observed greater decrease in TH aBMD in HIV-positive vs HIV-negative women is not

likely to be due to artefacts, but a result of maternal ART.
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9.1.2.4. Depo-provera and bone

Use of depo-provera contraception in healthy women is associated with weight gain and reductions
in aBMD ranging from 2.7% at the LS and 4.1% at the total hip. The side effects of depo-provera are
reversed after discontinuation, and similar to lactation, recovery of bone mineral is faster at the
spine compared to other skeletal sites (Kaunitz et al., 2008). In the Gumba study, a greater
proportion of HIV-infected women had used depo-provera before their index pregnancy and also by
14 weeks postpartum. Use of depo-provera prior to the index pregnancy was associated with 6-9%
significantly greater body weight and 3-6% greater aBMD at both PP2 and PP14. Current use of
depo-provera at PP14 was not associated with body weight. However, women who reported current
use of depo-provera at PP14 had significantly lower TH aBMD (-5.6+2.7, p=0.04), consistent with
other studies (Kaunitz et al., 2008). Adjusting BMC, aBMD and SA-BMC for either current or previous

use of depo-provera did not have a material effect on the longitudinal results at all skeletal sites.

Overall, the results from the Gumba study suggest the greater mobilisation of bone mineral in HIV-
infected women is independent of breastfeeding practices and other potential confounders, hence
likely to be an effect of maternal ART. Continued follow-up of the participants is recommended to

investigate if these changes are permanent.

9.2.2. Maternal bone turnover markers (BTM)

To my best knowledge, Gumba is the first study to compare changes in bone turnover markers
(BTM) during pregnancy and in lactation between HIV-positive and HIV-negative women. Overall,
bone turnover markers increased in both HIV-positive and HIV-negative women consistent with
previous studies that have reported increased bone turnover at 3-6 months of lactation (Prentice et

al., 1998, Holmberg-Marttila et al., 2003, More et al., 2003, Vargas Zapata et al., 2004).

Greater increases in BTM were observed in HIV-positive compared to HIV-negative women in the
Gumba study (PINP: +100.3+5.0% vs. +72.6+5.0%, p=0.0001; CTX: +74.6+5.9% vs. +56.2+5.9%,
p=0.04; BAP: +67.2+3.6% vs. +57.1+3.6%, p=0.05). These data are consistent with some of the
previous studies which have reported greater changes in BTM markers in HIV-infected individuals,

predominantly Caucasian men, regardless of ART regimen (Haskelberg et al., 2011).

Early increases in bone resorption markers and delayed increases in bone formation markers have
been observed at 4 months after initiation of ART in HIV-infected men, revealing a catabolic window
for bone loss (van Vonderen et al., 2011). The greatest increases in resorption markers were at 4
months after initiation of ART while greater increases in bone formation markers were at 12 months.

Increases in BTM at 4 months predicted hip aBMD at 12 months (van Vonderen et al., 2011). Other
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studies have also observed Increases in BTM (osteocalcin, PANP, BAP, and CTX) in the first 24 weeks
after initiation of ART, and then stabilise or decrease thereafter (Stellbrink et al., 2010, Haskelberg et
al., 2012). In the ASSERT study, greater increases in all BTM markers were observed in the TDF/FTC
group compared to ABC/3TC group; and all markers except CTX remained significantly different
between the groups at 48 weeks (Stellbrink et al., 2010). In the SMART trial, intermittent ART was
associated with significant decreases in both formation (osteocalcin, BAP and P1NP) and resorption
markers (NTX and CTX) compared to continuous ART, suggesting that ART has a direct effect on bone

turnover/loss (Hoy et al., 2013).

Few studies have investigated bone metabolism in HIV-infected NPNL women following initiation of
ART (Dolan et al., 2006, Hamill et al., 2017). Greater increases in osteocalcin and NTX were observed
in HIV-infected NPNL women on various ART regimens compared to HIV-negative controls over 24
months. The change in NTX predicted change in BMD at the femoral neck in women on PI/NNRTI and
at LS aBMD in women on NNRTI (Dolan et al., 2006). Only one study has investigated changes in
bone turnover markers following initiation of ART in HIV-infected African women. Greater increases
in BAP, PINP and CTX, were observed at 12 months after initiation of ART in black NPNL South
African women with low CD4 at initiation of ART, and changes in BTM were associated with
decreases in femoral neck and LS aBMD (Hamill et al., 2017). There are no published studies on BTM

in pregnant and breastfeeding women on ART.

In the Gumba study, HIV-positive women had 26% significantly lower PINP at PG36, but there was
no significant difference in CTX. These data suggest slower/delayed bone formation compared to
HIV-negative women. PINP concentrations doubled in HIV-positive women and thus by PP14 there
was no significant difference between the groups. However, CTX concentrations were 15.6% higher
in HIV-positive women at PP14 suggesting greater mobilisation of bone mineral during lactation.
Taken together, these changes in PLNP and CTX reveal a catabolic window for bone loss in HIV-

positive women, consistent with previous studies in men and non-pregnant non-lactating women.

The data from the Gumba study suggest higher bone turnover in HIV-infected women compared to
HIV-negative counterparts between late pregnancy (10.8+5.2 weeks on ART) and 3 months of
lactation (29.3+5.1 weeks on ART) and support the observed greater decreases in bone mineral at

the TH and WBLH in HIV-positive women.

By design, Gumba did not measure bone turnover markers before and during pregnancy or before
initiation of ART. Thus, the magnitude of changes during pregnancy and following initiation of ART

could not be assessed.
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9.2.3. Maternal calciotropic hormones
9.2.3.1. 25(0OH)D

Mean serum 25(OH)D concentrations were not significantly different between the groups at either
PG36 or PP14, and all the participants had concentrations above 50nm/L indicating good vitamin D
status. These data are similar to those reported in pregnant and lactating women in The Gambia
(13°N, all year sunshine and UVB exposure) (Prentice et al., 1998). Mean [25(0OHD)] decreased in
both groups between PG36 and PP14 and the changes were not significantly different between the
groups (-13.9+4.1. % vs -11.1+3.1%, p=0.6). The decrease in [25(OHD)] is consistent with other
studies in pregnancy and lactation and is attributed to an increase in DBP during pregnancy (Jones et
al., 2016).

There is some evidence that TDF is associated with an increase in DBP and a decrease in free
1,25(0H),D causing functional vitamin D deficiency, and this might explain the observed greater loss
in aBMD with TDF use (Overton et al., 2015). Efavirenz, another first-line drug for pregnant and
lactating women in Uganda, has been reported to induce cytochrome P450 enzymes resulting in the
accelerated breakdown of 25(0OH)D to 1,25(0H).D (Gyllensten et al., 2006, Avihingsanon et al.,
2015). Thus, both TDF and EFV, which are preferred drugs in the current first-line Option B+ ART

regimen, can alter vitamin D metabolism resulting in a functional deficiency.

Studies conducted in HIV-positive individuals, predominantly men in the USA, have reported greater
prevalence of vitamin D deficiency compared to HIV-negative persons (Hileman et al., 2016). On the
contrary, the Gumba study did not observe poor vitamin D status in HIV-infected women either
during late pregnancy (PG36) or at 3 months postpartum (PP14). These findings are consistent with
data reported by Hamill et al. in non-pregnant non-lactating black South African women at baseline
and 12 months of ART in the WBS study (Hamill et al., 2017).

Taken together, the data from both Gumba and WBS studies suggest that HIV-infection is not
associated with poor vitamin D status and that initiation of TDF-containing ART does not adversely
affect serum vitamin D status in African women with the ability to synthesize vitamin D all year.
However, both studies did not measure 1,25(0OH).D - the active metabolite of 25(OH)D which plays a
major role in calcium homeostasis, hence cannot rule out functional vitamin D deficiency following
initiation of TDF and EFV. In the future, it will be interesting to measure 1,25(0H),D in stored

samples in the Gumba and WBS studies to investigate functional vitamin D deficiency.
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9.1.3.2. PTH

Median PTH concentrations at 14 weeks of lactation were 60.0 (44.7, 80.1) pg/ml in HIV-positive and
41.4 (IQR 29.5, 58.8) pg/ml in HIV-negative women. These concentrations in Ugandan women,
regardless of HIV-status, were comparable to the medians reported at 13 weeks of lactation in
Gambian women on low calcium intakes with good vitamin D status (Prentice et al., 1998). Gambian
women have been reported to have higher PTH concentrations compared to British women at 13
weeks of lactation (47.2+3.0 ng/L vs 20.5+2.5ng/L; p<0.001) and after stopping breastfeeding
(53.1+7.0 ng/L vs 34.3£7.2ng/L; p<0.001) (Prentice et al., 1998). The higher PTH in lactating Gambian
women is accompanied by higher 1,25(0H).D and bone formation markers. Higher PTH has also
been observed in pre and postmenopausal Gambian compared to and British women (Aspray et al.,
2005).

Under normal physiological circumstances, PTH maintains plasma calcium concentrations, increases
urine phosphate excretion and activates renal production of 1,25(0H)2D (Blaine et al., 2015).
However, PTH gradually increases as renal function declines resulting in an increase in plasma
phosphate and fibroblast growth gactor-23 (FGF-23) concentrations, which decreases renal synthesis
of 1,25(0H)2D and consequently a decrease in serum calcium concentrations — hence secondary
hyperparathyroidism (Goodman and Quarles, 2008). In secondary hyperparathyroidism, PTH is not
suppressed by FGF-23, hence continued decline in renal function leads to further increases in PTH
and worsening of secondary hyperthyroidism because of suppressed 1,25(0H)2D production and

resistance to FGF-23 (Ben-Dov et al., 2007).

It is unclear whether the higher PTH concentrations in both Gambian and Ugandan women
compared to British women are physiological adaptations to low dietary calcium intakes in an
environment of good vitamin D status (due to year-round UVB exposure). However, Dibba et al. did
not observe differences in calciotropic hormones between British Caucasians in England and
Gambians raised in West Africa but resident in England, suggesting a lack of racial differences (Dibba,
1994). Data from a calcium supplementation study in Gambian women suggest that the habitually
low calcium intakes may not account for the observed elevated PTH during lactation (Prentice et al.,
1998). However, the Gumba study did not quantify calcium intakes, hence unable to make
comparisons of calcium intakes between the groups, and with both Gambian and British diets; and
investigate associations between calcium intakes and PTH. To my best knowledge, Gumba is the first

study to report PTH concentrations in pregnant and lactating women in Uganda.
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HIV-positive women had 33-35% significantly higher mean PTH concentration at both PG36 and
PP14. Elevated PTH concentrations have been observed in HIV-positive individuals especially those
on TDF-containing ART. In a cross-sectional study of HIV-infected persons in central Europe, TDF use,
low vitamin D status and low plasma calcium were significantly associated with higher PTH
concentrations in Caucasian but not in African patients. In particular, elevated PTH was not
associated with the use of TDF in first generation Africans living in central Europe, although there
was an association in Caucasians suggesting that PTH mediated effects on bone might be less
pronounced in persons of African ancestry living in Europe (Noe et al., 2017). However, that study
had an uneven distribution of patients by sex across the groups (87% male in the Caucasian group
and 63% women in the African group) which was not adjusted for, and furthermore, data on

reproductive history (i.e. breastfeeding and contraception) were not reported.

The median PTH values reported in NPNL women in the Gambia by Prentice et al. are very similar to
those reported by Noe et al. in HIV-infected African patients in Europe [(52.8 (33.7-71.3) pg/ml.
Recently, median PTH values between 12 and 38 pg/ml were reported in NPNL HIV-infected and HIV-
uninfected black South African women, and women with low baseline CD4 had significantly higher
PTH after 12 months on ART compared to those with preserved baseline CD4 (Hamill et al., 2017).
The median PTH concentrations in the South African study are comparable to those reported in
Caucasians in Europe and much lower compared to those observed in African women in The

Gambia, and Uganda (in the Gumba study).

PTH is known to be suppressed in pregnancy and lactation. Data from a supplementation study in
Gambian women suggest that PTH is not responsive to calcium intake during lactation, and only rises
to concentrations at or higher than those of NPNL women during the time of weaning the child from
the breast (Prentice et al., 1998). The Gumba study did not quantify calcium intakes, hence unable
to determine whether there were differences in calcium intakes between the groups, but it is
unlikely that the group differences in PTH reflect the observed modest differences in in consumption
of calcium rich foods (esp. small fish eaten with bones). In addition, the HIV+ mothers were mostly
exclusively breastfeeding at PP14. Itis therefore likely that the higher PTH concentrations in
HIV+/ART mothers at P36 and PP14 reflect a response to the HIV-infection and/or ART than to

differences in calcium intake or in the intensity of breastfeeding.
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PTH increased in both groups between PG36 and PP14, but the changes were not significantly
different between the groups (+60.0£6.4% vs +57.6+6.4%, p=0.8). Most evidence shows that PTH is
either unchanged or decreased during pregnancy (Olausson et al., 2012). Postpartum, PTH is lower
in breastfeeding compared to non-breastfeeding mothers at the same time point. A decrease in PTH
has been observed within the first 3 months of lactation followed by an increase in the later stages
of lactation and after cessation of breastfeeding (Affinito et al., 1996, Krebs et al., 1997, Prentice et
al., 1998). The increases in both PTH and 1,25(0H).D in late lactation and after breastfeeding stops
are thought to play a role in the recovery of bone mineral. However, early postpartum changes in
the calciotropic hormones (PTH, 1,25(0H).D and calcitonin) are not associated with changes in
maternal bone mineral, bone turnover markers or breast milk calcium; suggesting that these
hormones do not play a major role in breastmilk calcium homeostasis in early lactation. It is thought
that PTH related protein (PTHrP) takes over the role of PTH in calcium homeostasis during pregnancy

and early lactation (Prentice et al., 1998, Kovacs, 2016).

PTHrP is produced by the mammary glands and released into the maternal blood and breastmilk. It
can activate both the PTH/PTHrP receptors and renal 1,25(0OH).D production. Greater postpartum
decreases in maternal bone mineral at both the lumbar spine and the femoral neck in women with
higher PTHrP concentrations have been observed in early lactation (Dobnig et al., 1995) However,
More et al. did not observe an association between PTHrP and maternal bone mineral in women
with established lactation (More et al., 2003), probably because PTHrP concentration in plasma is

higher at delivery, decreases gradually in lactation, and is undetectable by 6 months postpartum.

The role of PTHrP in human pregnancy and lactation is not fully understood because its biology is
complex and the laboratory assays pose several methodological challenges. PTHrP is rapidly broken
down and degraded in serum (Hutchesson et al., 1994, Olausson et al., 2012). Therefore, the
samples should be collected in chilled EDTA tubes containing a protease inhibitor then kept chilled
on ice, centrifuged at low temperature and frozen within 15 minutes after collection. Even with such
a robust protocol, some of the PTHrP is still degraded (Hutchesson et al., 1994). The Gumba study

did not measure PTHrP and also did not collect suitable samples for the assay.

The observed higher PTH concentrations in HIV-positive women in the Gumba study is likely to be an
effect of ART. However, 1, 25(0OH).D, FGF-23, and other hormones/cytokines involved in modifying
bone turnover, including prolactin and other lactation hormones were not measured. It would be
interesting to measure these in the future to better understand the mechanisms underlying bone

loss in HIV-infected women following initiation of TDF-based ART during pregnancy.
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9.2.4. Maternal plasma and urine clinical biochemistry

Overall, mean albumin-corrected plasma calcium (P-Ca) reduced, and TmCa/GFR increased in both
groups between PG36 and PP14. However, HIV-positive women had a significantly greater reduction
in corrected P-Ca (-6.6£0.5% vs -3.8+£0.5%, p<0.0001) and a smaller increase in TmCa/GFR compared
to HIV-negative women. Also, HIV positive women had significantly lower corrected P-Ca
concentrations and TmCa/GFR compared to HIV-negative women at both 36 weeks of gestation and
14 weeks of lactation. This profile suggests greater renal excretion of calcium in HIV-positive women
leading to a fall in plasma calcium. The low plasma calcium is likely the driver for the observed higher
PTH and greater mobilisation of bone mineral in HIV-positive women to maintain plasma calcium

concentrations within the normal range.

Plasma phosphate increased in both groups. HIV-positive women had greater mean increases
compared to HIV-negative women (+14.4+2.0% vs +7.7+2.0%, p=0.02) such that the significantly
lower plasma phosphate concentration at PG36 (-8.6+2.1%, p<0.0001) was no longer different to the
HIV negative women at PP14 (-3.0+£2.3%, p=0.2). TmP/GFR increased in both groups but was
significantly lower in HIV-positive women at both PG36 (-11.4+3.1%, p<0.0001) and PP14 (-7.2+30.%,
p=0.02). The mean urine phosphate/creatinine ratio (UP/Cr) decreased in both groups, and the
decrease in HIV-positive women was smaller although it was not significantly different between the
groups (-22.6+8.7% vs -32.1+8.7%, p=0.4). Also, mean UP/Cr was higher in HIV-positive women at
PP14, but not at PG36, although the difference between the groups was not significant (+15.1+11.0,
p=0.2). These data suggest renal phosphate wasting in HIV-positive women, probably a
consequence of greater mobilisation of bone mineral to maintain plasma calcium concentrations

within the normal range (further discussed in section 9.2.5).

Estimated glomerular filtration rate (eGFR) in healthy women increased in lactation from late
pregnancy in both HIV-positive and HIV-negative women in the Gumba study, consistent with
existing literature (Sims and Krantz, 1958). However, HIV-positive women had a significantly greater
decline in eGFR (estimated by CKD-EPI equation) among HIV-positive women compared to HIV-
negative women (-13.6+1.1% vs -10.2+1.1%, p=0.04). These data suggest early onset and gradual
decline in renal function accompanied by greater renal excretion of calcium in HIV-infected women,
probably a consequence of TDF-based ART. TDF is associated with renal tubular toxicities leading to
increased renal phosphate wasting (Kinai and Hanabusa, 2005, Moyle et al., 2013, Hamzah et al.,
2015). A cross-sectional study conducted in Uganda did not observe differences in renal function
between TDF-exposed and TDF-unexposed HIV-positive patients (mean duration on ART was

9.3years) (Salome et al., 2016).
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Baseline renal function was not formally assessed before initiation of TDF-based ART in the Gumba
study. None of the participants had proteinuria +++ at enrolment. A study conducted in Malawi
reported a very low prevalence of pre-existing CKD in HIV-infected pregnant women at the initiation
of TDF-based ART and recommended that baseline assessment of renal function was not necessary
for the roll-out of Option B+ guidelines (initiating TDF-based ART in pregnant and lactating women)
(Johnson et al., 2012). Thus, the observed greater decline in renal function in HIV-positive vs HIV-

negative mothers in the Gumba study could be a consequence of TDF-based ART.

9.2.5. Breast milk mineral content

Mean breast milk Ca concentrations were not significantly different between the groups. However,
HIV-positive Ugandan women had 9-10% significantly higher breast milk P at both PP2 and PP14 and
lower calcium/phosphate ratio at PP2 (PP2:-7.7+3.2%, p=0.02; PP14:-3.5+3.1%, p=0.3). [BM-P] was
significantly correlated with maternal plasma CTX concentration (B = +0.13+0.04 % per 1% increase
in CTX, p=0.0003). To my best knowledge, Gumba is the first study to compare breastmilk calcium

and phosphorus concentrations between HIV-positive and HIV-negative women.

In the Gumba study, breastmilk calcium concentrations significantly decreased between PP2 and
PP14 in both groups. These data are consistent with a previous study that reported a gradual
decrease in breastmilk calcium within the first 6 months of lactation; and also lower mean
breastmilk calcium concentrations in Gambian compared to British mothers (Laskey 1990). In the
same study, a significant decrease in breastmilk phosphorus was observed in British women, but
concentrations remained constant in Gambian women. The Gumba study did not observe significant
changes in breastmilk phosphorus in either HIV-positive or HIV-negative Ugandan women. The
changes in breastmilk phosphorus in Ugandans are consistent with Gambian data, and suggest
ethnic differences in breastmilk phosphorus between African and Caucasian mothers. However,
changes in breastmilk calcium/phosphorus ratio were not significantly different between HIV-

positive and HIV-negative women in the Gumba study.

The finding of higher mean breastmilk phosphorus concentration in HIV-positive vs HIV-negative
women in the Gumba study is intriguing. These data suggest that HIV-positive women transferred
more phosphorus into breastmilk in addition to the greater urinary excretion, possibly to maintain
plasma phosphate concentrations within the normal range. However, the transfer of phosphorus
into breast milk does not seem to be accompanied by a matching increase in the transfer of calcium
into breastmilk. In fact, breastmilk calcium concentrations were higher in HIV positive women at

both PP2 and PP14, although the differences between the groups were not significant. The greater
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influx of phosphorus into breastmilk suggests alterations in ionic breastmilk fractions and possibly

different phosphate species in HIV-positive women, and is likely to be an effect of ART.

Infection of the mammary glands, especially sub-clinical mastitis defined by elevated breast milk
sodium concentrations and a sodium/potassium ratio >1, can activate paracellular transfer of
phosphate into breast milk which could also lead to elevated breastmilk phosphorus concentrations.
Breastmilk sodium and potassium concentrations were measured to investigate subclinical mastitis.
The prevalence of sodium/potassium ratio >1 was 13% at PP2 and 0.5% at PP14; and not significantly
different between the groups. Mean breast milk sodium and potassium concentrations significantly
decreased in both groups consistent with previous studies (Neville et al., 1991). Changes in mean
breastmilk potassium and sodium/potassium ratio were not significantly different between the
groups. However, HIV-positive women had a significantly smaller decrease in breast milk Na (-
44.348.9% vs -72.619.0%, p=0.03). They also had a trend towards a smaller decrease in Na/K ratio (-
22.2+9.3%, vs -46.6+9.5%, p=0.07) suggesting a greater (but mild) burden of sub-clinical mastitis in
HIV-positive women at PP14 consistent with data from Zambia (Kasonka et al., 2006). Even so, sub-
clinical mastitis is unlikely to explain the higher breastmilk phosphorus in HIV-positive women as the
mean concentrations were already elevated by 2 weeks postpartum (without significant differences

in breastmilk sodium or sodium/potassium ratio).

PTHrP is present in breastmilk in large quantities and is thought to play a role in regulating mammary
gland secretion of calcium into breast milk. Studies have reported significant associations between
the C-terminal fragment of PTHrP and breastmilk calcium concentrations in both bovine and human
milk (Law et al., 1991, Seki et al., 1997, Uemura et al., 1997). Immunoreactive calcitonin, another
calciotropic hormone found in human milk, has also been reported to be significantly associated
with total calcium in breastmilk (Arver et al., 1984). However, it is unknown if these hormones also
play a role in the secretion of breastmilk phosphorus. Collection of breastmilk samples and
laboratory assays for PTHrP in breastmilk are still complex, thus similar to blood samples, breastmilk

samples collected in the Gumba study are not likely to be suitable for PTHrP assay.

Overall, literature is scanty on the regulation of phosphate secretion in breastmilk. Phosphate,
citrate and bicarbonate are the major ions that bind a significant amount of calcium (Neville, 2005).
The human casein molecule is not fully phosphorylated compared to bovine milk, and the calcium
binding capacity of human milk is only about 14 mol/mol of casein (Neville, 2005, Kent et al., 2009).
Replacement of citrate by phosphate ions in the aqueous phase of breastmilk has been proposed as
a possible mechanism to accommodate the greater influx of phosphate, without a matching increase
in calcium concentration in breastmilk of HIV-infected women in the Gumba study (Profs Malcolm

Peaker and Ann Prentice, personal communications).
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Thus, analysis of citrate and possibly bicarbonate in stored breast milk samples from the Gumba
study could be explored in the future to investigate this. At the moment, the mechanisms behind
the elevated breastmilk phosphorus in HIV-infected Ugandan women and the implications on their

breastfed infants are unknown.

9.2.5. Infant anthropometry, growth and body composition

HIV exposed infants (HEI) had significantly lower gains in weight (+53.0£1.4% vs +57.5+1.4%, p=0.03)
and length (+16.1+0.4% vs +17.3+0.5 %, p=0.05) between 2 and 14 weeks of age compared to HIV-
unexposed infants (HUI). Thus, they had significantly lower weight (-5.9£2.1%, p=0.004), length (-
2.0+0.7 %, p=0.002), WAZ (-0.47+0.16, p=0.003) and LAZ (-0.53+0.18, p=0.005) at PP14. These
results suggest differences in growth at 3 months of age in breastfeeding HIV-exposed infants born

to mothers initiated on Option B+ ART during pregnancy.

These findings are consistent with other studies which have reported poorer growth in HIV-exposed
infants in sub-Saharan Africa. Significantly lower birth LAZ, WAZ, and WLZ were observed among
infants exposed to maternal ART compared to zidovudine monotherapy in Botswana and, LAZ were
significantly lower during the first 6 months of life (Powis et al., 2011, Powis et al., 2016). In the
Zimbabwe Vitamin A for Mothers and Babies (ZVITAMBO) trial, differences in growth (LAZ and WAZ)
between HEI and HUI peaked at 6 weeks of age and remained lower throughout the first 2 years of
life. Also, HEI had significantly lower HCAZ in the first year of life. In the same study, lower WAZ and
WLZ were associated with lower maternal education (primary vs A level) despite high levels of

education in the study population (Evans et al., 2016).

Poorer growth has also been observed in Ugandan HEI exposed to maternal ART. Ugandan HEI in the
maternal ART arm in the PROMISE study had significantly lower anthropometric mean Z-scores
(weight, length and head circumference) at 12 and 24 months compared to a control group of HUI
recruited from well-baby clinics, but the differences were not observed in Malawi (Aizire et al.,
2016). Another study observed a non-significant trend towards higher rates of stunting among HEI
compared to HUI at 12 months of age [12-month adjusted odds ratio (OR) 1.55, 95% CI 0.92-2.61]
(Muhangi et al., 2013a). However, the DART trial did not observe significant differences in growth in

Ugandan and Zimbabwean children as discussed in section 9.1.
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Infant feeding practices greatly influence growth, hence these should be considered when
comparing the growth of HEI vs HUI in all settings. The rate of growth in exclusively breastfed babies
within the first 6 months of age is slower compared to formula fed babies (Agostoni et al., 1999,
Ziegler, 2006). Also, both non-breastfed and mixed-fed babies tend to have poorer growth compared

to exclusively breastfed babies especially in resource limited settings.

A clinical trial conducted in Uganda observed a more than six fold lower mortality in HEI breastfed
for longer than 6 months compared to those breastfed for less than 6 months (Homsy et al., 2010).
The current national guidelines in Uganda recommend exclusive breastfeeding for HEI in the first 6
months of life and continued breastfeeding (complementary feeding) up to 1 year of age. In the
Gumba study, more HIV-positive women reported exclusive breastfeeding compared to negative
women at both PP2 and PP14. Adjusting for differences in breastfeeding practices and history of

illness did not attenuate the observed differences in growth at PP14.

Earlier studies conducted in the pre-Option B+ ART era reported a greater risk of MTCT in mixed
feeding compared to exclusively breastfeeding infants. Subclinical mastitis was more prevalent in
mixed feeding mothers and was associated with greater risk of MTCT and poor infant growth.
However, the mechanisms by which exclusive breastfeeding protects against MTCT remain elusive
(Filteau, 2010, Lunney et al., 2010). Evidence shows that HIV-infected women are more likely to
exclusively breastfeed compared to HIV-negative women (Oiye et al., 2017), probably because they
are motivated by the need to protect their babies from HIV-transmission. Thus, the observed
differences in growth could be either a consequence of exposure to maternal HIV/ART or differences

in breastmilk and dietary intakes.

Caution should be exercised when comparing growth between HIV-exposed infants and HIV-
unexposed infants, especially in breastfeeding populations, in the absence of objective
measurements of breastfeeding practices. Self-reports greatly over-estimate exclusive breastfeeding
rates compared to deuterium dose-to-the-mother method (DTTM). In Kenya, a huge overestimation
of exclusive breastfeeding rates was recently reported in both HIV-positive (94.1% vs 23.5% at 6
weeks postpartum and 75.0% vs 43.3% at 6 months postpartum) and HIV negative women (76.9% vs.
13.8% at 6 weeks postpartum and 59.7% vs. 24.2% at 6 months postpartum) (Oiye et al., 2017). The
majority of recent studies conducted on the effects of maternal ART on infant growth have not

accounted for potential differences in infant feeding practices either by self-reports or DTTM.
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Apart from feeding practices, several hypotheses have been proposed to explain the poorer growth
in HEI compared to HUI. Congenital cytomegalovirus (CMV) infection is associated with poor fetal
growth. In Zambian HEI and HUI, CMV seropositivity was associated with stunting at 18 months of
age and smaller head circumference and lower psychomotor development in HEI, suggesting that
the effects of CMV infection might be more pronounced in HEI (Gompels et al., 2012). There is
some evidence that HIV-infection can distort the maternal microbiota leading to abnormal assembly
of the gut microbiota in HEI, thus predisposing HEI to subclinical intestinal damage and
inflammation, causing growth failure (Funkhouser and Bordenstein, 2013, Lozupone et al., 2013,
Monaco et al., 2016). Furthermore, higher levels of systemic inflammation in the mother might lead
to reduced insulin-like growth factor 1 (IGF-1) and consequently growth failure in HEI (Prendergast

etal., 2014). However, more data are needed to test these hypotheses in HEI.

Overall, data are inconsistent on the effects of maternal HIV/ART exposure on infant growth
compared to HIV/ART unexposed infants; and this is probably due to differences in other
environmental, health and cultural factors that may impact on infant growth but have not been
adequately controlled for in existing studies. In the Gumba study, effort was made to control for
breastfeeding practices and health status, but objective measurements of infant breastmilk intake

were not done.

9.2.6. Infant bone mineral

HEI had a significantly slower increase in WB BMC between PP2 and PP14 (+51.2+1.9% vs
+57.3£1.9%, p=0.02) compared to HUI, but the difference was not significant after size-adjustment.
Also, there was a trend towards lower WB BMC in HEI at PP14, but the difference between the
groups was not significant. In contrast there was a greater increase in LS bone mineral in HEI than
HUI (BMC: +29.5+1.7% vs +24.4+1.7%, p=0.03; aBMD: +3.0£1.4% vs -1.1+1.5%, p=0.02; and SA-BMC:
+11.445.4% vs +6.5£5.8%, p=0.02). LS BMC and BA were significantly lower in HEI compared to HUI
(-9.5£2.6%, p<0.0001) at PP2, but not at PP14 (-3.3+£2.8%, p=0.2). Overall, these data suggest slower
WB bone mineral accretion consistent with a slower increase in bone area and body weight,

although BMC was proportional to attained body weight and size.

To my best knowledge, Gumba is the first study to compare bone mineral accretion between
HIV/ART-exposed uninfected and HIV/ART unexposed infants within the first 3 months of life. At the
time of writing this thesis, there were only two studies using DXA (both published by Siberry et al.)
that have reported infant bone outcomes within the neonatal period, (discussed in section 9.1). At
CROI 2016, Siberry et al. reported lower infant WB BMC in African neonates exposed to maternal
ART (Option B) compared to neonates on Option A, and there was no significant difference in BMC

between TDF exposed and TDF-unexposed infants (Siberry et al., 2016).
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Previously, the same investigators reported a 12% lower mean whole body BMC in American
neonates with in-utero exposure to maternal TDF compared to TDF unexposed infants, and the
lower BMC persisted after adjustment for body weight and length (Siberry et al., 2015). To
circumvent the limitations of using DXA in children, it is recommended to adjust BMC for bone area,
body weight and length using multiple regression models as discussed in section 9.2.1.3. However,
both the studies by Siberry et al. did not adjust for bone area. In the Gumba study, the differences in
infant WB BMC between the groups was no longer significant after adjustment for bone area, body

weight and length.

These data suggest altered bone mineral deposition within the first 3 months of life in infants
exposed to maternal ART consistent with the observed slower growth, but the BMC is proportional
to attained body weight and size. The mechanisms and clinical implications of these findings are
unknown. Children with growth hormone deficiency have been reported to be stunted but have
normal bone mineral for their muscle force (Hogler et al., 2003). Biochemical markers of bone
metabolism and growth, dietary intake were not measured in the Gumba study. The stored
biological samples in the Gumba study could be analysed in the future to investigate the
mechanisms behind the observed lower bone mineral accretion in HEI vs. HUI. Therefore, itis
important to continue following-up these Gumba infants to investigate longer-term implications for

their bone health.

9.2.7. Pregnancy outcomes and infant health

Gestation age at delivery was not significantly different between HIV-positive and HIV-negative
women. However, fewer cases of stillbirths (1 vs 4), pre-term deliveries (1 vs 3) and neonatal deaths
(1 vs 3) were observed in HIV-positive compared to HIV-negative women. Also, significantly fewer
HEI had a history of previous illness at PP2 (9.5% vs. 22.1%, p=0.03) and PP14 (32.5%, vs. 50.7%,
p=0.021). These results are contrary to studies that have reported poorer pregnancy outcomes
among HIV-infected women on various ART regimens (Chen et al., 2012, Short and Taylor, 2014).
The observed better pregnancy and infant health outcomes in the HIV-positive group probably

reflect differences in access to medical services between the groups.

As per the set-up at Mulago Hospital, group education sessions were delivered to all women at the
beginning of the antenatal clinic. In addition to these routine ANC services, HIV-positive women
attended a monthly PMTCT clinic where they received free specialised comprehensive clinical care
and intensive one-one counselling sessions. Also, it is likely that fewer cases of poor pregnancy
outcomes and neonatal deaths occurred in the HIV-positive group because the majority were
multigravidae. Thus they might have been more aware of danger signs in pregnancy and the

newborn compared to HIV-negative women.
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From 6 weeks of age, HIV-exposed infants attended a specialised monthly EID clinic where they
received free clinical monitoring by doctors, hence were likely to receive prompt diagnosis and
treatment. In case of iliness between visits, the babies were brought into the clinic and referred for
free medical treatment. Also, HEI received cotrimoxazole prophylaxis from 6 weeks of age. There is
evidence that cotrimoxazole prophylaxis combined with the use of insecticide-treated bed nets
reduces the incidence of malaria, a major cause of infant morbidity and mortality in infants in

Uganda (Kamya et al., 2007)

Also, HIV-negative women and their babies attended the routine immunisation clinic managed by
midwives, and in case of illness they received the standard free medical services offered by the
hospital after waiting for long hours and in most instances they were expected to purchase their
medication. Thus, the Gumba study PI negotiated with Baylor-Uganda for free medical consultation
for sick HIV-negative mothers and their babies and the study provided prescribed medication to

reduce these disparities in access to medical care.
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9.2. Strengths of the Gumba study

Gumba study is the first to compare changes in maternal bone mineral, infant growth and bone
mineral accretion within the first 3 months postpartum, around peak lactation, when calcium
requirements are highest. Unlike previous studies, the study has a contemporaneous group of HIV-
negative mother-baby pairs for comparison of both cross-sectional and longitudinal outcomes. It

also used DXA, which is the gold standard bone imaging technique.

Gumba is also the first study to report extensive data on bone turnover markers and calciotropic
hormones during pregnancy and lactation in HIV-infected women on ART. The study followed
mother-baby pairs hence is able to investigate the interrelationships between maternal and infant
outcomes. Extensive data were also collected on health, diet, breastfeeding and lifestyle factors to
adjust for potential confounding and to help explain the results. Unlike previous studies, the current

study adjusted both maternal and infant outcomes for breastfeeding practices.

All HIV-infected women were on one ART regimen (TDF/3TC/EFV), the current recommended first-
line ART for pregnant and lactation women and reported good adherence based on pill counts. ART
was provided according to the prevailing national guidelines in Uganda, which mirrors the Option B+
strategy that is currently being scaled-up in Sub-Saharan Africa. Therefore, the findings presented in
this thesis significantly contribute to our understanding of bone health in HIV-infected women in

Uganda and their babies from a clinical perspective.
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9.3. Limitations of the Gumba study

This was an observational study. Although effort was made to adjust for potential confounders, it
can only be speculated that ART may be responsible for the observed differences between the
groups. Arandomised clinical trial design was not feasible because only HIV-infected pregnant
women received ART, and also a single first-line triple ART regimen comprising of TDF-3TC-EFV was

recommended for PMTCT.

It would have been desirable to study a control group of HIV-infected pregnant women not receiving
ART to isolate the effects of maternal ART from the effects of HIV infection, but such a study would
have been unethical under the prevailing Option B-plus guidelines in Uganda. Also, a case-control
design was not feasible within the time allocated for fieldwork (controlled for age and parity) as it
would have taken a longer duration to recruit participants. The preferred approach was to recruit
both HIV-infected and HIV-negative pregnant women as they presented at the antenatal clinic based
on a set inclusion and exclusion criteria (discussed in section 3.2.7) and later control for differences

in age and parity during data analysis.

There were no baseline measurements either before pregnancy or initiation of ART. A longitudinal
observational design with DXA scans acquired pre-pregnancy would have been ideal, but such a
study was not feasible within the PhD timelines. It would also have been desirable to acquire
baseline BMD scans at the time of ART initiation in HIV-infected women. However, DXA scans (spine,
hip and whole body BMD measurements) are not currently recommended during pregnancy because
they are unable to differentiate between maternal and fetal bone. Other bone imaging techniques
which can be safely used in pregnancy and are not affected by inclusion of fetal tissues (e.g pQCT]),
were not available in Uganda. Therefore, DXA scans were acquired postpartum similar to the

majority of previous studies on changes in bone mineral during lactation.

There were no measurements at delivery to compare growth outcomes. Consequently, data on birth
weight was obtained from the labour ward discharge forms for some of the participants who
delivered at Mulago hospital, and the measurements were not collected using a standardised
procedure. The first study measurements were done at 2 weeks postpartum. In the initial study
design that was presented in my first-year report, the plan was to collect cord blood (both maternal
and infant side) and also take infant anthropometric measurements at delivery. These investigations
were intended to provide an extensive comparison of maternal and infant outcomes between the
groups. Conducting a study visit at delivery required several logistics especially transport facilitation
for all women in labour to ensure they delivered at the health facility, 24-hour availability of staff on

the labour ward to conduct deliveries and collect cord, and cooling facilities for storage of cord blood
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in the maternity ward and at night. According to prevailing standards of care, this aspect of the study
would have needed to hire at least two obstetricians and two midwives to work in shifts on the
labour ward to attend to study participants. Thus, the visit was not implemented after careful

consideration of study logistics, feasibility and funding.

Biological samples were not collected at 2 weeks postpartum to match the DXA data. Baseline
biochemistry data were collected at 36 weeks of gestation, so these might not reflect the change
between 2 and 14 weeks postpartum. The initial study protocol had planned to collect cord blood at
birth so collecting more blood samples from the mothers at 2 weeks was not thought necessary. In
hindsight, it would have been useful to collect biological samples at 2 weeks after the decision was

made not to collect cord blood.

Information on breastfeeding practices was collected based on self-reports hence it might be subject
to recall bias and over-estimation. Deuterium Dose-To-the-Mother (DTTM) procedures were also
planned and approved at 2 and 10 weeks postpartum, to assess maternal breastmilk output and
exclusivity of breastfeeding. Altered maternal breastmilk output in HIV-infected women could
potentially affect growth in their children as discussed in section 9.2.5. Regrettably, it was finally
decided not to include DDTM in Gumba as it would have overburdened participants and

overstretched study staff, compromising the main study.

Results from the Gumba study suggest declining renal function in HIV-positive women. However,
markers of proximal tubule damage (i.e. RBP, beta-2 microglobulin) were not measured at baseline
to rule out pre-existing renal disease. Urine protein and glucose concentrations were used as proxy
markers of renal function and participants with abnormal values at enrolment were excluded from
the study. Also, viral load test results were not available to verify the reported good compliance to
ART. Even so, itis plausible to speculate that the observed higher plasma creatinine concentrations
and altered renal mineral handling in HIV-infected women at PP14 might be due to ART-induced

renal tubular damage.

The calcium intakes during pregnancy and lactation were not quantified. The Gumba study observed
higher consumption of small fish (eaten with bones) among HIV-positive compared to HIV-negative
women based on a qualitative calcium food frequency questionnaire which has not been validated in
Uganda. Also, there were differences between the groups in consumption of other local foods, non-
food/herbs (especially cooked clay and emubwa) which might contain hidden sources of calcium.
Other macro- and micronutrients also play a role in maintaining bone health, but they were not

assessed due to logistical challenges, costs, and participant burden.
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Overall, the statistical analysis focussed on groups so the results cannot be interpreted at the
individual level. The data presented in these study were collected in Kampala Uganda hence it might

not be generalizable to other regions of Uganda or other countries.

9.4. Future directions

Follow-up of participants is desirable to investigate if the observed greater decreases in bone
mineral in HIV-infected women are permanent, and if the differences in infant bone mineral and
growth persist. Data have been collected at 26, 52 and 78 weeks postpartum, and 14 weeks after

cessation of breastfeeding (NPNL); but it is outside the scope of this thesis.

Further laboratory analysis of stored maternal blood and urine samples to investigate mechanisms
behind the greater bone loss in HIV-infected women, especially 1,25(0H).D, lactation hormones and
markers of renal proximal tubal damage are planned if funding allows. It would also be useful to
analyse the stored infant serum samples to investigate markers of Ca-P-vitamin D, bone metabolism
and growth (especially IGF-1 and BP-3) following exposure to maternal ART during pregnancy and

lactation.

Subject to availability of adequate sample volumes and funding for laboratory work, screening both
maternal and infant blood samples for CMV infection might also provide more insight into the
mechanisms behind the observed slower growth and bone mineral accretion in maternal HIV/ART-
exposed infants. As discussed earlier, altered infant microbiome might also affect growth. However,
the Gumba study did not collect suitable samples; this could be considered in the future when

designing studies involving primary data collection.

Quantitative estimates of dietary intakes using robust methodologies like the validated 24-hour or
weighed food records will provide a better insight on calcium intakes. The weighed food records are
labour intensive and might be difficult to implement in an urban setting where most women work
outside their homes. Therefore, validation of the FAO standard 21 food group FFQ in estimating
calcium intakes in Uganda would provide a simple and rapid tool for estimating calcium intakes with

minimum participant burden especially in urban areas like Kampala.

Infant breastmilk intake is a major determinant of maternal bone mobilisation and infant growth and
might potentially help explain the greater mobilisation of bone mineral in HIV-positive women and
slower growth/bone mineral accretion in their babies. Therefore, it would be useful to compare
infant breastmilk intake between HIV-positive and HIV-negative women within the study setting in
Kampala. Deuterium oxide and supplies are available in Uganda. | am exploring funding

opportunities to cover fieldwork and laboratory costs for a new study.
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9.5. Summary

This thesis has reported several key findings which significantly enhance our understanding of bone
health in HIV-positive mothers on TDF-based ART and their babies under the current WHO PMTCT
Option B+ PMTCT strategy.

Firstly, HIV-infected Ugandan women initiated on TDF-based ART during pregnancy experienced
greater reductions in total hip aBMD compared to HIV-negative women between 2 and 14 weeks
postpartum (-4.0+0.4% vs -2.7+0.4%, p =0.04), which persisted after size adjustment (-3.7£0.3% vs -
2.7£0.3%, p=0.04), suggesting a greater vulnerability of the total hip vs. the lumbar spine to the
effects of HIV and ART on bone.

Second, HIV-positive women also had greater increases in plasma phosphate concentration, markers
of bone formation (PINP and BAP) and resorption (CTX) suggesting higher bone turnover, consistent
with the increased mobilisation of bone mineral. They also had higher PTH, plasma calcium and
phosphate concentrations, TmP/GFR and TmCa/GFR both at PG36 and PP14, and a greater reduction
in eGFR compared to HIV-negative women. Also, HIV-infected women had significantly higher
breastmilk phosphorus concentrations at both PP2 and PP14, but breastmilk calcium concentrations
were not significantly different between the groups. These biochemistry and breastmilk mineral
composition profiles suggest a disruption in calcium and phosphate metabolism in HIV-infected

women on ART leading to a greater influx of phosphate from plasma into breastmilk.

Third, HIV-exposed infants had significantly lower somatic growth and whole body bone mineral
accretion by 14 weeks of age compared to HIV-unexposed infants; but their bone mineral was
adequate for attained body weight and size. All infants were breastfed in the first three months of
life, but a greater proportion of HIV-exposed infants were exclusively breastfed compared to HUI at
both PP2 and PP14. The observed slower growth of HIV/ART-exposed infants (HEI) compared to HUI
might be a consequence of exposure to maternal HIV-infection/ART or simply reflects more rapid

growth in HUL.

Overall, these data suggest early disruptions in maternal plasma and breastmilk Ca-P metabolism
accompanied by higher bone turnover and bone loss in HIV-infected mothers, and slower growth in
their babies by 3 months postpartum. It is likely that the observed greater bone loss and disruptions
in bone mineral metabolism are consequences of TDF-based ART initiation during pregnancy under
PMTCT Option B+. However, the study had a relatively short duration of follow-up and the clinical
implications of these findings are unclear. Follow-up studies are needed to provide insights into the

mechanisms and longer-term implications for bone health in both the mothers and their babies.
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bone health of urban Ugandan women, and on infant growth,” that you submitted 1o the
JCRC-IRB/REC was reviewed on June 22 2017,

This is to inform you that the Board has approved the study for continuation for a period of
one (1) year, with effect from June 26 2017 through June 25 2018 The following
documents have been herewith approved;

¥ Swwdy Protocol version 3.0 dared June 15 2017

Please note that requests for annual renewal should be submitied to this office at least 4
weeks in advance of expiry, including a request for renewal, annual report and any related
publications/abstracts.  Note also that you are required 1o clear your study with the Uganda
National Courscil for Science and Technology before the study can commence. We would
like to congratulate you and wish you luck with this important study.

neerely

ImE M.D., M.Sc.

Chairman JCRCIRB/REC
ce.  Uganda National Council for Science and Technology

JORC s Mission is lo Canduet Qualty Medical Research and Training, Provide Equitatve and Sustanatve HIVIAIDS
Care and other Heathcare Sanices in Uigends and Infemationaly

JCRC's Mission is o Conduct Quality Medical Ressarch and Travning, Provide Equiable and Sustainable HIVAIDS
Care and other HoaXhcare Services in Ligands and knfermation aly 244



TELEPHONE: 425415580081 MULAGO NATIONAL REFERRAL

HOSPITAL
FAX; +256-414-8528501 PO, Box 7051
E-muil: admin@ mabipoor wg - KAMPALA, UGANDA

Website: wowmuMeeorse

IN ANY CORRESPONDENCE ON THIS
SUBJECT PLEASE QUOTES NO,

THE REPUBLIC OF LNGANDA

25" Aug, 2014,

Ms. Florence Nabwire
MRC Hurman Nutrition Unit
Elsie Widdows Laboratory, UK

Dear Nabwire,

RE: ADMINISTRATIVE CLEARANCE: MREC:630: EFFECTS OF
ANTIRETROVIRAL THERAPY DURING PREGNANCY AND LACTATION ON THE
BONE HEALTH OF URBAN UGANDAN WOMEN AND ON INFANT GROWTH,
Version 2 dated 24" June 2014.

The Mulago Research and Ethics Committee coneider your request and hereby grant
you permission to carry out the above study up 1o 268" June, 2015,

(i) The study is subject to menitoring by the Mulago research and ethics
committee at any time.
(i) Remit 1,330,000 Uganda shilings as 10% institutional fee to Mulago hospital.

Attached is the Mulago hospital policy on institutional fees for research projects.

Yours sincerely; '

DR. NAKWAGALA FREDERICK NELSON
CHAIRMAN- MULAGO RESEARCH & ETHICS COMMITTEE

Vision: “To be the leading centre of Health Care Services™

MULAGO NATIONAL HEFERRAL HOSPETAL
AN, Bea TSI
KAMPALA, UGANDA

TELEPIKING: + 2564155001
FAX: 4254 145529991

C-wmdl: pdminomagn g
Welnite: wen susegee g

INANY CORRESIONDENCE ON THS
SUBECT MLEASE QUOTES NOU

- =
THE KEFUBLIC OF LOANDA

10" July, 2015.

Ms Florence Nabwire

Principal Investigator
MRC Human Nutrition Unit
Elsie Widdowson Laboratory, UK.

Dear Nabwire,

Re: Protocol Renewal; MREC: 630: “Effects of Antiretroviral Therapy during
Pregnancy and Lactation on the Bone Health of Urban Ugandan Women and on
Infant Growth, Version 3.0 11" May 2015".

Thank you for your early submission of the abowe subject The Mulago Hospital
Research and Ethics Committee have considered your request for the above and
hereby arant a renewal approval for the conduct of this study for a period of ane year
from 26" June, 2015 to 25" June, 2016.

This approval is subject to the following conditions:

1. That the study site may be monilored by the Mulago research and ethics
committee at any time,

2. That you will abide by the regulations gowemning research in the country as set by
the Ugandan National Council for Science and Technology including abiding lo
all reporting requirements for serious adverse events, unanticipated events and
protocol violations.

3. That no changes o the protocol and study documents will be implementad until
they are reviewed and approved by the Mulago Research and Ethics Committee

4. That you provide annual progressive repors and request for renewal of approval
at keast So days before expiry of the cumant approval.

5. That you provide an end of study report upon letion of the study including a
summary of the results and any publications.

I wish you the best in this Endeavour.

DR. NAKWAGALA FREDERICK NELSON
CHAIRMAN - MULAGO RESEARCH & ETHICS chllTTEE.

Vision: “To be the leading centre of Health Care Services”
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Tganda National Council for Science and Technology
(Established by Act of Parliament of the Republic of Uganda)

Qur Ref: HS 1650 267 Novembar 2014
Dy, Forence Nabrwire
Bapor Colge of Medens Childsn's Foundaton Liganda
Wabgo
Kampala
on: Research Approval: Effects of antiretroviral therapy during pragnancy asd lactation on e bone

heaith of ursan Ugasdan woman aad on Infast growth

| am gloased t inform you trat on 16082014, the Ugands Nationad Counel tr Scencs and Technalogy [UNCST] apaiowed e
shove mbarenced seasarch prowed. Tha Appeowal of e sesearch praject is for he peniad of 1SQ014 1o 16TAI017

Your research registrabion rumber with the UNCST is HS 1630, Pimase, ci s numiber in al your ftwe comespordences win
UNCST in naspect of e abowa research project.

As Princigal Investigair of the resserch project, you & resporsiie o WiSlag he Dilowing reqeiements of approv:

Uganda National Council for Science and Technology
(Exralished by Act of Parliament of the Repblic of Uardia)

Our Ref:  HS 1680 30" November 2015
Florence Nabwire

Baylor College of Medicine

Children’s Foundation - LUganda

Kampala

RE:  APPROVAL OF TRANSFER OF SAMPLES FROM BAYLOR COLLEGE OF
MEDICINE CHILDREN'S FOUNDATION -UGANDA TO MEDICAL
RESEARCH COUNCIL, UNITED KINGDOM

We refer to the application dated 27/0872015 req g for per ion 10 i I
obtained under the rescarch project titled, ‘Effects al Antiretroviral therapy dum'
Pregnancy and Lactation on the bose Health of Urban Ugandan Women, and Infant
growth: Locally known as GUMBA Stwdy”.

Ihe UNCST on 25/1 12015 appeoved your appli 1 fi e listed below through

Fmtebbe Insernational Asrport 1o Medical Researeh Council, United Kingdom,

Sample type and [ Number of  Number of | Total volwme of sample swored | Total  No of

sowree participants  study per participant per visi umigque
visits/ samples/aliquots
participant e be shipped
AR | (- for amalysis
1200 s 2.0mi 1000 simphes
Matomal  Blood- 2ul Oml abquots) {2000 aliquots)
serum | |
Maseral blood 200 5 LR 1000 samples
Lithium  Mepasia | ALH dx L Smil aliquots and (6000 sliquots)
and LDTA plasima | | EDTA 251, 0ud aliquots)
Il blood 200 ] 1.0md 800 samples
Seram l i L] Ol abgquors) (800 aliguots)
Matermal  2-hour | 200 s 20 Ol 1000 samphes
fasted wrine (ZXSml acadifiod alwguots) {4000 aliguots)
| | (2X5ml now-ocxdified aliquots |
Masermal blood 200 2 2.0md 400
culbilar mesterinls | | | {1x1.0mi) (500 aliguoisy
Muormal  Breast | 200 3 10.0md 600
milk ] (2x5ml abquots) | {1200 aligquots)

LOCATTONCORRESPONDENCE

COMMENICATION

1 Mlcodmmigaions mustta ket ifomied of he st of the research
2 Cranges, amendmants. ind sddends 1o the rsasrch protooot or the consent form (where appicasie) must te subxmitled 1 he
desigrated locdl Research Ethics Commiiee [REC| or Lead Agercy for re-seview and apsrovel prioy o the actwation of the
changes. UNCST must be notted of the approved chasges witvn fve working days.
3 For chricel viaks, o serious advirss awanls must be reporiad promptly o the designaled local REC b review with copies b Be
National Drug Authority
4 Uransopaid problens protems invohang risks 10 seserch mubpscisdperticients of olver must be reporid promplly 10 the UNCET. New
forrelion Tl beconas asalable which could change the risctaenet rato mast be subnitid pomply fr UNCST raem
1 wmmmnnuwmmmqmaw-ndammm
& A progress report must be submised slectronically 13 UNCST sithin our weeks ater awary 12 menths. Falure ie do so may
fisad! in termsinasien of tha resaarch project
Below &2 It of doaumerts pproved wit his applcaton. -
Cocumant Ttk B _| Language Verson Varson Dawm
! S prposa Englsn 2 4 e 201
2 “Fartopant inkmed consen! kms Ergha Luginga 10|19 Mach 00
3 Shady relerral and g fom Enghsh 10 13 March 2094
4 Chiricq] chat rpdess baim _Eaghst NA A
[} Ouestionnatres Esghed, Luginde | N NA
Yours sincerdly,
rh
Lessn N Omongo
far: Exscutive Secretary
UGANDA NATIONAL COUNCIL FOR SCIENCE AND TECHNOLOGY
@ Char, Jort Qincal Resesarch Cermer-Reseerch Efics Comemities, Kanpala
« Chak, Muagn Hospitak-Research Ethics Commitee, Kanpalda
LOCATIONCORRESPONDENCY COMMUNTCATION
Plar & Kiwers Road, Nndo TEL: (156) 414 705500
O Rex 6Y84 FAXT (156) 414-254579
RAMPALA, DGAVDA FMATL: infestunes. ga g
WERSITE: Mitp:iwww,sacvl go.ug

Plar & Riwars Komd, Nands TEL: (2%) 414 4
£ O Bex 0084 FAN: (25%0) 414-20480
EAMPRL, UGANDA EMAL: infwa sncvigoay

WEBSITE: hipe/wwm st g g
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Appendix 2: Referral form

| |
o WA ! Avuny
l;J REFERRAL FORM (GUMBA- FOO1)

[To be completed by referring health workers at various refermral points within ANC)

Date of Study Referral Number:R __ |
referral

Mother's
| hame .

Age M <IR 0 or >30 O
Mother’s DOB (years) EXCL. <18.0 or »39.9y
Address District Parish Zone/Village
(Exclude If
>20km)
Mobile Phone Number ()

Primary contact/Owner of Best time to
Phone phane

LMP (dd-mm- Gestation

yyyy) Age (wks) EXCL «2é or » 28

| Estimated EDD Chstetric
History

Date of
BMTCT ART
last HIV Code Code

testing
Recelved Post-test Counselling?

If TRR, & the mother ' YES
Inttiating HAART during
Current ancy?
Date of
:‘A‘RT o | EXCL. If not Initiated during current pregnancy
Latest CD4 count results Date of
results
Received counselling on  Infant feeding aptions, and has chosen or
intends to breastfeed for at least 6 months

Pregnancy currently classified as low risk (as per ANC protocol)
Explained to the mother baseline information about GUMBA study

Mother interested In leaming more about the GUMBA study C

Date of next ANC

appointment

Date of next PMTCT
ntment (f bile

CYES [ NO

If yes, HAART
Regimen?

. NO EXCL. If not 1* Ine

0

0
0
5§|15|5|3

]

Comments (if any)

Name of ANC staff making referral:
Signature and Date:

Referral form. Version 1.1. Dated 13™ March 2014 Page 1 of 1
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Appendix 3: Screening questionnaire

f | SCREENING FORM (GUMBA - F002)

IM I l I | I | | Study Referral Number:R __ |

Al. Mid-Upper Arm Clreumference

(DO/MM/YYYY)

SECTION A: ANTHROPOMETRY

(MUAC) [ coee [ ssee | avae | # | oee [ €m

SECTION B: PRIMARY INCLUSION CRITERIA

Study Screening ID: S__ |

A aney SCREENING FORM (GUMBA - F002)

Study Screening ID: S__ |

SECTION C: MEDICAL HISTORY (CHART REVIEW)

&) History of smoking prior to current pregnancy
b) Currently smoking
c) If yes, how many cigarettes per day

B13: Does the potential participant have a known diagnasss of o YES = NO
&) Renal disease o ves o No
b) Type 1 or 2 or gestational Diabetes Mellitus o YeS MO
€) Hepatitis Bor C o YES o No
d) Hypatension o YES ONo
€) TB/TB suspect o YES o NO
f) Fractures/Bone disease o YES o NO
@) Proteinuria o YES o NO
h) Other pr related cor

EXCL. if Yes to any
B14: Smoking o YES o NO

B15: Alcohol consumption
&) History of slcohal consurmnption
b) Alcohol consumption during current pregnancy
c) If yes, how much per day............ i

B16: Caloum supplementation
&) Currently on caldum supplements
b) If yes, List prepar:

O ves O nwNo
(EXCL. if >.......)

&) Currently on caldum supplements
a) If yes, List prepar.
b) Dose/number of tablets ...

O ves O nwo
(EXCL. if >.......)

B18: Other Vitamin/

(e.g. multivitarmins, if YES list)
B Dose
2. _Dose

O vs 0O nwo

B19: Current medication(s) & dose - list (if YES). Other than ARV
or nutrient supplements

1. Dose

2. Dose

B1: | Is the potential participant willing to have a study staff
review her hos file? O ves O no+
B82: | Is the potential participant between 18.00 and 39.99 years
ald? O ves 0O wnoe
B3: | Is the gestation age < 28 weeks? (Based on fundal height)
O ves O noe
B4: |Isitasi ancy? (If known
ngleton pregnancy? ( ) O ves O noe
B85: | Is the potential participant willing to deliver at Mulago
Hospital? O ves 0O noe
B6: | Does the patential participant live within & reasonable
distance (< 20km) of Mulago hospital? O ves O noe
87: | 1s the potential participant willing to be visited at home?
O ves O no*
BB: | Does the potential participant plan to breastfeed for at least
6 months? o O ves O woe
B9: | Does the potential participant have recent HIV test results
(<3months)? O ves 0O noe
810: | Is the potential participant ART naive or if HIV® only initiated
HAART during current pregnancy? O ves O no*
Please ask about use of PEP/PrEP
B11: | If MIV positive, IS the participant on or due to inttiate first
line HAART? O ves O noe
*EXCL. If NO to any of statements 81-811
B12: Is the participant currently enrolled in another study ($)?
If Yes, which study O ves O wNo
(EXCL. If YES)

Soeening questionnaire. Version 1.1. Dated 13% March 2014

O ves O nwNo

Thank you for your interest in this study. With your permission, [ will introduce you to

the study counselior who will go through the informed consent form

with you. Please feel

free to ask questions and or seek darifications where necessary.
END OF SCREENING QUESTIONNAIRE - PART 1

Soeening questionnaire. Version 1.1, Dated 13% March 2014

AR R s R

Page2 ol 6
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(l.m. f ..\,1 SCREENING FORM (GUMBA - F002)

l i _j\ Study Screening ID: S__|_|_|

SECTION D: OUTCOME OF INFORMED CONSENT PROCESS (70 be compleated by counsedar)

PART 1: To be completed at inftiation of IC process

Mother potentially eligible to participate in the study oves | O noe
(review screening Q above with focus on points for exclusion)

Inforrmed mother intr to Informed

consent (1C) form DVYes | O Noe
Given both English and Luganda coples of approved Informed ovyes | o noe
| consent form to take home

Scheduled for enrolment visit at 32 weeks of gestation O YES | O NO*

Date of next appointment (dd/mmyyyyy) I | I ] I | I I

Name of person Initiating consent process

Signature: Date: l Tirme:

PART 2: To be completed on day IC Is cbtained.

Study information discussed with participant and given & chance to

sk questions [ oves [owoe
Language In which informed consent was obtained | O English O Luganda

Informed consent obtained O YES | O NO*
Participant agreed to home escort on day of consent O YES | O NO*
Home visitor assigned Igy;s anNo N‘"‘;(sm

Name of person who obtained consent

Signature: I Date: I Tirme:

*1f No to any of above- document reasons here (Insert additional paper If necessary)

Soreening questionnakre. Version 1.1. Dated 13% March 2014 Page3of 6

QC1: Inials. - Dete

l‘-.. f .,,,,I, SCREENING FORM (F002)

|—'J Study Screening ID: S__|_|__|

E: EENIN - PART 2 1
(To be compieted Dy Study Nurse & envalment vEE after fovmed consent has Deen sb@ined)

Pl [ [T T T LT ] commwnm

CHECKLIST FOR BASIC INCLUSION CRITERIA

82.1: | Is the potential participant between 18.00 and 35.99 rs
olg? o = lo ves O o
B83.1: | Is the gestation age < 37 weeks? (Based on ultrasound
scan) O ves Ono
83.2: | Current gestation age in weeks - —eememeeeeee
B84.1: |Is it & singleton pregnancy? (based on ultrasound scan)
O ves 0O no*
87.1: | 1s the potential participant willing to be visited at home?
ol o O ves O nos
B88.1: | Does the patential participant plan to breastfeed for at
least 6 months? O ves 0O no*
810.1: | Is the potential participant ART naive or if HIV* only
Initiated HAART during current pregnancy? O ves 0O no*
Confirm about use of PEP/PrEP
B11.1: | If HIV positive, & the participant still on first line HAART
(currently TOF/3TC/EFV)? O ves 0O no*
*EXCL. If NO to any of statements above

CHECKLIST FOR MEDICAL HISTORY [review fie, AVC isd resuits, d scan and ask
wiere necessavy]
B813.1: Does the potential participant have & known diagnosis
of: C YES* ONO
a) Renal disease O YES* O NO
®) s “’C C YES* ONO
€) Hepatitis 8 or o yes* OwNO
- - C YES o nNo
-
- —— C YEs* ONO
f) Fractures/Bone disease
@) Proteinuria (++) or (+++) or (#+++) C YEs* ONO
h) Other pregnancy related complications O YEs* ONO
* EXCL. if Yes to any
Scoeening questionnake. Version 1.1, Dated 13 March 2014 Page s of 6
[ T LT — | P— QC2: hiteis ... T P
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SCREENING FORM (F002)

Study Screening ID: S__|__|__|

ey PN

SCREENING FORM (F002)

Study Screening ID: S__ |

SECTION F: STUDY ENROLLMENT DETAILS (70 be completed by study turse)

Mtgpam understands study protocol and is voluntarily interested to O vES o No*
join the study

Participant enrolled into the Study ays Bk
STUDY 1D assigned

Narne of study staff who enrolled the participant: |

Signature: ID&:: Iﬂme:

Participant scheduled for study visit at 36 weeks of gestation O YES 0O NO*
| Coarminiw L[] v

*1f No to any of above- document reasons here (Insert additional paper If necessary)

Screening questionnake. Version 1.1, Dated 13 March 2014 Page S of 6

SECTION G: OUTCOME OF HOME ESCORT (70 be completed by home véior

Participant lives within location of interest O ves O NO*
Baseline soclal economic Questionnaire completed O Yes O NO*
Home visit successfully done O YES O NO*
Contact Details form completed O YES O NO*
Participant linked to the area community volunteer on the study O Yes O NO*
Name of CV attached to
perticipant Phone no.

Home escorted done by .

(NAME) Signature:

Date (dd/mm/yyyy) [ [ [ [ [ [ [xme

*1f No to any of above- document reasons here (Insert additional paper If necessary)

Soeening questionnakre. Version 1.1, Dated 13% March 2014

Page 6 of 6
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Appendix 4: Informed consent form (English version)

.
HNR study no. 6522: GUMBA study 1
Protocol Version 2, Dated 24% June, 2014 L. !

RESEARCH PARTICIPANT INFORMED CONSENT FORM

Protocol Title: Effects of exposure to antiretroviral therapy during pregnancy and breastfeeding, on
‘maternal bone health and infant growth in urban Ugandans

Short title: Maternal ART and bone health in Ugandan mothers, and their infants (to be known
locally to participants in Uganda as the GUMBA [‘Bone’] study)

Principal Investigator (s): Ms. Florence Nabwire (PhD student), Dr Gail Goldberg and Dr Ann Prentice of
MRC Human Nutrition Research Unit in Cambridge, UK

Funder: UK Medical Research Council, UK.

Date/Revision: 24" June, 2014

1. Introduction:

«  Youare being invited to take part in a research study. This study is being organized by the Nutrition and
Bone Health Group at the Human Nutrition Rescarch Unit (HNR) of the Medical Research Council, in
Cambridge United Kingdom (UK), in collaboration with Mulago National Referral Hospital (Mulago
Hospital), Baylor-Uganda and MUJHU CARE Ltd (MUJHU).

«  You have been approached to participate in this study because you are pregnant and seeking antenatal
services here at Mulago Hospital. We are looking to recruit women aged 18-40 years at less than 28
weeks (about 5 months) of pregnancy. We plan to recruit about 200 pregnant women, that is 100 HIV-
infected and 100 HIV- uninfected pregnant women.

«  Before you decide if you want to join, we would like to explain the purpose, the procedures, the risks and
benefits of participating, and what will be expected of you and your baby.

o Please read this consent form with care. You may also have this consent form read to you.

o Ask questions about things that are not clear to you now or when you think of them later.

o After the study has been fully explained to you, and all of your questions have been answered, you can
decide freely if you want to join the study. Your participation is entirely voluntary. If you decide not to
join the study, or decide later to leave the study, your and your baby’s care will not be affected.

« Attheend of the study, you will be told when the study results will be ready and how you can learn about
them if you wish,

«  You will be followed in the study for between 2 and 3 years (depending on your current stage of
pregnancy and when you stop breastfeeding); and your baby will be followed up for about 1.5 years. We
hope to be able to extend the study period in the future if funding is available. So will ask you if you
consent to be invited to participate in future rescarch

Page 10f 10
APPROVAL ! : EXPIRY DATE
|
26 JUNTOW | 2y) 26 JUN 2015

JOINT GLINIGAL RESFARCH CENTRE

-
HINR study no. 6522: GUMBA study | PacPDLabelfee |
Protocol Version 2, Dated 24* June, 2014 L

2. Why is the GUMBA study being done?

The main objective of this study is to find out if HIV-infected pregnant women started on ARVs lose more
bone after delivery compared to HIV-uninfected women, and if HIV-infected women on antiretroviral drugs
(ARV) regain their bone after they stop breastfeeding. We also want to find out if the ARVs taken by HIV-
infected pregnant or breastfeeding women affect the bones and growth of their babies who are not bon HIV-
infected. Studying bone loss is important because when someone loses too much bone, their bones become
weak and so they are more likely to get fractures in the future.

Bone mineral loss in women during pregnancy and breastfeeding is natural, It happens so that the baby's
skeleton can grow and to have important nutrients such as calcium, in breast milk. The bone mineral is
replaced again later and does not seem to cause more fractures than expected compared to women who have
never been pregnant or breastfed. Some studies (but not done in pregnant or breastfeeding women) have
reported bone loss in HIV-infected people within the first two years of starting ARVs. However, we do not
know whether any losses in bone are greater in HIV-infected pregnant and breastfeeding women on ARV,
and we also do not know if and when their bones return to normal after they stop breastfeeding. Furthermore,
ARVs are passed to the babies during pregnancy and breastfeeding to protect them from HIV infection but
we have little information on whether this has an effect on the bones and growth of babies born to HIV-
infected women on ARVs. This study will help us better understand the effects of ARVs on the bones of
mothers and their babies,

This study has been approved by Institutional Review Boards (IRBs) and Ethics Committees (EC) in the UK
and in Uganda; and received a research permit from the Uganda National Council for Science and technology.
IRBs are special groups of people that decide if a study is good science and ECs watch over the safety and
rights of research participants.

@

‘What will happen if you and your baby join the GUMBA study?

You will be asked to come for a total of eight study visits over the next 2-3 years. During pregnancy, your
study visit will be scheduled at 36 weeks of gestation and you will be expected to deliver at Mulago Hospital.
After delivery, you and your baby will be asked to come for study visits at 2 weeks then at 3, 6, and 12 months;
thereafter you will also have a study visit at 3 months after you stop breastfeeding, (so the time cannot be
known for this at the moment); and your baby will have a visit at 18 months of age. Apart from the 2 week
visit, all the other visits will be scheduled to match with your postnatal, immunization and growth monitoring
appointments. All study visits will be at Baylor-Uganda and MUJHU (located about 50 metres from this ANC
clinic) and you will continue to receive routine health services for mothers during pregnancy and for mother-
baby pairs afier delivery as per the national guidelines. We will also access your health records for information
of relevance to this study, this will include your 1, delivery, I, i ization, family planning
and HIV care records (where applicable) within the hospital. All the information will be treated in the strictest
confidence. You will be given a study number and no names will be used with the information collected. At

Page 201 10
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HNR study no. 6522: GUMBA study
Protocol Version 2, Dated 24% June, 2014 ' 8 |

the end of the study you will continue to receive routine health services within Mulago Hospital or at another
clinic of your choice.

4. Tests and Procedures at the study visits

Baseline (enrolment)! With your permission, we will keep any of your left over blood that was collected today in
the lab y for routine | tests, for future information relating to this study.

Visits during pregnancy: You will be asked to come to Baylor-Uganda Clinic in Mulago at about 7:00 AM afier
fasting ovemight (no eating or drinking except water since 11:00 PM the night before). We will ask you to empty
your bladder when you arrive and give you some water to drink, then after 1 hour we will take a blood sample
(about 2 tablespoonsful) and you will collect urine at the end of 2 hours. You will not be allowed to cat within
this time but we will give you breakfast after the 2hrs. We will also measure your weight and height, and ask
about your food intake, sunshine exposure and any ck in your ic status and/or residence since
your last visit. You will also receive routine antenatal services before you go home.

At delivery: We will ask you to try and deliver at Mulago Hospital. Depending on where and when you deliver,
we will collect cord blood and we will measure your baby’s birth weight, length and head circumference. Cord
blood is collected from the umbilical cord immediately after the birth of the baby; after the cord has been cut
.This will not cause any pain to you or your baby.

Visits after delivery:

At 2 weeks after delivery: You will be asked to come to Baylor-Uganda clinic with your baby without fasting
overnight. We will measure your weight and height, and then ask about your food intake, breastfeeding practices
and collect urine samples from you and your baby. We will also ask you to collect about | tablespoonful of breast
milk and then give you a dose of tracer water to drink. The tracer water is safe and is used in studies all over the
world. It will enable us measure how much breast milk your baby takes. You and your baby will then have a bone
scan before you go home. A home visitor will then come to your home for the next 13 days to collect urine
samples from you and your baby at a time of your convenience, The urine samples will be used to estimate how
much breast milk your baby takes and the breast milk sample will be used to measure the amount of nutrients in
your breast milk.

At 3,6, 12 months after delivery, and 3 months after you stop breastfeeding: You will be asked to come to Baylor-
Uganda Clinic in Mulago with your baby at about 7:00 AM after fasting overnight (no eating or drinking except
water since 11:00 PM the night before). Put in something about pregnancy test here. YOUR BABY WILL NOT
BE REQUIRED TO FAST; THEREFORE YOU CAN BREASTFEED YOUR BABY NORMALLY
BOTH AT HOME AND IN THE CLINIC. We will ask you to empty your bladder and then give you some
water to drink to help with urine production. At this point you will be asked to collect a small amount of that urine
for pregnancy testing and if found pregnant, you will not continue with the study procedures. If confirmed not to
be pregnant, we will take a blood sample from you (about 2 table spoonful) after | hour and then ask you to
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collect your urine at the end of 2 hours. A blood sample will also be taken from your baby (about /4 tablespoonful)
anytime within the 2hours. You will not be allowed to eat within this time but we will give you breakfast after
the Zhrs We wl" also measure your welghl and height, and then ask about your food intake, breastfeeding

P and any ges in your soci ic status and/or residence since your last visit
nnd ask you to collect a breast milk sample (if still breastfeeding). In addition, we will measure your baby’s
length, weight and head circumference, and ask about how she/he is feeding. Thereafter, you and your baby will
receive routine services (postnatal and immunization) and then be escorted for bone scans at MUJHU. For the
visit at 3 months, we will again give you a dose of tracer water and collect urine samples from your home for the
next 13 days.

5. What is a bone scan (DXA)?

The DXA is a special X-ray that measures how much mineral your skeleton contains in the whole body or at
particular parts of the body like the hip and spine. It also measures how much of your body is fat, muscle and
bone.

For the DXA scan, you will lie still on a bed for up to 15 minutes while a machine passes over your body and
takes a picture of your bones. Each maternal DXA scan visit involves scans of the whole body, spine and hip.
There will be up to three tries for each scan per visit. Before each DXA scan we will perform a pregnancy test on
your urine sample to make sure you are not pregnant. The DXA scan will not be done if you are pregnant, because
the information they will provide will not be useful to the study. Therefore, we will not unnecessarily expose your
unborn child to X-rays.

Whole-body DXA position

Sample Whole body DXA scan

For your baby's scan, your baby may be held while the scan passes over him/her. We may wrap your baby to help
him/her keep still during the DXA scan, and they may be asleep, which may take up to 15 minutes.

The DXA will be taken at 2, 6 and 12 months of age but not at 18 months, because it’s difficult to maintain a
child in a motionless position. There will be about 3 trial times for every picture taken during your visit.
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You or your baby will not feel anything while this DXA scan is being done. You will not be informed about the
results of the DXA scan during the study as the DXA data will be sent away to be read by experts in Cambridge.
However, your study doctor will be informed if there is any information that they would need for your care.

6. What is Tracer water?

All water is made up of two parts called hydrogen and oxygen. The special water we are going to give you to
drink contains some hydrogen parts that are heavier than ordinary hydrogen and is called deuterium. It tastes the
same as ordinary water,

Deuterium has been in use in human behavior studies for over 50 years now. When it is absorbed in the stomach,
the tracer water mixes well with body fluid that helps us locate the fluid’s movement in and outside the body by
measuring the amount of oxygen in the fluid (better than in urine or saliva). Tracer water leaves the body mainly
through urine within 14 days. In this study, a small amount of tracer water will be given to the mother, and then
we shall obtain urine or saliva from the mother and her child. Tracer water will go into the child through breast
milk, so obtaining urine or saliva from the mother and the child in 14 days; we hope to estimate the amount of
breast milk the child takes. Therefore, we will send a home visitor at your home every day over the 13days, to
collect urine samples at your convenient time.

7. Summary of the tests that will be done in this study:
a. Tests of blood and urine to see if you or your baby are losing or gaining bone.
b. Tests ofh inerals and vitamins that affect bone metabolism through testing of blood,
cord blood, breast milk and urine.
Blood tests that measure how much the body is reacting to infections.
d. Tests of tracer water in urine to estimate how much breast milk your baby suckles at 2 and 14
weceks of age.
e. A special x-ray, called a DXA scan, to measure how much mineral there is in the bones.
f. We also request to keep your blood cells for genetic tests related to bone metabolism

L

Some of the urine test results will be made available to you at the study visits (e.g pregnancy test and
urinalysis). At the end of the study, we will send the results of the last DXA scan to your doctor so that
your doctor can counsel you about your bone health and the bone health of your baby. Some of the other
special test results on you and your baby will not be given to you because they will not be available
during the study.

Sample storage: The blood, urine and breast milk samples that are collected during the study will be stored
in freezers at Baylor-Uganda and HNR for tests mentioned above and for future studies relevant to bone
health, breastfeeding, HIV and ARV in mothers and babies.
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8. Areyou willing to have a study staff come visit you at home?
If you decide to participate in this study, a study staff called a health visitor will accompany you to your home
today to know where you live., This is important so the health visitor can help remind you of clinic visits if
you are not able to come to the clinic on your planned day or if a test result is not normal and you are required
to be reviewed by the study clinician at the study clinic. If you do not come for a scheduled visit or if a test
result comes back abnormal, the study health visitor will contact you. The home visitor will also help collect
urine samples from your home after you have drunk the tracer water,

- of

What are the risks of participating in this study?

Taking part in this study may involve some risks or discomforts. There is a risk of minor bruising from the
collection of the blood samples but this is minimized as only well-trained and experienced staff will take the
samples. For your baby, we can apply a numbing cream before drawing blood to reduce the pain if you wish
s0. There are no risks in collection of urine, although sometimes it may be uncomfortable for some people.
There are no risks in the collection of cord blood.

A. Risk of A Scans

Risk of the DXA Procedure:

No complications are expected with the DXA procedures which measure the mineral content of your and
your baby’s bones. Care is taken during DXA procedure to use the lowest radiation dose possible while
producing the best pictures for evaluation. National and international radiology protection councils
continually go back and look and update the technique standards used in DXA procedure. DXA systems have
tightly controlled X-ray beams with significant filtration and dose control methods to reduce stray or scatter
radiation. This ensures those parts of a participant’s body not being imaged receive very little radiation
exposure. The radiation dose from DXA is very low so the staff operating the scanners do not have to wear
special protective clothing and the room does not have to be shielded.

Risk of Radiation:

There is a risk from being near X-rays, also known as radiation. Radiation is energy in the form of waves.
Every person is exposed to a small level of radiation from the sun, naturally (called background radiation).
Exposure to X-rays, particularly at high doses, can lead to cancer. However, the level of X-rays used in a
DXA scan is very low and is about the same as used for a chest X-ray. The study staff has been trained to do
the DXA scan using the small of X-ray possibl

The radiation exposure in this study is for research purposes only and is not part of your medical care. X-
rays can damage cells, but at low doses the body is usually able to repair these cells. The total amount of
radiation that you and your baby will receive in the whole study will be comparable to a few days of natural
radiation exposure in Kampala, although this will be in addition to the background radiation. This is much
less than the radiation that the average person gets each year from natural sources like the sun, air, food, and
soil. The risk from the radiation exposure in this research is very small.
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The radiation exposure talked about here is what you or your baby will get from this research study only. It
does not include any exposure you or your baby may have received or will receive from other medical tests
outside of this study that are done as part of your regular medical care. If you have questions about the total
amounts of radiation you or your baby will be receiving, you should ask the study doctor.

Risks Related To Pregnancy:

We will not do DXA when you are pregnant because the X-ray will not be able to differentiate your bone
from your unborn baby’s bones; such scans will not be useful in this study. Furthermore, the cells that
multiply very fast like those of the unborn baby are more sensitive to radiation. Therefore pregnant women
will not take part in the DXA part of the study. Before the DXA scans are done you will have a urine
pregnancy test. The urine pregnancy test will be done on some of the urine that you will collect the beginning
of the two hour fasted procedure. No pregnancy test is needed before DXA scans at 2 week after delivery of
your baby, since that is too carly after delivery for you to be pregnant again. If you are found to be pregnant
you will not be able to continue with all the study procedures including DXA. You will be removed from the
study at this point because the pregnancy will affect the measurements from your blood and urine samples
and also the DXA scans will not provide accurate information about your bone health However, we will ask
you to continue bringing your baby (already enrolled in the study) for the study visits as scheduled.

B. Risks of information about you becoming known by others
Study staff will make every effort to protect your privacy while you are in this study. Your visits here will
take place in private. Some of the study staff will know your HIV status. These workers are very serious
about your privacy and will make a lot of effort to make sure that others do not learn about your HIV status,

C. Risk of new clinical diagnosis:
If we find any abnormalities in your bone scans and/or blood and/or urine samples which are
be clinically reportable, we will inform you and then refer you to a specialist within Mulago Hospital for
further investigations. This might lead to a new diagnosis for which the study will not pay for subsequent
examinations or treatment.

s aed

o

D. Risks related to Overnight Fastin
We will ask you to fast overnight and come early morning (7-8 am) to the clinic on some of the study visits.
You will only be allowed to drink water during the first 2-hours in the clinic, so you may feel hungry and
weak. However, you will be served breakfast at the end of the 2hrs (about 9-10am depending on when you
come in), which should not be too different from your usual habits, and you will have access to a
comfortable sitting area with itable for both children and adults.

E. Safety of Tracer Water
The amount of deuterium oxide that will be used in preparation of tracer water dose is considered safe. The

tracer water is excreted out of the body through urine in both adults and children. Scientist at HNR are
experts in this technique and have been using this method for over 30 years all over the world and no
adverse effects have been observed in the mothers or infants.
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10. Are there benefits to you or your baby for taking part in this study?
There may not be a direct benefit to you and your baby. However, the study will pay for your routine
I d scan ded by the midwife, if you haven’t had one already and cannot afford to pay for

yourself.

Above all, your participation in this study will benefit the wider society, because it will enable us to gain
valuable information on whether HIV-infected women on ART lose more bone compared to HIV negative
women. This has the potential to improve care for HIV-infected women and also their children.

Having a DXA scan may provide important information for your doctor about your bone health and the
bone health of your baby. You may get some satisfaction from knowing that you and your baby
participated in this study.

11. Do you have to take part in this study?

Joining this study is entirely voluntary. It is up to you to decide whether or not to take part. You may decide
not to take part now or take time to think through before you make a decision. If you do decide to take part
now you will be asked to sign the page provided at the end of this consent form. However, you will be free
to withdraw from the study at any time, if you wish. Your decision now or in the future will not influence the
medical care you and your baby child will receive within the hospital. If you decide to withdraw from the
study in the future, with your ples and data obtained may be kept and used to contribute to study
results or for future studies. However, should you request your samples and data to be destroyed along with
any other information relating to you, we will ensure that this takes place.

12. Why might you and your baby be taken off this study early?
You and/or your baby may be taken off the study early if:
e Ifyouare found to be expecting twins or more children
* If you experience a miscarriage or deliver before 37 weeks of gestation (preterm birth)
* If you stop breastfeeding before 14 weeks after delivery
e Ifyou have a subseq preg! during the postpartum period
o The study staff decide that staying in the study would be harmful to you or your baby
e Ifthere is a major problem with equipment
¢ You and your baby are unable to follow study procedures as told;

13. Will it cost you anything or will you be paid to be in this study?
There is no cost to you for your study visits, exams, blood tests or DXA scans or those of your baby.
You will receive 15,000 Uganda shillings as compensation for your time and travel for each scheduled
study visits at Baylor-Uganda.
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14. What information is kept private and what information may be given out?

The study staff will do all they can to keep information about you and your baby's part in this study as private
as possible. On your and your baby's study records, a code will be used instead of your names. Only the study
staff will know this code. The study staff may see the details about your and your baby’s health. The study
staff, and the study review boards, may see details about your and your baby's health in research records. The
study staff will not give out any information that tells who you are to any other groups without your written
consent. All the study forms used for the study visits and collection of samples will only have your study
number and age for identification. All records and information will be kept secure in locked rooms. Any
publication of this study will not use you or your baby's name or identify you or your baby personally

15. What happens if you or your baby is injured in this study?
It is extremely unlikely that there will be any harm caused to you or your baby as a result of participating in this
study. Ifthe study staff determines that you or your baby have/has been negligently harmed as a direct result of
participating in this study, you will be given immediate treatment for those injuries at no cost to you. There are
no other special compensation arrangements. By signing this consent form you will not be giving up any of your
legal rights in such situations.

16. Whom should you call if you have study questions, or a study problem?
If you ever have questions about this study or if you have a study related medical problem or injury, you
should contact Dr Vincent Tukei or Ms Florence Nabwire at Block 5 Mulago Hospital on the toll fee line
0800 111011 on weekdays (Monday to Friday) from 08am to Spm; .If unable to reach them, you can
contact Dr Dorothy Sebikari at the Makerere University-Johns Hopkins University (MU-JHU) Research
Collaboration, Upper Mulago Hill Road on telephone number 0414-541-044 (not toll free ).If you have

questions about your rights as a h participant, you may contact the Joint Clinical Research Center
(JCRC), the Uganda IRB, through its chairman Dr. Jesse Kagimba on teleph ber 0414 270 622 or
0414 270 283.

17. What does your signature mean?
Your signature or thumbprint on the next page means that you understand the information given to you
about the study and in this consent form. If you sign or place your thumbprint on the form, it means that you
agree to join the study. By signing this consent form, you have not waived any of the legal rights that you
otherwise would have as a participant in a research study.

WE WILL OFFER YOU A COPY OF THIS CONSENT FORM.
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STATEMENT OF CONSENT: I have read (or someone has read and explained to me) the information in this
consent form. | understand the purpose of this Bone Health and Child Growth study also known as GUMBA
study, the clinical and research methods to be followed and which ones are extra, and the risks and benefits as
described in this written summary. I agree by my own choice to join and to allow my baby to take part in the
GUMBA study.

Participant’s Name (print) Participant's Signature or Date
Thumbprint

For all participants: | have explained the purpose of this study to the participant and have answered all of her
questions, To the best of my knowledge, she understands the purpose, methods, risks and benefits of taking part
in the Bone Health and Child Growth study. She willingly agrees to her and her baby’s taking part.

Name of person obtaining Sig of person obtaining Date
consent (Print) consent

For illiterate participants I attest that the information contained in this written consent form has been read and
explained to the volunteer. To the best of my knowledge, the information provided was complete and accurate.
The volunteer appears to understand the purpose, methods, risks and benefits of taking part in the Bone Health
and Child Growth study also known as GUMBA study. She willingly agrees to her and her baby’s taking part.

r those placing a thumbprint only: [attest that the participant who states that her name is

has placed her thumbprint on this consent form out

of her own free will on this day
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Appendix 5: Home visit contact details form

GUMBA STUDY CONTACT DETAILS FORM (FO03) Version 1: Dated 01 December, 2014 GUMBA STUDY CONTACT DETAILS FORM (FOO3)  Version 1: Dated 01 December, 2014
o _
(2a). Do you have an aternative phone number Yes TIne O
MULAGO ANC NUMBER: STUDY SCREENING NUMBER: SN__ || | which we can call If your phone Is not avalladle?

/ (2b). PHONE NUMBER (5): | | [

DOS: / / — STUDY NUMSBER: MAB __| | __|-1__I | ) ‘_:_:_‘_: :_l_ |
i alreacy enrolled into st —_—t

. . — L DETALS OF PHONE OWNER

This form should be forall L d into Gumba study or as an update when the

(2c). FULL NAME
contact detadls of the mother or child change
(2d}. RELATIONSHIP
Type of entry O Form completed at enroiment
[Mick rebevant box) (2e). Is this 3 personal phone number. Na O Yes O N O

O Anupdate of new detalls

PRIMARY CONTACT DETALS

(1a). FULL NAME OF MOTHER:

If No, specify

o yes: Are yox for us to phone this person If 553 Yes OJ
(P Low capital lwtters with pood pacing) (2f). ff yes: you happy for us to ph person If necessary: No

oo

(28). Do you stay with this person In the same house? Yes O No
(1b}. FULL NAME OF BABY.

[ form usdated postpertum| (pheses e copitnl letters with good spacing) HOUSEHOLD DETAILS

(1c). ADDRESS/LOCALITY* (3} Whomdoyou stay with? [ Alone O Relatives 0O Friends T Musband T Parents
[* narete direction (43) How many adults (>18 years) currently live in your household?
1o reldence & drew map below)

(4b}. How many children (< 18years) currently live in your household?

(4c). How many children are aged < S years?

(5. Specify the type of house the mother lives In? (Tick all that apoly)

(1d). PHONE NUMBER (S): ) (5a).Roofing: [ Grass thatched T Iron sheets O Tiles O Other, specify

NN JUNN N N N U N U N (Sb.Walls: [0 Thatch/mud/cay O sun-dried bricks DO bumnt bricks O stone O Cement

(1e). Is this 3 personal phone number: NA O Yes O No O (5c)fieor: O Earth O O Cement O Ties O wood/planks O broken bricks
1¥ No, specify (5d).Tenure: [ Earth O O Cement O Ties O wood/planks O broken bricks
= -
(1f). ¥ yes: Are you happy for us to phone you If necessary? Yes O Ne O (6). M many rooms does v wee for :[
(1g). Are you happy for u sto visit you at home i necessary? Yes O No O
SOrww map here
(7). Do you work away from home? NAa O ves O wNo O
(8a). When is the best day to visit you at home, if necessary?
(8b) . When Is the best time 1o visit you on the preffered day ¢ Al Cam Oem
fin L2houwr clock)
COMPLETED BY : [Print same in space below) SIGNATURE
1 IS Pagelof2 ac:
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Appendix 6: PG36 questionnaire pack

MINR smady 5o 8322 Clumibe sndy : Place MDD Label Yere
Proscel Verson 3.0, Dused 114 May, 2015 L

OFFICIAL - SENSITIVE

l I
G f snov

a—

QUESTIONNAIRE PACK FOR PG36 VISIT - COVER PAGE

DATE COMPLETED: / / | (ddmmyy)
MOTHER’S DETAILS:
Mother's StudyNo: | i
1 S— |
Mother'sD.OB: 1 (ddmm'yy)
..o

EDD (based on ultrasound scam): Date ___|__ |/

NAME OF INTERVIEWER: .................. Eeuiiasny, SEIGNATURE.............
PGIS Questionnake. Version 2.0, Deted 11™ May 2015 Page 1 of 16
QC1: vtials ... Date - QC2: Inniais. Date

I l
s f smov T eT—

| I

OFFICIAL -SENSITIVE

BASELINE DEMOGRAPHIC, SOCIO-ECONOMIC STATUS AND MEDICAL
HISTORY QUESTIONNAIRE (MAB-Q1)

SECTION A: ANTHROPOMETRY FOR MOTHER

Weight o kg

mm e e weae - - o=

Mid-Upper Arm Clrcurnferencs cm
T [ U P— 5] (-

SECTION B: GENERAL INDIVIDUAL AND HOUSEHOLD CHARACTERSITICS

1. When Is your date of
rth

Birth? (RO Y JO— (. . T[T TSN
2. What is your 1] Protestant
Religion? [2] Roman Catholic
[3] Muslim
[4] Pentecostal/ Born again Christian
[5] None

[6] Other (Specfy)

3. What is your highest | [1] None
level of education? [2] Primary

[7] Vocational
[8] University

4. What do you do to [1] Housewife

eam a ving [2] Petty trader
(Occupation)? [3] Busi

[4] Casual laborer

[6] Salaried employment
[7] Unemployed

[5] Student

[6] Other (Spedfy

PG3S questionnake. Version 2.0, Dated 11™ May, 2015 Page 2 of 16

QC1: Stals ... Date ... QC2: Inmials......... Date ...
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5. How much do you
eam in & month?

6. What Is your Marital
status?

Divorced (skip to Qn
Separated (skiptoQn 9
Widowed (skip to Qn 9)

1

2

3

4] Single, never married (skip to Qn 9)
s 9)

6

7

l I
M‘A!M

OFFICIAL -SENSITIVE

SECTION C: HOUSING CONDITIONS®
Now | would ke to ask you about your housing conditions: all the rooms and all
separate bullding used by your household members.

12. Whom do you stay with?

[1] Alone
[2] Relatives
[3] Friends
[4] Husband
[5] Parents

6. If married, what is [1] Nene
the highest education [2] Primary
level attained by your 3] O-level
husband? 4] A" - level
5] Diploma
6] Certificate
[7] Vocational
[8] University
7. If married, what is
the occupation of your | [1] Petty trader
husband? [2] Businessperson

13. How many people currently lve in
your household?

13D. Adults.....

14. What type of house are you

T1] Independent hou

staying in? 2] Tenernent (Muzigo)
3
4
5
(3
(7
8
&)
15. What is the tenure status for your | [1] Owned
house? [2] Rented (Normal)
3] Rented (subsidized)
4] Supplied free by empiloyer
5] Supplied free or rent paid by other person
6] Other (specify)
16. How many rooms does your
household use for sleeping? P
17. What is the major construction 1] Thatch, Straw
material of the roof? 2] Iron sheets
3] Tiles
[4] Other (specify)
18. What is the major construction [1] Thatch, Straw
material of the external wall? 2] Mud and poles
3] Nimber
4] Un-bumnt bricks
5] Burmnt bricks with mud
6] Burnt bricks with cement
[7] Cement blocks
2] Stone
9] Other (specify

[5] Unemployed
6] Student
[7] Other (Spedfy
8. If marmed, How
much does your
husband eam in & | e eeeseeesed uGx C Do not know
month?
9. Who is the main 1] Se¥f
bread winner of the 2] Musband
household? 3] Parents
3] Relative
[4] Friend
[5] Other specify.......—oecoeeee.
10. What is the most 1] Salarted employment
Important source of 2] Casual labour
eaming for your 3] Donations
household? 4] Remittances
[5] Sale of farm produce
[6] Other specify.......cuee.
11.Do you have cther 1] None
sources of earning for 2]Salarted employment
your household ?1f yes, 3] Casual labour
list the sources 4] Donations
(tick all that apply) 5] Remittances
6] Sale of farm produce
7] Other specify....... v
PGS questionnare. Version 2.0. Dated 11™ May, 2015 Page 3 of 16
QC1: ttials ... [ L TR T — o

’ (ueona from the Ugasds Natwwal Moo sbald Survey repon for 200892000 Peblished by fhe Ugaada Denes of sanecs (exospel-1)

PG3S questionnare. Version 2.0. Dated 11™ May, 2015 Page 4 of 16
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OFFICIAL -SENSITIVE

19. What is the major matenial of the
floor?

[1] Earth
[2] Earth and cow dung
3] Cement

4] Masaic or tles

6] Other (specify)

OFFICIAL -SENSITIVE

[5] Gas stove/cooker
[6] Paraffin stove

[7] Blectric plate /cooker
[8] Other (specify)

20. What is the main source of
drinking water for your household?

Private connection to pipeline
Public taps

Bore-hole

Protected well/spring

= River, stream, lake, pond
Vendor/Tanker truck

Gravity flow scheme

Rain water

Other (specify)

WO NS W=
—

= —
—

SECTION D: HOUSEHOLD ASSETS?®

Now | would like to ask you about assets owned by your household.

21. What is the type of tollet that is
mainly used in your household?

Covered pit latrine private
Covered pit latrine shared
VIP latrine private

VIP |atrine shared
Uncovered pit latrine
Flush tollet private

Flush tollet shared

Bush

[9] Other (specify)

RGO

22. With how many cther households
do you share this tollet with?

23. Do you have a hand washing
facility at the tollet?

[1] No
[2] Yes with water only
[3] Yes with water and soap

24. What is the main source of
lighting in your dwelling?

25. What type of fuel do you use
most often for cooking?

7]
[8] Other (specify)

Type of assets Asset | Does any How many [...] does
Code | member of your household own

your at t?
household own | Number | Total
[ASSET] at estimated
present? value
1=Yes (in LGX)
2=No
3= Dont know

House 001

Other Bulldings 002

Land 003

Computers/laptops 006

Generators 007

Solar panel/electric inverters 008

Bicyde 009

Motor cyde 010

Motor vehicle 011

Mobile phone 015

Other specfy 017

Other specfy 018

26. What type of cooking technology
do you use in your household?

Traditional stove (Sigir)
Traditional 3-stone open fire

.;Na
!
g
]
5
s

? (uestons e the Ugands Natioaal Hou sebold Survey repont e 30092000 Peblished by $he Lganda Denes of eanmcs

PG3S questionnare. Version 2.0. Dated 11™ May, 2015
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SECTION C: BASELINE MEDICAL HISTORY

l |
A f N
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OFFICIAL -SENSITIVE

11.Repeat HIV test since last visit (If recent
test > 6 months old)

11.1. HIV test Result (O=negative, 1=positive)
(If newly dagnosed positive inform Pl or study
coordinator)

NO O(skip111) vesO

NEGATIVE O poSITIVE O

20. Have you been on calcdlum supplements
since last visit?

If YES,
20.1. Ust preparations

20.2. Dose/number of tablets

NO O (skip to 21) ves O

17. Were you on & family planning method
before this pregnancy?

17.1 IF Y, which method? (tick &l that apply):

17.2. When did you start using this method?

17.3. When did you stop using this method?

NO O (skip to 18) vyesO

[1] P

[2] Depo provera injection
[3] Condoms

[4] Natural method ()
[5] Other spedfy.........

LLLLT T
HENENEEE

21 Have you been on vitamin D supplements
since last visit?

If YES,

21.1.Ust preparations

21.2. Dose/number of tablets

NO O (skipto22) YyesO

22. HMave you been on any multivitamins or &
vitamin-mineral mix since last visit?,

If Yes,

22.1. Ust preparations

22.3. Dose/number of tablets

NO O (skip to 23) ves O

18. Current smoker

18.1. If Yes, how many dgarettes do you
smoke per day?

NO O (skip to 19) ves O

15. Have you ever had a bone fracture?

19.1. If YES, on which part of your body?

19.2. How was It caused?

NO O (skiptoQn.20)  YES O

[1] Hip
[2] Arm-radius (s)
3] Lea (5)

[1] Car, taxi, motorbike or cycle crash
[2] Fall down the stairs

[3] Fall from object - ladder/bax /stool
[4] Standing v

[S] Other, spedify...................

23. HMave you taken other drugs  since your
last visit? (other than ARVS, and those already
mentioned above)
IfY:

23.1. Ust preparations

NO O (skipto24) YESO

23.2. Dose/number of tablets

23.3. Number of months taken

23.4. Why did you take these drugs?

[1] As part of TB treatment
[2] To treat cancer
[3] Totreat low bicod platelets
[4] Hepatitis B

Asthma

[6] Serious skin condition

24. Are you currently sick?
IF Y, list what
24.1. llliness 1.

NO O (skipto25) YesO

PGS questionnake. Version 2.0. Dated 11™ May, 2015

PGS questionnake. Version 2.0. Dated 11 May, 2015
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OFFICIAL -SENSITIVE

CLINICAL CHART REVIEW FORM FOR TRR MOTHERS (MAB-F4-A)
24.2. For current diarrhea/vomiting, note the no. of episodes per day

Mother's PMTCT NO. ..ccoovnunne Mother’s Study NO. ............

25. Do you have any metallic parts in your Date: . Time point.....

Yl
body inserted during operations? No O esO

, 71. Current (most recent) CD4 count and
25.1 If yes, which type of operation?

25.2 Which part of the body?

72. Current (most recent) HIV Viral loads T ee———

[+
73. Bactri PCP i
oo B e i B = ves O
(Cotrimoxazole or Dapsone)
74. Has the participant changed ARV
combination since last vis? NO O (skip to 75) yes O

74.1 If yes, New combination

(If changed regimen Iinform PI)
6B R I TRy
[1] Substitution due to side effects
74.3. Reason for change In ART regimen [2] Switch to second line (failed 1% line)
[3]0ther (spedify)....... e

75. WHO dinical staging

76. Drug Adherence at current wist (Pill
count)
o IRGE | TR L

76.2. Cotrimoxazole/Dapsone

END OF BASELINE SOCIO-ECONOMIC QUESTIONNAIRE

PG3S questionnaie. Version 2.0. Dated 11™ May, 2015 Page 9 of 16 PG3S questionnake. Version 2.0. Dated 11™ May, 2015 Page 10 ef 16
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DIETARY ASSESSMENT QUESTIONNAIRE FOR MOTHERS (MAB-Q3-A)

HENEREEE

Date of interview:

Study visit/Time point

Name of interviewer:

34%, Mas your appetite changed since your last visit?
[0] NO (skip 34.1) [1] YES

34.17 If Yes has it increased or decreased?
[1] Incessed [2] Decreased

35. Are there spedific foods that you currently do not eat/avoid?

[0] NO (skip to Qn. 36 ) [1] YES
35.1. If yes, Please list the foods and reason why
Food Reason for avoidance
35.1.1. Food 1: 35.1.2. Reason 1:
35.2.1. Foed 2: 35.2.2. Reason 2:
35.3.1. Food 3: 35.3.2. Reason 3:

36. Are there spedific foods you are eating which you werent eating before?
[0] NO (skip to 37) [1] YEs

36.1 . If yes, Please st the foods and reason why

Food Reason for Inclusion
36.1.1. Food 1: 36.1.2. Reason 1:
36.2.1. Food 2: 36.2.2. Reason 2:
36.3.1. Food 3: 36.3.2. Reason 3:

! Adagted from the South African MRC Food Frequency Questicnnaire (FFQ) used by Hamil, 2013
PGS questionnare. Version 2.0. Deted 11™ May, 2015 Page 11 of 16

OFFICIAL -SENSITIVE

37%. Are you on special diet/herbal products e.g. that have been prescribed for you by &
doctor, or one that you have adopted from someone e.g. & TV star/magazine/friends?

[0] NO (skip to section B) [1] Yes

37.1% If YES, Where did you get this advice to change your diet (tick all that apply)?
[1] Clinic/Hospital
[2] Friend/Family
[3] Magazine/TV/radio/internet/newspaper
[4] My own dedsion
[5] Other - please write in:

37.2% Describe what kind of diet you are on and list the food/drinks that are included or
exclude from your diet:

[1] food/drinks ADDED to the diet: .

[2] food/drinks EXLUDED from the diet:

e How long have you been on that diet?.......iiiincinenen
(weeks/months/years).

PG3S questionnake. Version 2.0. Dated 11™ May, 2015 Pagei2ef16
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SECTION B: FOOD FREQUENCY QUESTIONNAIRE (Plesse tick in appropriate column)

Q71. I would like to ask you about how you have been eating from the time you discovered that
you are pregnant up to now. [ have & list of sorme foods which [ would like to know whether you
eat them or not and how often you eat these foods

YES =1 Eaten | Eaten every Eaten | Never
Food grouwp Selected local foods NO <D Everyday wees eaten
iy | . fweek
Yoghurt and fresh, dried, tinned
1 M"‘lwm cow, sheep, goat mik (mik from
arvy maemenal}
Butter and
2 Butter, Oheese,
3 f""""'_‘:"“ Blue band
" s'n!alllshunn Mukene, Enkejje
whaole with bones
Large whoie
fish/dried Fresh, dried or fried
5 | fisn/shelifish, Naege/Tilapia, Nile perch
eaten without (emputa) lungfish
Dones
Beet, pork, veal, lamb, goat,
& |w and Poult game meat; Chicken, duck,
e turkey, pigeon, guinea hen,
game birds
B Pt
eaten with bones
2 Grasshoppers and | Gr
termites (nkisyege), white ants (enswa)
Special cooked
9 | ctay fembwa) | B
Simsim, Amaranth seeds,
30| Vit sl nasts sunflower seeds
Cooked & Black beans, pinto beans, white
1 and -y beans, mung beans, cranberry
P (kanyewa); cowpeas
12 Soya and Soya Soya beans, soya flowr, Com
products soya blend
Bvers, dneys, intestines, heart,
13 | Organ meat other crgan meats or blood
based foods
14 | eggs From any bird
Nakati, Ensugia , green dodo,
15 Dark green leafy | cowpeas leaves [egobe), subuma
vegetables * wikd, okra, spinach, pumpiin
leaves, etc
PG36 guestionnaire. Version 2.0, Dated 11" May, 2015 Page 13 of 16
QC1: Inmals . | I—— [ 7 T T T — |
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SUNLIGHT EXPOSURE AND PHYSICAL ACTIVITY QUESTIONNAIRE
(MAB-Q4)

Vitamin D Is important for keeping the bones strong and our sion is able to make it when
expased to the sunight. To help us understand you and your baby's vitamin D status measured
in the bicod sample you have provided, we would ke to ask some questions about your and your
infant's habmual sunight exposure. Please consider times when you and your Infant were out
together, and when your infart may have been outside with another family member or
babysitter. Also think about your dally lives particstarty in the last two weeks.

Date SEQ leted

Study ID: MAB......cccinnn

Name of Study staff completing the SEQ:

A. General sunlight exposure
53. How often were you outdoors during the last two weeks?

53.1 Mother
O Never
O Less than once a week
O 1-2 times & week
O Haf the week
O Every day

54. At what time of the day were you outside during the last 2 weeks?

54.1 Mother

O Morning 07:00 to 10:00

O muiddie of the day 10:00-15:00
O Late afernoon 15:00-17:00
O Evening 17:00-20:00

55. How long did you stay outside during the last 2 weeks?

55.1 Mother

O Less than 30 minutes
O 30 minutes to 1 hour
O 1-2 hours

O More than 2 hours

56. When you were outside during the last two weeks, did you: Please tick
O Try to avold staying in direct sunshine (I.e. seeking shade)
O Stay sometimes in the direct sunshine
O Stay often in direct sunshine

PG3E questionnaire. Version 2.0. Dated 11 May, 2015 Page 14 of 16
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2. Skin-type and Clothing

SB. Please rate the mather's skin colour
58.1 Mother

O Very dark
O Derk
O ught
O very light

59. Do you apply skin lightening agents?
55.1 Mother
O ves
O nNo

61. When outside during the last two weeks, what did you maostly wear:
(Please tick all that apply to make one complete attire commonly wom)

61.1 Mother

Head scarf/Mijab/vell

Long sleeves blouses
Short sleeved blouses
Sleeveless blouses

Long Skirts or trousers
Long Tunics/religious wear
Stockings and/or gloves
Short/Knee height skirts

oopooooono

62. Which parts of your body were normally exposed to sunshine while outsde within the
past 2 weeks (tick all that apply)

62.1.Mother
O ams

O Neck
O vLegs
0O race
O #ead

PGS questionnaine. Version 2.0 Dated 11* May, 2018 Page 15 of 28
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5. Physical activities

Now I would like to ask your routine activities outside and inside the home to understand
how active you have been over the past month. This will help us to better understand your
bone, diet and nutrition outcomes observed in this study.

69. Have you been sick within the past one month?
O Yes
O No (skip to 70)

Sg.bwge you bedridden or unable to do your daily activities during the past one month?
Yes

O No (skip to 70)

69.2 How long were you/have you been bedridden?
O Less than 3 days
O 4- 7 days
0 1-2 weeks
O More than 2 weeks

70. Which of the following activities have you engaged in within the past cne month?

During the last two weeks

Activity
Never Once/

twice per week Every day

Cleaning the house/compound, windows etc

Hane g utensiis and 2 pans

Hand washing clothes

Ironing Clothes

Walidng for at least 30 minutes

Carrying the baby while waliing outdocrs

Gamening/digging/ Pounding food

Camying/ifting heavy things inside or cutside the house

Playing Sports/games Speclfy ...

Thank for this Z ire!

PGS guestionnaine. Version 2.0 Dated 11* May, 2015 Page 15 of 16
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Appendix 7: PP2 questionnaire Pack
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QUESTIONNAIRE PACK FOR PP2 VISIT - COVER PAGE

DATE COMPLETED: 1/ y | (ddmmiyy)

MOTHER'S DETAILLS:

Mother's StadyNo: |

Mother'sD.OB: | J/1 |/ (dd'mm/'yy)

Redemee: e

BABY'S DETAILS:

Baby’s Study Number:

Baby’sD.OB: |_|_|/| J 1 (ddmm'yy)

Sex: O Make O Femalke
Birth Weight |__| . |Kg

Mode of delivery: [0 Nommal O Caesariansection [0 Other (use F010)

NEXT STUDY APPOINTMENT (PP14): Date | |11 J 11

NAME OF INIERVIEWER: .................... ... SIGNATURE.............
P2 questionnaire. Version 2.0, Dated 11" May, 2015 Page 1 of 11
QC1: Intials ... | TmE—— QCE: Intials ... . - mm——
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OFFICIAL -SENSITIVE

FOLLOW-UP SOCIO-DEMOGRAPHIC AND QUESTIONNAIRE (MAB-Q2)

Dateofinterview‘l I I I | I | | |

Study Visit/ Time Point ...t MNome Of FREFVIBIWEF: . meeemrmermmimonmes

SECTION A: ANTHROPOMETRY

Al: MOTHER
Al. Weight . " . . kg
Ad- Height e . . - -
A3. Mid-Upper Arm cm
Circumference _
(MUAC) | -~
A2: BABY
2.1 Weight e = e kg
22 Lﬂw - . . e oo
2.4, Head Qrcumference i T - Cm

3. HMave you changed residence since last vist?
O ves 0O NO (skipQn 3.1)

3.1.IFYES Newresidence.......... oo

PLEASE GIVE THE MOTHER A HOT DRINK AT THIS POINT BEFORE YOU
CONTINUE WITH THE QUESTIONAIRE. THIS WILL MELP IN COLLECTION OF
BREASTMILK SAMPLES

M2 questicnnaire. Version 2.0, Dated 11" May, 2015 Page 2of 11

QC1: Iniais..  P—— L~ J S— Dere
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SECTION C: MOTHER'S CLINICAL /MEDICAL HISTORY

OFFICIAL -SENSITIVE

19. Have you had a New fracture since last visit?
NO O (skiptoQn.20) YESO

19.1. If YES, on which part of your body? 11 Hip
[2] Arm-radius (s)

1] Car, taxi, motorbike or cyde crash
[2] Fall down the stairs

[3] Fall from object - ladder/box fstool
[4] Standing up

[S] Other, specify....... ...

19.2. How was it caused?

20. Have you been on calclum supplements since

s it NO OO (skipto21) eSO

if YES
20.1. Ust preparations

20.2. Dose/number of tablets

23. Have you taken cther drugs since your last
visit? (other than ARVS, and those aiready
mentioned above)

IfFY:

23.1. Ust preparations

NO O (skip to 24) ves O

23.2. Dose/number of tablets

23.3. Number of taken

23.4. Why did you take these drugs? [1] As pert of TB treatment

[2] Yo trest cancer

[3] To treat low bicod platelets
Hepatitis B

[5] Asthma
[6] Serious skin condtion
[7] Otherspecfy.... . ...

21 Have you been on vitamin D supplements since
last visit?

If YES,

21.1.Ust preparations,

NO O (skip to 22) ves O

21.2. Dose/number of tablets

24. Have you had a majpor lliness since last visit

IF Y, Nist what & dates

24.1. llliness 1.

24.1.1 Dates:

24.2. llliness 2:

24.2.1. Dates:

24.3. For current diarrhoea/vomiting, note the no.

NO O (skip to 25) ves O

22. HMave you been on any multivitamins or a
vitarnin-mineral mix since last visit?

IfFY

22.1. Ust preparations

NO O (skip to 23) ves O

22.3. Dose/number of tablets

SECTION D: CHILD'S CLINICAL/ MEDICAL HISTORY

25. Immunization record up-to-date  (check
immunization card) - If Not up to date refer for
immunization on the study visit day

Nno O ves O

26.Attaining developmental milestones (check No O yES O

P2 questionnaire. Version 2.0. Dated 11™ May, 2015 Page 3of 12

M2 questionnaire. Version 2.0. Dated 11™ May, 2015 Page s of 23
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OFFICIAL -SENSITIVE
CLINICAL CHART REVIEW FORM FOR TRR MOTHERS (MAB-F4-A)

immunization card/observe)

27.Has your baby been on multivitamins or a
vitamin-mineral mix since the last vist?

IFY
27.1. st preparations

27.2 Dose/number of tablets

NO O (skip to 28) ves O

PMTCT NO. cccvnvirnnn Mother’s Study NO. ...ccocinnne

Date: ...ce./eeeeefcersranes

R TN T L R —

28. Mas your baby taken other drugs since your
last visit? (other than ARVS, and multivites)

IFY:

28.1. Lst preparations

28.2. Dose/number of tablets

28.3. Number of months taken

28.4. Why did your baby take these drugs?

NO O (skip to 29) ves O

[1] ARV propylaxis

[2] Confirmed MIV positive
(3]s

[4] Malaria

[5] Other specify.........—oveeeeee

71. Current (most recent) CD4 count and
date

72. Current (most recent) MIV Viral loads

r o M Bactrim (PCP) prophylaxis
(Cotrimaxazole or Dapsone)

no O vyes O

29.Did your baby have a major lliness since last
visit?

IF Y, list what & dates
29.1. INiness 1.

29.1.1 Dates:

29.2. lNiness 2:

24.5.1. Dates:

NO O (skip to 30) ves O

74. Has the participant changed ARV
combination since last visit?

74.1 If yes, New combination

(If changed regimen inform P1)

74.3. Reason for change in ART regimen

NO O (skip to 75) ves O

[1] Substitution due to side effects
[2] Switch to second line (Falled 1= line)
[3]0ther (specify).... oo

75. WHO dinical staging

76. Drug Adherence at current wisit (Pill
count)
76.1. ART e

76.2. Cotrimaxazole/Dapsone

M2 questionnaire. Version 2.0. Dated 11™ May, 2015

Other diagnoses and/or drugs of relevance to the study (Use General Notes form

(F010)

PP2 questionnaire. Version 2.0. Dated 11™ May, 2015

QC1: Ininais..

Pagedof 22
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CLINICAL CHART REVIEW FORM FOR EXPOSED INFANTS (MAB-F4-B)

Infant’s EID NO. ..o Infant’s Study NO. .vviinee

[ " Yy S — Time Point.. . emminn

OFFICIAL -SENSITIVE

SECTION B: FOOD FREQUENCY QUESTIONNAIRE FOR MOTHERS (Plesse tick in
appropriate colurmn)

Q71. I would like to ask you about the foods and drinks that you have been eating in the past
TWO weeks since you delivered. [ have a list of some foods which I would like to know whether
you eat them or not and how often you eat these foods

77. Most recent MIV  result (DBS/serclogy according  testing

algorithm) vyO NO

o010

Result (O=negative, 1=pasitive)

78. On ARV prophylaxis (NVP syrup) vO NO

If yes, Start only.
If yes Adherence.

yO ~NO

80. Baby on HAART
1f yes,
Date of Initiation. ... —eueeee

vyO nO

Other dagnoses and/or drugs of relevance to the study (Use general notes form (FO10)

Data extracted from file by: Data Entered by:

NBME.....c e reeeess s emsssssmssens DRI - cvivvsrmsimormmmmironiosimra iy
Date Date

Time Time

PP2 questionnake. Version 2.0. Dated 11" May, 2015 Page 7 of 11
[T B —— Date o QC2: e o [

Eaten Eaten Eaten Never
YES <1 | Everyday every |occasionally | eaten
Food group Selected local foods NOs0O day
o Wk
Yoghurt and fresh, dried, tinned
y |MikandMIk o, sheep, goat milk [mik from
arvy mamenal)
Butter and
2 Butter, Cheese,
Margarine from
3 Vegetatie O Blue band
o [Smat fish eaten [ Mukene, Enkeije
whole with bones
Large whole
s :Mﬁ Fresh, dried or fried Ngege/Tilapia,
" Nile perch (empeta) hungfish
Dones
Beef, pork, veal, lamb, goat, game
& | Meats and Poultry | meat; Chicken, duck, turkey,
piaeocn, guinea hen, game birds
Soft bones of chicken, beef or deep
7 v y V| tried fish etc.
eaten with bones
s s and sh termites
termites (nkuyege), white ants (enswa)
Special cooked
L] clay (emubwal Emubwa
10 | Nests ant Simsim, Amaranth seeds, sunflower
Black beans, pinto beans, white
1 dry beans beans, mung beans, canberry
and peas o]
12 Soya and Soya Soya beans, soya flour, Com soya
|| eroducts biend
Bvers, Kidneys, intestines, heart,
13 | Organ meat other crgan meats or biood based
foods
14 | Fags From any bird
Nakati, Ensugia , green dodo,
1= Dark green leafy | cowpeas leaves [egobe), sukuma
vegetabies * wiki, okra, spinach, pumpkin
leaves, etc
P2 questionnaire. Version 2.0. Dated 11™ May, 2015 Page g ol 11
QC1: nmsals. ... Lo — QC: wvals. . ey
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BREASTFEEDING QUESTIONNAIRE (MAB-Q3-B)
[To be completed at 2 weeks postpartum on study visit PP2)

38. After you delivered, how long did you take before initiate breastfeeding for this
baby?

[1] Immedistely after birth

[2] Within first 1 hour

[3] After one hour but within 1 day

[4] After 1 day

[5] Decided nct to breastfeed

39. How many deys after delivery did you get full breasts (did your breast milk ‘come”)

40. Did you express out the first thick yellowish breast milk (colostrum) before you
started breastfeeding?

[0] NO (skip 40.1) [1] Yes

40.1. Did you give the expressed thick yellowish breast milk (colastrum) to your baby?
[0] NO [1] Yes

41. Have you or anyone else given other feeds (not breast milk) to your baby since
birth?
[0] NO (skip to 42) [1] YEsS

41.1. If yes, what was your baby given?
[1] Plain water
[2] Glucose water
[3] Cow's milk
[4] Infant formula
[5) Local herbs

41.2. Reason for giving other feeds
[1] Breast milk delayed
[2] Breast milk not enough
[3] It is a tradition/custom
[4] Mother sick
[5] Other specify.......overeee

P2 questionnaire. Version 2.0, Dated 11" May, 2015 Pagedof 11
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Now am going to ask you about how you fed your baby yesterday.

42. Did you breastfeed your baby or was your baby fed breast milk yesterday?
[0] NO [1] YES (skip 42.1)

42.1. Why didnt you breastfeed your baby yesterday?
[1] Stopped breastfeeding (skip to 46)
[2] Baby sick
[3] Mother was away
[4] Mother has breast problems, specify

43. Do you have any problems breastfeeding your baby?
[1] No
[2] Breasts painful (cracked nipples, engorgement)
[2] Breast infection in one breast (Request to observe)
[3] Do nat have enough breast milk

44, How many times did you breastfeed your baby yesterday (day and night)?
[1] 1-2 times
[2] 3-4 times
[3] 5-6 times
[4] 7-8 times
[5] More than B times/on dermand

45. Did your baby breastfeed normally, more or less yesterday?
[1] Normally (Skip to 46)
[2] More than usual (Go to 45.1)
[3] Less than usual (Go to 45.2)

45.1. What is the main reason why your baby breastfed more yesterday
[1] Offered breast more times/ was at home
[2] Recovering from lliness
[3] More hungry
[4] Stayed at home with the baby

45.2. What is the main reason why your baby breastfed less yesterday?
[1] Mother was busy

[2] Baby was sick, specfy lliness.
M2 questionnaire. Version 2.0, Dated 11™ May, 2015 Page 10 of 21
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[3] Mother was sick, specify iliness.
[4] Mother was away

[4) Baby refused to breastfeed
e g

46. Have you Introduced your baby to food/drinks cther than breast milk (induding
plain water, gripe water)?
[0] NO (end infant diet assessment here) [1] YES

47. If yes, when did you introduce these foods? ... ..o [

48. Please list for me the food and drinks that your baby consumed yesterday starting
In the morning and throughout the night (24 hours)

Breakfast Snack Lunch Snack Supper Snack

53. Please ask the mother to put the baby on the breast and you observe the following:
53.1. Positioning of baby at breast [1] Good [2] Poor (suppert the mother)
53.1. Attachment of the baby to the breast [1] Good [2) Poor (supgert the mother)
NB

1. Please collect breast milk samples at this point into Sml Z/5 tubes (Sml per
breast) and complete section B of form f00S

2. Escort mother-infant pair for DXA

P2 questionnaire. Version 2.0. Dated 11™ May, 2015 Page 11 of 11

QC1: Initais.
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QUESTIONNAIRE PACK FOR PP14 VISIT - COVER PAGE

DATE COMPLETED: / (dd'mmyy)

MOTHER’S DETALLS:

Mother's Study No:

Mother's D.OB: | /1 / | (dd'mmiyy)

Baby’s Study Number: |

Baby'sD.OB: | I / | (ddmmiyy)

Sex: O Make O Female

NEXT STUDY APPOINTMENT (PP26): Date __|__ /]| J

NAMEOFINTERVIEWER: ... SIGNATURE
P14 questionnaire. Version 2.0. Dated 11™ May, 2015 Page 1 of 15
QC1: Initiais. . Date .. QC2: vals Date

OFFICIAL -SENSITIVE

FOLLOW-UP SOCIO-DEMOGRAPHIC AND QUESTIONNAIRE (MAB-Q2)

Dateofinterview:l I I I I | I I I

Study Visit/ Time Point ................. Name of interviewer: .........rcarces

SECTION A: ANTHROPOMETRY

Al: MOTHER

Al. Weight - . . [ k9
A2. Height s s i | [P e
A3. Mid-Upper Arm T
Circumference .
(MOAG) | = -
A2: BABY
2aweght| [ ] L. |%e
2200000 | | e [ o] [™
24.Head Circumference | | | .| [ cm

3. Have you changed residence since last vist?
O ves DO NO (skipQn3.1)

3.1. If YES New residence.. ... ooeeeeece

P14 questionnaire. Version 2.0. Dated 11™ May, 2015 Page 2 of 15

QC1: Initsis.... Date . - QC2: Initais ... . Date
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OFFICIAL -SENSITIVE

SECTION C: MOTHER'S CLINICAL/MEDICAL HISTORY

OFFICIAL -SENSITIVE

11.Repeat HIV test since last visit (If recent test > NO O (skip 11.1) YES O
6 months old)
NEGATIVE O POSITIVE O
11.1. HIV test Result (O=negative, 1=positive)

(If newly diagnosed positive inform Pl or study
coordinator)

18. Current smoker NO O (skipto 19) YES O

18.1. If Yes, how many cigarettes do you smoke

13. Pregnancy test done at current visit (to be
done at all postpartum visits except &t 2 weeks)

NODC (skip13.1) YESO

13.1. Pregnancy test Result (O=negative, NEGATIVED POSITIVE O
1=positive)

(If positive inform Pl - exclude from DXA
measurements)

19. Have had a New fracture since last visit?
e NO O (skiptoQn.20) YESO

19.1. If YES, on which part of your body? 1] Hip
[2] Arm-radius (s)
[3] Leq (5)

[1] Car, taxi, motorbike or cyde crash
[2] Fall down the stairs

[3] Fall from object - ladder/box /stool
[4] Standing up

[5) Other, specify.....oeceeeas

19.2. How was it caused?

15. Have you resumed your menses/periods? NO O (skip 15.1) YES O

LI

(dd/mm/yyyy)

15.1. If YES, when?

20. HMave you been on calcium supplements since
NO O (skip to 21) Yes O
last visit?

If YES

20.1. List prepa: =

20.2. Dose/number of tablets.

17. Have you started using a family planning
method since your last visit?

NO O (skip to 18) YES O

21 Have you been on vitamin D supplements since
last visit?

If YES,

21.1.Ust preparations.

No O (skipto22) YESO

21.2. Dose/number of tablets.

22. Mave you been on any multivitamins or a

NO O (skip to 23) Yes O
vitamin-mineral mix since last visit?

[1] Pllls, SpECHfY ..o
[2] Depo provera injection
17.1 If Y, which method? (tick all that apply): 31 Condoms
[4] Natural method (s)
[S] Other specify...........
17.2. When did you start using this method? | [ | I I I | I I
(dd/mm/yyyy)
P14 questicnnaire. Version 2.0. Dated 11™ May, 2015 Page 3 of 15
QC1: Iniviais . | o R DU s et

IFy

22.1. List prep: “,

P14 questicnnaire. Version 2.0. Dated 11% May, 2015 Page 4 of 15
QC1: Initals.. ..
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OFFICIAL -SENSITIVE

22.3. Dose/number of tablets

OFFICIAL -SENSITIVE

SECTION D: CHILD'S CLINICAL/ MEDICAL HISTORY

23. Have you taken other drugs since your last
visit? (cther than ARVs, and those already
mentioned above)

IFY:

23.1. List preparations,

23.2. Dose/number of tablets

23.3. Number of months taken

23.4. Why did you take these drugs?

NO O (skip to 24) Yes O

[1] As part of TB treatment
[2] To treat cancer

[3] To treat low blood platelets
[4) Hepatitic B

[5] Asthma

[6] Serious skin condition

[7] Other specify....

25. Immunization record up-to-date  (check
immunization card) - If Not up to date refer for
immunization on the study visit day

no O yes O

26. A g develop | milestones (check
Iimmunization card/observe)

noO vesO

27.Has your baby been on multivitamins or a
vitamin-mineral mix since the last visit?

Iy
27.1. Ust preparations,

27.2 Deose/number of tablets

NO O (skip to 28) yes O

24, Have you had a major iliness since last vist
IFY, list what & dates

24.1. llliness 1.

24.1.1 Dates:

24.2. llliness 2:

24.2.1.Dages:

24.3. For current diarrhoea/vomiting, note the no.
of episodes per day ..........

NO O (skip to 25) Yes O

2B. Mas your baby taken other drugs since your
last visit? (other than NVP, and multivites)

IfFY:

28.1. Ust preparations and dose

28.4. Why did your baby take these drugs?

NO O (skip to 29) Yes O

[1] ARV propylexis

[2] Confirmed HIV pasttive
(378

[4] Mataria

[5] Other specify. ——..——.........

P14 questicnnaire. Version 2.0. Dated 11™ May, 2015

29.Did your baby have a major iliness since last
visit?

IF Y, st what & dates
20.1. INiness 1.

29.1.1 Dates:
lliness 2:

NO O (skipto30) YES O

P14 questicnnaire. Version 2.0. Dated 11* May, 2015
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CLINICAL CHART REVIEW FORM FOR TRR MOTHERS (MAB-F4-A)

PMTCT NO. cccvvnnnnnnn Mother’'s Study NO. ....ccvuue

[T DU S TIME POINL.rrrrnnerncerrrssssmssnees

v
oA f snay | Piace FID Label Herw |

o — A

OFFICIAL -SENSITIVE
CLINICAL CHART REVIEW FORM FOR EXPOSED INFANTS (MAB-F4-B)

Infant’s EID NO. . Infant’s Study NO. .iiiinne

[y S — Time point. i

71. Current (most recent) CD4 count and
date

72. Current (most recent) HIV Viral loads

Date: . .
73. Bactri PCP,
o M e ™ = ves O
(Cotrimoxazole or Dapsone)
74. Has the perticdpant changed ARV
combination since |ast visit? NO O (skip to 75) yes O

74.1 If yes, New combination

(If changed regimen inform PI)

o W L S — [1] Substitution due to side effects
74.3. Reason for change in ART regimen [2] Switch to second line (failed 1% line)

[3]Other (specify)....

77. Most recent MIV result (DBS/serclogy according testing algorithm) VO O
Result (O=negative, 1=positive) o010
78. On ARV prophylaxis (NVP syrup)
¢ y yaO ~nO

75. Baby on PCP (Cotrimaxazole) prophylaxes vO w0
Adherence at current visit .
80. Bal )

by on HAAR VO xO
If yes,
Date of initiation............—cveeeeenne

75. WHO dinical staging

76. Drug Adherence at current visit (Pl
count)
D BT e

76.2. Cotrimoxazole/Dapsone

Other diagnoses and/or drugs of relevance to the study (Use General Notes form
(FO10)

P14 questicnnaire. Version 2.0. Dated 11™ May, 2015 Page 7 of 15

Other diagnoses and/or drugs of relevance to the study (Use general notes form (FO10)

P14 questionnaire. Viersion 2.0. Dated 11" May, 2015 Page 8 of 15
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OFFICIAL -SENSITIVE

SECTION B: FOOD FREQUENCY QUESTIONNAIRE FOR MOTHERS (Mease tick in
appropriate colurnn)

Q71. I would like to ask you about the foods and drinks that you have been eating in the past
TWO weeks since you delivered. | have a list of some foods which [ would like to know whether
you eat them or not and how often you eat these foods

OFFICIAL -SENSITIVE

34", Mas your appetite changed since your last visit?
[0] NO (skip 34.1) [1] YES

34.1° If Yes has It incressed or decreased?
[1] Increased [2] Decreased

35. Are there spedfic foods that you currently do not eat/avoid?

[0] NO (skip to Qn. 36) [1] YES
35.1. If yes, Please kst the foods and reason why
Food Reason for avoldance
35.1.1. Food 1: 35.1.2. Reason 1:
35.2.1. Food 2: 35.2.2. Reason 2:
35.3.1. Food 3: 35.3.2. Reason 3:

36. Are there spedfic foods you are eating which you werent eating before?
[0] NO (skip to 37) [1] YES

36.1. If yes, Please kst the foods and reason why

Food Reason for Indusion
36.1.1. Food 1: 36.1.2. Reason 1:
36.2.1. Food 2: 36.2.2. Reason 2:
36.3.1. Food 3: 36.3.2. Reason 3:

Eaten Eaten Eaten Never
YES«1 | Everyday every |occcasionally | eaten
e ol NOsO — week
-
Yoghurt and fresh, dried, tinned
1 ::;::;hﬂ cow, sheep, goat mik (mik from
ary marmemal )
Butter and 8 o
2 Cheese -
Margarine from
3 | vegetatie o1 s hond
2 Smal fish eaten | Mukene, Enkejje
whole with bones
Large whoie
s ::vv“’.md. Fresn, dried or fried Ngege/Tiapia,
eaten without Nile perch (emputa) lungfish
Dones
Beet, pork, veal, lamb, goat, game
& | Meats and Poultry | meat; Ohicken, duck, turkey,
pigecn, guinea hen, game birds
; Fish/Meat/Poultry mmmum,mrmm
eaten with bones
s Grassh sand | Gr I
termites (nhuyege), white ants (enswa)
Special cooked
’ clay (emubwa) -
10 | Nusts andt seeds 9:;"‘"’“"""“‘“"“""""
Cooked b Black beans, pinto beans, white
1 A - beans, mung beans, cranberry
— [anyewa); cowpeas
2 Soya and Soya Soya bears, soya flour, Com soya
products biend
Fvers, Kidneys, imestines, heart,
13 | Qrgan meat other cegan meats or blood based
foods
14 | Fgas From aevy bird
Nakati, Ensugga , green dodo,
1= Dark green leaty | cowpeas leaves [egobe), subuma
vegetables ¢ wiki, okra, spinach, pumpkin
leaves, etc
914 gquestionnaire. Version 2.0. Dated 11" May, 2015 Page 9 of 15
QCl: Inmials .. [+ — QC2: Inivdis . L

37, Are you on spedal diet/herbal products e.g. that have been prescribed for you by &
doctor, or one that you have adopted from someone e.g. a TV star/magazine/friends?

[0] NO (skip to section B) [1] YES

37.1% If YES, Where did you get this advice to change your diet (tick all that apply)?
[1] CQinic/Haspial
[2] Friend/Family
[3] Magazine/TV/radio/internet/newspaper
[4] My own decision
[5] Other - please write in:
37.3° How long have you been on that diet? ............cooeevcaceiann (Months)

| Adapted from the South African MRC Food Freguency Questionnaire (FFQ) used by Ramil, 2013

PP1s questicnnaire. Version 2.0. Dated 11™ May, 2015 Page 10 of 15

QC1: Initais. .. — Date .
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DIETARY INTAKE QUESTIONNAIRE FOR CHILD (MAB-Q3-B)
Now am going to ask you about how you have been feeding your baby since last visit

42. Did you breastfeed your baby or was your baby fed breast milk every day since the
last visit?
[0] NO [1] YES (skip 42.1)

42.1. Why didn't you breastfeed your baby?
[1] Stopped breastfeeding (skip to 46) (Urgently inform PI)
[2] Baby sick
[3] Mather was away
[4] Mather has breast prob , Specify.

43. Do you have any problems breastfeeding your baby?
[1]) No
[2] Breasts painful (cracked nipples, engorgement)
[2] Breast infection in one breast (Request to observe)
[3] Do not have enough breast milk

44, How many times did you breastfeed your baby yesterday (day and night)?
[1]) 1-2 times
[2] 3-4 times
[3] 5-6 times
[4] 7-8 times
[5] More than 8 times/on demand
[6] Stopped breastfeeding (Urgently inform PI)

45. Did your baby breastfeed normally, more or less yesterday?
[1] Normally (Skip to 46)
[2] More than usual (Go to 45.1)
[3] Less than usual (Go to 45.2)

45.1. What is the main reason why your baby breastfed more yesterday
[1] Offered breast more times/ was at home
[2] Recovering from lliness
[3] More hungry
[4] Stayed at home with the baby

P14 questionnaire. Version 2.0. Dated 11™ May, 215 Page 11 of 15

OFFICIAL -SENSITIVE

45.2. What is the main reason why your baby breastfed less yesterday?
[1] Mather was busy
[2] Baby was sick, specify liness
[3] Mother was sick, specify lliness..........ooeeeeee.
[4] Mather was away
[4) Baby refused to bresstfeed
[S)Other specify.

46. Have you introduced your baby to food/drinks other than breast milk (Including
plain water, gripe water)?
[0] NO (end infant diet assessment here) [1] YES

47. If yes, when did you Introduce these foods? ..o, DD/MM/YYYYY

48. Please list for me the food and drinks that your baby consumed yesterday starting
in the morning and throughout the night (24 hours)

Breakf: Snack Lunch Snack Supper Snack

1. Please collect breast milk samples at this point into Sml Z/5 tubes (Sml per
breast) and complete section of form f00S

P14 questionnaire. Version 2.0. Dated 11™ May, 215 Page 12 of 15
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SUNSHINE EXPOSURE AND PHYSICAL ACTIVITY QUESTIONNAIRE
(MAB-Q4)

To help us understand you and your baby’s vitamin D status measured in the blood sample you
have provided, we would lke to ask some guestions about your and your Infant's habtual

g Please tmes when you and your infant were cut together, and when
your infant may have been ide with family or babysitter. Also think about
your daily lives particularty In the st two weeks.

A. General sunlight exposure
53. How often were you and your Infant cutdoors during the |ast two weeks?

53.1 Mother 53.2 Infant
O Never O Never
O Less than once a week O Less than once & week
O 1-2 times & week 0 1-2 times a week
O Ha¥f the week O Half the week
O Every day O Every day

54. At what time of the day were you and your infant usually cutside during the last 2
weeks?

54.1 Mother 54.2 Infant
O Morning 07:00 to 10:00 O Morning 07:00 to 10:00

O middle of the day 10:00-15:00 O Middle of the day 10:00-15:00
O Late afternoon 15:00-17:00 O Late afterncon 15:00-17:00
O Evening 17:00-20:00 O Evening 17:00-20:00

55. How long did you and/or your baby usually stay outside during the last 2 weeks?

55.1 Mother 55.2 Infant

O Less than 30 minutes O Less than 30 minutes
O 30 minutes to 1 hour O 30 minutes to 1 hour
O 1-2 hours O 1-2 hours

O More than 2 hours O More than 2 hours

56. mmmnwmnmmummadm Pease tick
O Try to avold staying in direct sunshine (i.e.
O Stay sometimes in the direct sunshine
O Stay often in direct sunshine

57. When outside in the last two weeks, was your infant: Please ¢
O Kept in the shade
O Sometimes in the direct sunshine
O Often in the direct sunshine

P14 questionnaire. Version 2.0. Dated 11™ May, 215 Page 13 of 15

OFFICIAL -SENSITIVE
2. Skin-type and Clothing
5B8. Please rate the mother and Infant’s skin colour

58.1 Mother 58.2 Infant
O very dark O Very Dark
O perk O Dark
O ught O ught
O very ight O Very Light
59. Do you apply skin lightening agents?
51.2 Infant
59.1 Mother O Yes
O Yes O No
O No

60. Do you or your infant use sunscreen/sunblock or creams with sunscreen?

60.2. Infant
60.1. Mother
O Yes (If yes, SPF......... ) g ;:’("'”'S" """"""" )
O nNe O Ui
O Unknown Unimovm

61. When cutside during the last two weeks, what did you mostly wear:
(Please tick all that apply to make one complete attire commonly wom)

61.1 Mother
O Head scarf/Mijaby/vel 61.2. Infant
O Long sleeves blouses O wrapped in shawl
O Short sleeved blouses O Vest and shorts
O Sleeveless bicuses O Long sleeves and trousers
O Long Skirts or trousers O Short deeved dresses
O Long Tunics/religious wear O Socks and/or gloves
O Stockings and/or gloves O Hat
O Short/Knee height skirts

62. Which parts of your body or your baby were normally exposed to sunshine while
outside within the past 2 weeks (tick all that apply)

62.1. Mother 62.2. Infant
O Arms O ams
O Neck O Neck
O Legs O Legs
O face O Face
O Head O Head
P14 questionnaire. Version 2.0. Dated 11™ May, 215 Page 14 of 15
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OFFICIAL -SENSITIVE

63. When outside, i your Infant kept shaded/covered from the direct sunshine (e.g.
using an umbrella, baby shawl etc.)?

O Yes

O No

5. Physical activities (This section applies only to the mother)

Now [ would like to ask your routine activities outside and inside the home to
understand how active you have been over the past month. This will help us to better
understand your bone, diet and nutrition cutcomes observed In this study.

69. Have you been sick within the past one month?
Yes

O No (skip to 70)

69.1. Were you bedridden or unable to do your dally activities during the past one
month?
O Yes

O No (skip to 70)

69.2 How long were you/have you been bedridden?
O Less than 3 days
O 47 days
O 1-2 weeks
O More than 2 weeks

70. Which of the following activities have you engaged in within the past one month?

During the last two weeks

ity Oncey Every

Ve twice per week day

Cleaning the house/compound, windows etc.

Hand washing utensils and scrubbing pans

Hand washing clothes

Ironing Clothes

Walking for at least 30 minutes

Carrying the baby while walking outdoors

Garcening/digging/ Pouncng food

Carmying/Iifting heavy things INsioe or outside the
house

Playing Sports/games Specify ..

Thank for leting this i ire!

P14 questionnaire. Version 2.0. Dated 11™ May, 2015 Page 15 of 15
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Appendix 9: Two-hour fasted blood and urine collection form

TWO-HOUR FASTED BLOOD & URINE COLLECTION / URINALYSIS FORM - FOO6  guvma f sy

“

e T 1 1T =1 sswermen [ [T [T
Date | __|__ /| 10/ | (ddimmjiyyyy) StudyVish D:m

SECTION A: Urine collection

1.1 Is participant overnight fasted (atleast8 hours)? [0 YES [0 NO® fronslt with sy/study nurse]

1.2. Time start urine collection: ||l ||| (use 24 hour clock)

1.3 Time end of urine collection: | __|__|:|___|___|{use 24 howr clock)

1.4. Volume of water drunk: T -

1.5 Time of urine collection: ~ Bucket 1: |___|___|:|__|__|(use 24 hour clock)
Bucket 2: | __|___|:1___|__|(use 24 hour clock)

1.6 Complete 2-hour fasted urine sample collected [0 YES [0 NO® fgive masen befow and inform 1]

1.6b * Reason

1.7. Urine collection done by ([Name, sign date):

SECTION B: Blood collection:

2.1. Has 3 20ml Blood sample been collected? 00 YES [0 NO* fobve reason Befow and inform Py

2.1b. * Reason
2.2. Tirme of blood collection: | __|__1:|_|__| fis this thour after ‘time start urine collection’?]
2.3, Blood Volumes drawn: SST/PST (4ml) | _|.|_| m
LH 12md (2x6md) | __[1_|-| | mi
EDTA(14ml) | _ || _| mis
2.4. Phieb (Name, sig date):
T Fasted BAU collecton form. version 1.2 Dated 01% Sept, 2015 Page 1002
QCl: Itk (ST — QC: Mutals ... [T

TWO-HOUR FASTED BLOOD & URINE COLLECTION / URINALYSIS FORM - FO06  guvma (

SECTION C: Urinalysis and HCG (Please use this section to repovt urinalysis and HCG resuilts for participant)

Urinalysis Test used: O Urinary dipstick O Urine Microscopy
Results:

Colour: Proteins: Pus celis: Jopf
Clarity: Glucose: RBCs: Jhpt
Sp. Grawity: Ketones: Epith: Jhpt
PH: Urabil: Casts: Jhpt

L ; Crystaks: Srof
Nitrites: Erythrocytes: Yeasts: Jnpt

Orgnl: Jhpt
HCG Results: T NEGATIVE O posimvVE

TestedBy: |_|_|  Oate: | _|_|-l_I_l-l_1_1_I_1  Tme:|_|_|_|_| hrs[24hr clock)

Reviewed By: | _|__|  Date: |_|_|-|__|_IFl_I_l_I_| Time:|_|_|_|_| hrs{24hr clock)

SECTION D: Laboratory Notes

Please note here additional information that might be relevant to use of stored samples (e.g observed

br in pi g and any from the SOP etc.) and
interpretation of urinalysis results
Name of Y & Date:

SECTION E: Quality Control Check (7o be completad by &6 supenisor, GC/GA or gesignated Bboratory staf)

Laboratory personnel Print name Date Time
sgnature
2 Fasted 88U collection form. Version 1.2. Dated 01% Sepe, 2015 Page 20f 2
QCi: Intals.. . [ — [ /5 S T — P —
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Appendix 10: Breastmilk collection form

( \
G A f sTey
BREAST MILK COLLECTION FORM — GUMBA FOO7
Study Number: p Birth - -
=TT1T1 A sl L NN, e
Date |__|__I/1__I_I/] | (ddfmenyyyyl Study Visht I:EEI:]
LEFT BREAST RIGHT BREAST

Breast milk sample collected
[°1f Mo, Inform PYstady murse] O ves Onwnoe | O ves O nNo*
Time of previous feed

Ll Pl L L]
Volume of breast milk collected (1xSmi per breast)
[colect ot least 4.0m/ from eoch breast] |l mi Il __Im
Time sample collected:

NN N U J I [ RSO S R J |
* Reason
Urine collected by ((Name, signature, date):
Tracer water dosing/breast mik colection form
version Dated 04 Jan 2016 Pageiof
QCi: Intials. . Date . QC2: Inmials ... Date
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Appendix 11: Laboratory sample processing and sample storage forms

G BA f STeY GUNBA f sTeY
LABORATORY REQUEST AND STORAGE FORM (MOTHER) - F004 | - ~— LABORATORY REQUEST AND STORAGE FORM (MOTHER) - F004 ] —T—
Ulhe-ml (Lt . o
T | [oogg—— | [somolemo:—— | e e
| 5 L
Shudy a = jm a Oo|O0O|O [T — [~
Vit PGI6 PP2 PPID PPLA | PP2S | PPS2 | NPNL O Beeast snilk (Right) o
B B
ojojojojojaoj|o cjaoj|o
Doterham 1|2 |3| 4| |uafo |2]2]|3]«
Urine Day Section B: Sample processing and cforage (Tobe By stucy stam
Seotion A Speoimenc and Tect Type (Tiok all that apply for the ctudy vickt ac per the protoood): = F— Tray box Posiiion Al
ctored number 1D number
Specimen typeand | Collocted By Delivery By | Recsived By Processed By Stored By [TH pasma alquot# 1_-1.5m
vdumes LH plasma alquot#2 - 1.5mi
LH plasma alquot#3 - 1.5mi
LH piasma alquot#4 - 1.5mi
27X Date . S o1 S— [+ . Datee. ..
O LH Tube (2X6sl) - - a - Serum AQUOtE 1 - 1.0m
OSSTTbe (1Xdal) | e S | S —— Serum alquot#2 - 1.0m
CEDTA tsbe 1X4ul) | B d EDTAplasmaaiquat#1 - 1.0ml
[ [T — EDTA piasma alquat #1 - 1.0mi
O Urmne 2 hoer fasted RBC concentrates # 1 - 1.0mi
TR s | TS e Time: Tive | TESSHESEN.
8y By By By By RBC concentrates #2 - 1.0mi
Date..... |Dote | Datee . |Date [T Aciofed uine # 1 (5.0mi)
I Dy 0 DTTM urine Aciofied uine #2 - 5.0ml
:“‘ - ‘;"" ——— :‘:"‘ :“‘ :'""‘- e Non Aciaied urine # 1 - 5.0m
[ | — [T — [ — (T — Non Acidified urine #2 -5.0ml
O Day | DTTM arine Total volume 2-hour Urine (mi)
| T — g U SN (T SNS—— o — - Time. -
N 2y N By N Breast mik (Le®)#1 - 5.0ml
Date .. Date . | Dabe . ... Dase . . Date.oe. Breast mik (RIght) #1 - 5.0mi
OD&2DTT™Murme | I S T S Deutenum urine (Day 0)# 1 - 5.0mi
By 3y By By e 3y Deuterium urine (Day 1)# 1 - 5.0mi
[V | Y— [T [T — [T Dewserium urine (Day 2) # 1 - 5.0mi
O Day 3 DTTM urine Deuterium urine (Day 3) # 1 - 5.0mi
;h‘m‘m :"""‘"- ;:"L""'H“"' :"m‘""":_ ;m'"‘"'"" Deuterium urne (Day 4) #1 - 5.0ml
T e e | B [T R Dewterum urine (Day 13) #1 - S.0ml
O Duy 4 DTTM™ urine Deuterum urine (Day 12) #1 - 5.0ml
T | Timee | Time. .. Te e Time.
By By By By — |®
Date . |Date | Date Date: Date. Seotion C: Quality Control Cheok (To be oy ao » QC04 or s
Ol Dw 13 DTTM wine M issivs | TR s | T s | I I i Ladoratory personne’ signature Print name Date Time
= Sy
| S [ S——
O Day 18 DTTM urine
| — Tima. ) | T—
By By B
Oeted 0 Sepe 2015 QCi: ittals ... Dot .. QCI Inmgls. .. .. ... Oets.
Dated 0 Sege 2015 QCI: Mitlabs oo DO o QY I O
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2

LABORATORY REQUEST AND STORAGE FORM (BABY) - F005 v’ - |
| StudyNor ... | [ T—— [ sampemo:. |
‘ -
o o
PP2 PPID
gjojo|o ocjojocjgojgojo a
0 1|2 3 13 (4|0 1123|413
Seotion A- 3pecimenc and Tect Type (Tiok all that apply for the ctudy viclt ac per the protoocl):
Specimen type and Collected By Delivery By | Received By Processed By Stoeed By
volames
- Date. Date. [ — —S— Date.
Serum Tube
[ 1ami) Tiene: Time Tiee. Time
By By bl -
[ —— Date.ee . [ — —— [\ — T —
[0 Day 0 0TT™™ urine
| LSmi) Tiene: Time: Tiese: Time: | T——
Ll | L N — — By By
O Davt s [~ | T T — A [~
y 1 OTT™ urine
(1Sml) Tiewe: Time Tirwe: Time: Time:
By By B By By
O Day2 [ I—— NEE | T —— [~ T—— [ — T —— Dats.........
y 2 OTT™ urine
(1Smi) Tiene: Time T Time. Time
By By By By By
O Day3 » ] — Date . | Date— [T — [T T T—
OTT™ urine
(LSmi) L Time . L T S S— o LT S—
By .. el [ By e By
O daye - " — Dot  ——— - — | ——
OTT™ urine
(1Smi) Tiene: Time: Tiese: Time. Time:
By By By By By
O o3 [ . Date:.... - . — | —— Dot
DTTM wrine
(1Sml) [ [T — [ [ T — | I
By L By- By By
O Dey [T — DR s | DO eres D [~
14 DTTM wrine
(Smi) Tiene: Time: Time: Time: Time:
By e By
Datad 01% Sept, 2015 QCL: Intiais.. .. Owe ... QI wtials. Date

LABORATORY REQUEST AND STORAGE FORM (BABY) - F005

Section B: Sample storage information (To be completed by study keboretery staff).

Aliquot Type Box number Pouition Aliquot pellet 1D number

Serum aliguot #1- 10ml

DTTM wrine [Day 0) & 1 - S.0mi

DTTM wrine [Day 1) 8 1~ S.0mi

DTTM wrine (Day 2)#1 ~ 5.0mi

DTTM wrine (Day 3) 81 - S.0ml

DTTM urine [Day 4) & 1~ S.0md

DTTM crine (Oay 13] #1 - 1.0mi

DTTM wrine (Day 14] 5 1 ~ 1.0

SECTION D: Laboratory Notes

Please note here additional information that might be redevant to use of stored samples (e.g observed abnomalities,

npr 9 and any from the SOP etc) and choNenges in drowing blood.
Name of aboratory personnel: Signature: - Date:
Section D: Guality Control Cheok (T oe oy ao QCDAor aooranvy s
Laboratory personne signature Print name Date Time
Datad 01% Sepe, 2015 QCL: Inbials.. ... ORS.oee .. o~ | S—
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———— | o ] [ ]

_— o o o|o|o|o

Visit: P2 P10 pere | e2s | pesa | newe
ola|ala]la]ale o|lala

Deuterium 12| 3] ¢||afo|2]2]3]«

Urine Day

Seotion A Speoimenc and Tect Type (Tiok all that apply for the ctudy vick ac per the protoood):

Specimen (ype and Collcctad By Delivery By | Recsived By Procewed By Stored By
~olumes
O LH Tube (2X6esl) Due Dot | Dl il L
O SST Tube (1X4al) o oyl St e
CIEDTA tbe 1X4al) | B By
S [ S——
5
DUz bowtent |, o |mme Tima: . I
B 3 By By 3
[ —— (1 — . JSSSSSe—. [+ - [+ | CSS—
DowoDTMe | oy | |wme Tima Timee
Sy
Date-...
O Day | DTTM arme
| — ) W L N—— I T —
5 ) By By £
[ Date . |Date .. |Dase [
20TT™
Dby2D et | T | T [ S | |-
B B By By - B
Date . Date . |Date . . Dase . Datee. .
ODpsotMule |y e [ Tme: . |me
B By By By - By
Date .. Oate . | Dabe .. Dase Date..oe.
O Day 4 DTT™ urine
e | T | T | . T
By By By By — B
Date— . |Oete._______ | Date Dam Date.
O Day 13 DTTM urme
e [T | TV | - e
3 By: By Sy
| S SIS [+ 11— | S [ S——
O Day 18 DTTM urine
| ESEESN ) W———) Tiva. ) | TO—
B By By By B
Deeed 01 Sepe 2015 QC1: Mitlabs . Date S TS S T R———

LABORATORY REQUEST AND STORAGE FORM (MOTHER) - F004

Os ik (Left) [ | —— | — [ — T — [T T —
| S eee | VB eccncnsames | TR cccmcomcnss TR cecemsmmosns V-
5 L By
[ [ T —

o a0 | — | — I
B B By ~

Seotion B: Sample procecsing and ctorage (T be by stucy stam

Allquot Type Volume Raok | Tray/ box Pocltion Aliquot peliet
ctored number 1D number
T pEsma alquote T 15

[H pasma alquot#2 - 1.5m

H pasma alquot# 3 - 1.5Mm

[H pasma alquot # 2 - 1.5m

Serum alquot® 1 - 1.0m

Serum alquot# 2 - 1.0m

EDTA piasma alquat# 1 - 1.0ml

EDTA pi@sma alquot #1 - 1.0m

RBC concentrates # 1 - 1.0mi

RBC concentrates #2 - 1.0mi

AcCined urine # 1 (5.0mi)

Aciofied uine #2 - S.0mi

Non Acidifiedurine # 1 - 5.0ml

Non Acidified urine #2 -5.0ml

Total volume 2-hour Urine (mi)

Breast mik (Le®) =1 - 5.0mi

Breast mik (FIghh) #1 - 5.0m

Deuterum urine (Day 0)# 1 - 5.0mI

Dewterium urine (Day 1)# 1 - 5.0mI

Dewserium urine (Day 2) # 1 - 5.0mi

Deuterium urine (Day 3) # 1 - 5.0mI

Deuserum urine (Day 4) = 1 - 5.0mI

Dewterum urine (Day 13) #1 - 5.0mI

Dewterum urine (Day 12) #1 - 5.0mI

Seotion C: Quality Control Cheok (To be &y o . QCQAor s
Laboratory personne’ signature Print name Date Time
Deted 0 Sepe 2015 QC1: Mitabs ... Date S S T U———
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Appendix 12: DXA referral forms

- -
GumA ’ Ty GuNBA ' STy
GUMBA STUDY DXA REFERRAL FORM FOR MOTHER (GUMBA- F008) GUMBA STUDY DXA REFERRAL FORM FOR BABY (GUMBA- F009)
DATE / |, M I
[DOMM/YYYYY)
DATE: | __| / I

i
SECTION A: PARTICIPANT DETAILS

AL Study Number (Mother): (MAB __ | __ | | |- M Advisi: OO pP2
42, Resids O rpPs JAL Studly Number (BABY): IMaB __| __ | __ | __| -8 AAvisit: O pP2
a3, poe I I O T '/ - | 0O pe2s a rPie
DO/MM/YYYYY) ¢ i
0O eew2 A2. 0081 __1__ 1/l Vi)l O ee2e
Y
as. Participant initials O NewL e il O ees2
jas. Sex Female a3, Sex Male O remale O eem

a4, Participant Initials
SECTION B: OXA REQUISITION DETAILS -
SECTION B: DXA REQUISITION DETAILS

jAnthropometry: 8L Weighe: |__|__I__I|. 1| B2 Helght: |__ |11 1|

Janthropometry: BLweight: |__|__|__|. | Bl Helght: |__|__I|__J-I__

j53. Pregnancy Test Results (HOG) [ Negative [0  Negatve 0o Na
J85. DXA Scans requested:

[Mense request for the 2 scam)

|84 Date HCG testdone:| | ! I/ | | |
0O  Lmbur spine

m 0 No O ves*
8.5 Presence of metallic parts infon the body [ Whole body

*Please provide further

I86. DXA Scans requested: O Lumbarspine J86. DXA requested by (Name): Signature : Date
Messe roguest for e 3 scam| O Hip
Si ON C: FEEDBACK FROM DXA TECHNIOAN
[0 Whole body
ans done: Lumbur O ves O wno*
|87. DXA requested by (Name): I 2 Date .00 ” AN
Whole body ) YES O wno*

IC2. * Reason why scan was not done (please attach further information where necessary):

IC1. DXA scans done: Lsmbar spine a YES 0O wnNo*
Hip O ws O wno*
Whaole body (] YES O wno* IC3. DXA Tech (Name): Signature:: Date

JC2. * Reason why scan was not done (please attach further information where necessary):

JC3.DXAT (Name): B 2, Date
~ - XA referval from. Version 1.3, Dated 30™ March 2015 Page1of 3
DA referral from. Viersion 3.1, Dated 30™ March 2015 Page1eft
QC1: Intials Date QC2: Initiais. Care
QC1: Intials Date QC2: Initisis Cae
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