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ABSTRACT
Objective To assess weight loss maintenance, diabetes
status, mortality and morbidity 15 years after a very low
calorie diet programme (VLCD) in patients with obesity.
Design General practice data bases were interrogated
for subjects coded for group therapy with VLCD in
the 1990s. Causes of death, occurrence of vascular
disease and remission or development of diabetes were
ascertained from patient records and national stroke and
cardiovascular disease data bases.
Results 325 subjects engaged in the programme and
had sufficient data for analysis. Baseline characteristics
were: age 47.8±12. 8 years; body mass index (BMI)
36.1±6.8 kg/m2; 79.1% female/20.9% male; 13.5% had
type 2 diabetes. After 15±4 years weight had changed
from 97.9±19 kg at baseline to 100±20.8 kg. 10 with
diabetes at baseline were in remission at 3 months, but
only two remained in remission at 5 years. 50 new cases
of type 2 diabetes and 11 of impaired fasting glucose
developed during follow-up. Only 5.9% who remained
healthy at follow-up had maintained >10% body weight
reduction. Neither diabetes incidence nor diabetes
free survival were related to percentage body weight
lost during VLCD. Only baseline BMI was related to
development of new impaired fasting glucose or diabetes
by 15 years (p=0.007). 37 subjects had a cardiovascular
event. Age (p=0.000002) and degree of weight loss
after VLCD (p=0.03) were significantly associated with
subsequent vascular events.
Conclusion Long-term maintenance of weight loss after
VLCD was rare in this single centre retrospective study
15 years later. Glucose intolerance developed in 21.4%.
Lasting remission of type 2 diabetes or prevention of later
glucose intolerance were not achieved. Vascular events
were more frequent in those who lost most weight. Risk
management during weight regain should be studied
in future to assess potential for reduction in adverse
cardiovascular outcomes.

INTRODUCTION
The central importance of nutrition in
development of type 2 diabetes is widely
accepted.1–4 Type 2 diabetes results from a
combination of beta cell failure and insulin

Key messages
What is already known on this topic
► Many studies have shown successful short-
term

induction of weight loss in persons with obesity,
but long-term weight loss maintenance has been
disappointing.

What this study adds
► This is the first observational study to report long-

term outcomes (15 years) after successful weight
loss with very low calorie diet (VLCD).
► Weight regain in 95% was associated with vascular
events and development of type 2 diabetes.

How this study might affect research, practice
or policy
► Prospective long-term outcome studies will be re-

quired to ascertain whether intensive follow-up of
low carbohydrate dietary interventions including
VLCD can achieve weight loss maintenance without
cardiovascular risk.

resistance, the latter almost invariably associated with some degree of obesity.5 Population
wide weight loss has been associated with a
reduction in prevalence of type 2 diabetes.
The most recent example of this has been the
Cuban experience from 1990 to 2010. As a
result of forced austerity from 1990 an average
weight loss of 5 kg was sustained in the adult
population of Cuba. The prevalence of type
2 diabetes declined over 10 years. This trend
was reversed in the subsequent 10 years after
the ending of austerity.6 This highlights the
possibility that community-based weight loss
programmes could reduce the prevalence of
obesity and type 2 diabetes.
One recent pharmacy based study has
shown maintenance of 10% wt loss at 132 days
after intervention with very low calorie diet
(VLCD).7 Meta-analysis of successful weight
loss with VLCD has confirmed equal success
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in those with and without type 2 diabetes. Weight loss was
better sustained for 18–36 months with a variety of dietary
strategies.8 In another study from Scotland, retrospective
analysis of weight loss maintenance following VLCD has
shown impressive results for up to 3 years.9 However,
in this study, only 10% of the participants recruited at
baseline were intensively followed up at 3 years, the
outcome for the majority-90% is not reported.9 A recent
prospective controlled study of VLCD has shown remission of early type 2 diabetes accompanied by resolution
of ectopic hepatic and pancreatic fat. This has renewed
interest in the concept that a long-
term remission in
glucose intolerance might be achievable.10 11 These findings have also focused interest in VLCD intervention in
the community, in order to reduce future development of
type 2 diabetes.12 The high risk of cardiovascular disease
associated with long-term obesity might be mitigated if
VLCD induced weight loss could be sustained long-term
as shown in follow-up of bariatric surgery.13 14
In the 1990s in South Devon, UK, a VLCD formula was
made available only with private prescription from the
general practitioner. The whole cohort of 351 patients
who engaged in the programme were identified and
retrospectively assessed for maintenance of weight loss
achieved on the programme, subsequent development of
diabetes and vascular events.
METHODS
Patients with obesity who were prescribed VLCD in the
early 1990s, were identified from general practice data
and hospital records confirming private prescription of
‘Lipotrim’ (Howard Foundation, Cambridge, UK). The
study protocol has been described fully in a previous
report.15 Ninety-five per centof the practice populations
in 1990 were ethnically White British. The VLCD weight
loss programme was advertised in four general practice
reception areas, and included in discussions of obesity and
health during doctor and nurse appointments. Patients
who selected VLCD were required to attend weekly group
sessions with a nurse, counsellor and initially a doctor.
Weekly meal replacements were issued on completion of
each session. Timing of these community-based sessions
was arranged to suit participants convenience. The
complete nutritional replacement provided 450 kcal (30
g carbohydrate) per day for women and 650 kcal (58 g
carbohydrate) day for men. The meal replacements were
provided in the form of sachets and flapjacks. The cost
to the patient of meal replacement was £18 for females
and £24 for males per week, paid weekly. Ten patients on
benefits were included in the programme without cost to
them. Exclusion criteria were blood pressure >150/90 mm
Hg, serum creatinine >120 µmol/L, active retinopathy or
neuropathy if living with diabetes, active treatment for
cancer or known cardiovascular disease.
A total of 325 of 351 patients who attended the first
session completed the programme figure 1. Group
sessions of 8–10 took place in general practice and all
2
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Figure 1 Outcome at 15 years follow up of very low calorie
diet therapy. BMI, body mass index; VLCD, very low calorie
diet.

participants were exposed to the same discussions on
nutrition and practicalities of total meal replacement with
VLCD. Group cooking demonstrations and group discussions to focus healthy eating on cessation of the VLCD
programme were included in the programme. Medications for diabetes and hypertension were stopped during
the first week of treatment and weight, blood pressure,
urinary ketones and blood glucose measured weekly.
Permission was granted by the Primary Care Trust
and the four general practices involved in the VLCD
programmes in the 1990s to audit 15-
year outcomes.
Records of patients with obesity who received private
prescription of the VLCD formula ‘Lipotrim’ (Howard
Foundation, Cambridge, UK) were searched to document age, gender, baseline and final diabetes status, baseline weight and body mass index (BMI). Weight loss in
the 3 months after commencing VLCD (or during total
time on VLCD if longer than 3 months), weight regain
and 15-year weight (final weight was used if patients had
deceased earlier) were also ascertained. Practice diagnosis of type 2 diabetes during follow-up was confirmed
from records by Haemoglobin A 1c (Hba1c) ≥48 mmol/
mol (6.5%) or fasting serum glucose ≥7 mmol/L (126 mg
%); and impaired fasting glucose (IGT) with serum
glucose ≥6 but ≤7 mmol/L (108 to 126 mg %). Morbidity
and mortality were ascertained from practice records and
confirmed through Heart: Myocardial Ischaemia National
Audit Project (HQIP/A-Z of National Clinical Audits/
Heart: Myocardial Ischaemia National Audit Project).16
Reported stroke and heart failure were identified from
practice records and confirmed from hospital records.
The data were anonymised before analysis.
Statistical methods
The Kaplan-Meier method and Cox proportional hazard
models were used to estimate overall survival and type 2
diabetes free survival. Time from the end of VLCD intervention was used as time 0, and censored at date of death
or development of type 2 diabetes. All data were analysed
in ‘R’ open software V.1.2.5019.
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Table 1 Baseline characteristics of 325 subjects undertaking very low calorie diet programme between 1993 and 1998 in
South Devon, UK
Whole cohort
n=325

Type 2 diabetes
baseline n=44

Developed diabetes
or IFG n=61

No diabetes baseline
or follow-up n=220

P value DM vs no
DM at baseline
0.0034

Age years mean (SD)

47.8 (12.8)

53.2 (12.1)

49.2 (12.0)

46.7 (13.0)

Gender % F/M

79.1/20.9

65.9

78.5

92.8

0.1

BMI kg/m2 mean (SD)

36.1 (6.8)

38.2 (6.9)

38.2 (7.2)

35.1 (6.4)

0.003

Weight kg mean (SD)

97.9 (19)

105.6 (26.6)

102.0 (21.5)

95.7 (17.1)

0.0037

BMI, body mass index; DM, diabetes mellitus; IFG, impaired fasting glucose.

In addition, a binomial modelling approach was
used to identify factors associated with development of
IGT or diabetes and identify factors associated with the
development of cardiovascular events (atrial fibrillation,
acute coronary syndrome, congestive cardiac failure and
stroke).
RESULTS
Numbers of records searched, those excluded and
diabetes status after 15±4 year are depicted in figure 1. All
were of white British ethnicity. A total of 3713 adults on
the combined general practice lists were obese in 1995.
Between 1995 and 2010, obesity and diabetes prevalence
in the combined practices increased from 11.7% to 27%
and 3.1% to 5.1%, respectively.
Table 1 describes the characteristics of whole cohort
and subgroups according to baseline and incident glucose
intolerance status. Baseline and follow-up weights in each
of these subgroups can be seen in table 2.
Ten of the 44 patients with baseline type 2 diabetes
normalised blood glucose levels after the VLCD treatment at 3 months (weight reduced from 103±24 to
89.5±21 kg, serum fructosamine reduced from 336±56 to
258±25 mmol/L). Weight and serum fructosamine at
3 years increased to 103±30 Kg, and 349±68 mmol/L,
respectively. Only two sustained remission at 5 years, and
none at 15 years. Full details shown in online supplemental table 1.
55 patients achieved >10 kg weight loss at 15 years
follow-up: Of these four had undergone bariatric surgery,
three had poorly controlled diabetes, six developed
terminal cancer, three were in severe heart failure, two

suffered severe strokes and one was living with dementia,
(online supplemental table 2.
Thirteen of 220 with no diabetes at any time and who
remained in good health maintained 10% wt loss at 15
years representing a 5.9% wt loss maintenance associated
with intervention with VLCD 15 years before.
The binomial model result included covariance of
weight, BMI change, gender, baseline BMI, weight difference by 15 years and age on the development of IGT or
diabetes. In the 281 patients without baseline diabetes
the results were: null deviance: 292 on 276 degrees
of freedom Z value: 2.6. All terms were rejected by the
model except baseline BMI, which maintained a significance of p=0.007 see figure 2. Outcomes are expressed as
quartiles of baseline BMI. Diabetes free survival was not
associated with percentage of baseline body weight lost
during the VLCD intervention, or at the end of the study,
see figures 3 and 4.
Factors associated with cardiovascular outcomes
(stroke, atrial fibrillation, coronary artery disease,
congestive cardiac failure) in binomial modelling of
the whole cohort of 325 patients with obesity were baseline age (p=0.000002) and weight lost during VLCD
(p=0.03). The mean (±SD) characteristics were: age in
years 57.7 (±8.2); weight in kilograms at baseline 109.8
(±14.9); weight loss on VLCD 18.2 (±9.1); final weight
117.9 (±20.9). 21 were female 16 male, 8 had diabetes
at baseline and 12 developed diabetes. Events occurred
9.2±4.3 years after VLCD.
Weight loss achieved on the VLCD programme was
significantly related to baseline BMI, r=0.1323, p=0.017
for those with any diabetes, baseline or incident diabetes,

Table 2 Weight changes in 325 subjects in the 15 years following a VLCD treatment programme
Whole cohort
n=325

Type 2 diabetes
baseline n=44

Developed diabetes
or IFG n=61

No diabetes baseline
or follow-up n=220

Baseline weight kg mean (SD)
Baseline BMI kg/m2 mean (SD)

97.9 (19.0)
36.1 (6.8)

105.6 (26.6)
38.1 (6.9)

102.0 (21.5)
38.2 (7.2)

95.7 (17.1)
35.1 (6.4)

Weight loss on VLCD kg mean (SD)

14.8 (11.2)

12.4 (12.3)

15.5 (11.9)

15.1 (10.7)

Weight at 15 years kg mean (SD)
% maintaining >10 % weight loss at
15 years

100.0 (20.8)
16.6

107.2 (25.4)
13.6

102.2 (22.2)
28.5

98.4 (19.5)
13.2

BMI, body mass index; IFG, impaired fasting glucose; VLCD, very low calorie diet.
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Figure 2 Survival free from type 2 diabetes mellitus
following weight loss in lipotrim study, Stratified by quartile of
baseline BMI. BMI, body mass index.

and r=0.1244, p=0.0005 for those with no diabetes online
supplemental figure 1—).
DISCUSSION
In this 15-year follow-up of one intervention with VLCD,
55 patients sustained >10 Kg weight loss at follow-up, but a
number of confounding factors have contributed to final
weight achieved in many of them. Fifteen had serious or
fatal illness, three had poorly controlled diabetes and
others undertook later weight loss interventions such
as bariatric surgery (three) or other meal replacement
programmes (four). It is internally consistent but not
surprising that weight loss on the VLCD programme was
related to baseline BMI as the intervention involved fixed
caloric intake of 450 kcal/day for women and 650 kcals/
day for men.
Fifteen years after intensive VLCD intervention 21.4%
of those without baseline diabetes developed type 2
diabetes or impaired fasting glucose during follow-
up
(50 type 2 diabetes; 11 impaired fasting glucose). This
compares with the results of the EPIC study, an ethnically
similar group, showing a 10-year diabetes incidence of
5.3% with baseline BMI 26 and age range 25–75 years.17
The National Health and Nutrition Examination Survey,
study of self-reported weights over 8 years in North American female healthcare workers those aged 59 years with

Figure 3 Survival free from type 2 diabetes mellitus
following weight loss in lipotrim study, stratified by weight
loss <10% versus weight loss >10% during lipotrim study.
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Figure 4 Survival free from type 2 diabetes mellitus
following weight loss in lipotrim study, stratified by weight
loss <10% versus weight loss >10% maintained by study
end.

higher BMI 35–40 Kg/M2 the cumulative incidence of
type 2 diabetes was 43%.18 A Cochrane review of bariatric
surgery trials the cumulative incidence of diabetes in
control subjects was 25.8%.19 In the Swedish Obesity
Survey control group the 15-year incidence of diabetes
was 21.9%.20 In the Whitehall study analysis at 14 years
in civil servants aged 52 years with 75% male gender and
baseline BMI of 29, 9.7% developed type 2 diabetes by
follow-up.21 The figure of 21.4% glucose intolerance in
our group is broadly comparable to diabetes rates in
these studies allowing for differences in baseline BMI and
gender.
There was no correlation between weight loss during
the VLCD programme and final weight loss, or with
development of diabetes. In this respect the analysis
of incidence of diabetes and vascular disease in Cuba
from the 1980s until 2010 is relevant. The population
effects of weight reduction over 10 years were lost with
weight regain, though the outcomes for individuals who
lost most weight during austerity is not known.6 None
of our patients had clinically manifest renal or cardiac
disease, sight threatening retinopathy or neuropathy
at baseline. Nevertheless the 15-year vascular outcome
was poor in our patients with either baseline or incident
type 2 diabetes. This was despite the temporary remission in obesity. The Look Ahead study which included
partial meal replacement with low calorie products to
induce weight loss in type 2 diabetic subjects failed to
demonstrate reduction in vascular events.22 Analysis of
the Framingham data has shown an increased mortality
among participants whose weight varied substantially
during follow-up suggesting a harmful effect of so-called
yo-yo dieting.23 The association of cardiovascular events
with greater weight lost during VLCD in this study
requires further investigation in randomised prospective studies. All of these participants not only regained
weight but many exceeded their baseline weight by 15
years. This large increase in weight would inevitably
result in development of adverse cardiovascular risk.
Study participants with similar age, gender and ethnicity
to those in our study showed significant associations of
Paisey R, et al. bmjnph 2022;0:e000363. doi:10.1136/bmjnph-2021-000363
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weight regain with glucose intolerance, hypertension,
the inter-relationships between total energy restriction,
hyperlipidaemia and mental ill health 5 years after
VLCDs, and focused low carbohydrate diets.32
24
bariatric surgery.
It is likely that the combination of obesogenic environAdvantages of this audit are that it reflects the outcome
ment, availability of high energy dense ‘junk food’ and
in a high proportion of obese individuals who undertook
food addiction will all have played a part in the developa standardised total VLCD meal replacement programme
ment of obesity at baseline, and weight regain after VLCD
over a short time period in one area of the UK. In addiexperienced by the subjects in the study.33 34 Future meal
tion, all received the same support video, advice on
replacement studies to induce remission in or prevent
re-feeding and exercise. As the programme was delivered
type 2 diabetes might result in longer term weight loss
in the local community it was possible to arrange group
maintenance if effective post-VLCD lifestyle intervention
session times for patient convenience. The limitations
strategies such as those employed in the diabetes prevenare that the cohort is exclusively of white British origin,
tion programmes were implemented.35 A cogent case for
reflecting the local population demographic. Other
integrated care in obesity treatment has been proposed.36
ethnic groups have a higher incidence of cardiovascular
This comprehensive review of tier 2 (community-based
disease and lower BMI threshold for the development of
lifestyle intervention) and tier 3 (specialist weight
type 2 diabetes.25–29 VLCD trials in this and other ethnic
management services) concludes that their efficacy
groups should be undertaken to establish risks and beneremains uncertain. Difficult access to treatment for
fits before large scale interventions are undertaken.
obesity, poor outcomes of intervention, rigidity in pathThere is a potential source of bias in that the patients
ways and weight stigma are cited as continuing barriers.
were required to purchase the meal replacements on a
Facilities to deliver such a multifaceted intervention were
weekly basis by private prescription and were willing to
not available at the time of our study This contrasts with
attend group sessions. However, weight loss programmes
the positive metanalysis of short term success of VLCD
delivered in the community are commercially based and
intervention in patients with type 2 diabetes in 2015.37
30
extremely popular with evidence of short term success
More options are becoming available for long-
term
(https://www.weightwatchers.com,
www.slimfast.co.
weight loss maintenance. Excellent sustained weight loss
uk, www.slimmingworld.co.uk). More work would be
has been demonstrated in a recent randomised controlled
welcome to evaluate the comparative efficacy of weight
study of a weekly Glucagonlike Peptide Agonist (GLP1
loss strategies as purchased meal plans or a prescribed
agonist) in population with obesity.38 Currently, this
free therapy, particularly as the majority of persons with
would be an expensive option for weight loss maintenance
obesity seeking support in losing weight in the commufor very large numbers of obese persons. The efficacy of
nity will do so by engaging in proprietary weight loss
low carbohydrate diets in long-term weight loss has been
programmes. It is of interest though not generalisable
demonstrated particularly in insulin resistant individuals
that all the 10 patients with obesity whose prescriptions
in single-centre cohort studies.39 Randomised long-term
were offered free because of financial difficulty failed to
studies of a range of low carbohydrate diets designed
engage beyond the first week (the 10 subjects in figure 1
to evaluate sustained weight loss and cardiovascular
‘failed to collect prescriptions’).
outcomes are much needed. Randomised controlled
The lack of evidence that this intense VLCD programme
studies of bariatric surgery have unequivocally demoninduced lasting remission in type 2 diabetes or signifistrated substantial reduction in obesity, severity and
cantly reduced incidence of glucose intolerance is disapprevalence of diabetes. The rarity of substantial weight
pointing but not surprising as weight regain occurred in
regain post bariatric surgery is likely to contribute to the
95%. Only 8.7% of patients with obesity in the combined
reduction in cardiovascular events,40 while the long-term
practice lists undertook the VLCD programme. These
effects of low carbohydrate diets (including VLCDs) on
findings highlight the challenges in engaging patients at
cardiovascular outcomes are only beginning to be tested
risk of serious ill health in this case due to obesity. This
in prospective studies.31
also constitutes a bias in that the majority of persons
with obesity not included in the programme may have
CONCLUSION
responded differently to VLCD and had different rates of
To our knowledge, this is the first report of very long-
development of diabetes. The precise outcomes for the
term outcome following VLCD with over 90% follow-up.
non-participating persons with obesity is not known.
Of a total of 325 subjects, only 5.9% who remained
Better engagement of patients with type 2 diabetes
healthy sustained >10 kg weight loss at follow-up. Neither
and good outcome at 2 years has been achieved with low
sustained remission in diabetes, nor an effect on incident
carbohydrate diet (28.7%) in a single-centre study with
diabetes were achieved. The higher incidence of cardiothe crucial difference that VLCD (which can be considvascular events in those who lost most weight during
ered as a prescribed low carbohydrate diet) replaces usual
VLCD requires further investigation. The effect on long-
food as a short intervention, while a low carbohydrate
term outcomes after VLCD of intense multidisciplinary
diet modifies food intake and can therefore be continued
follow-up and cardiovascular risk management have not
long term.31 A recent metanalysis of dietary carbohydrate
been reported. Finally, a reflection on the results of this
restriction in treatment of type 2 diabetes has emphasised
Paisey R, et al. bmjnph 2022;0:e000363. doi:10.1136/bmjnph-2021-000363
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and many other weight loss interventions would suggest
an urgent need for prevention of development of type
2 diabetes in those with pre-diabetes,35 41 42 and public
health strategies to reduce population levels of obesity,
though these latter interventions have so far met with
only limited success43
Author affiliations
1
Diabetic Department, Torbay and South Devon NHS Foundation Trust, Torquay, UK
2
General Practice, Chilcote Surgery Dewerstone Practice, Torquay, UK
3
General Practice, Pembroke House Surgery, Paignton, UK
4
General Practice, Kingsteignton Medical Practice, Newton Abbot, UK
5
Diabetes, Cambridge University Hospitals NHS Foundation Trust, Cambridge, UK
6
Diabetes Research, Torbay and South Devon NHS Foundation Trust, Torquay, UK
7
Practice Nursing, Catherine House Surgery, Totnes, UK
8
General Practice, Compass House Medical Centres, Brixham, UK
Acknowledgements The VLCD programme was set up commercially and
supported by Dr S Kreitzman PhD, Biochemist and V Beeson, Nurse practitioner
of Howard Foundation Ltd. Practice groups were run by practice nurse leads for
diabetes Stacey Fricker, Jane James, Karen Rundle and Sue Finch. This work
has been presented in part as a poster at the Association of British Clinical
Diabetologists meeting Manchester UK on 22 April 2016. We would like to thank
Beverley Coombes for expert assistance in validating cardiovascular outcomes
through the national cardiovascular disease and stroke data bases. Melvin Cowie,
graphic design, undertook formatting of the figures. Above all we are grateful to the
subjects who participated in this study.
Contributors RiP initiated the study and led the audit. CD, WH, RB and DG
organised the practice based groups and collated practice data for the audit. JF and
RoP managed the patients living with diabetes and contributed to writing up the
manuscript. CP performed statistical analysis and contributed to referencing and
writing up the manuscript. RiP is guarantor for the study.
Funding Torbay Special Medical Projects grant PS/MAO/T/PAIS001. Torbay Hospital
and the practices facilitated the audit. Transparency of data is confirmed and data
sharing acceptable.
Competing interests None declared.
Patient consent for publication Not applicable.
Ethics approval This study involves human participants and was approved by
Torbay Local Research Ethics CommitteeTorbay Hospital,Lawes Bridge,Torquay
TQ27AA1992 ref T19/11/92 Participants gave informed consent to participate in the
study before taking part.
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available on reasonable request.
Author note Submitting author R Paisey is guarantor and responsible for supplying
source data on reasonable request
Supplemental material This content has been supplied by the author(s). It
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely
those of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability
and responsibility arising from any reliance placed on the content. Where the
content includes any translated material, BMJ does not warrant the accuracy and
reliability of the translations (including but not limited to local regulations, clinical
guidelines, terminology, drug names and drug dosages), and is not responsible
for any error and/or omissions arising from translation and adaptation or
otherwise.
Open access This is an open access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided the
original work is properly cited, appropriate credit is given, any changes made
indicated, and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/.
ORCID iD
Richard Paisey http://orcid.org/0000-0002-7790-2569

6

BMJ Nutrition, Prevention & Health
REFERENCES

1 Chan JM, Rimm EB, Colditz GA, et al. Obesity, fat distribution, and
weight gain as risk factors for clinical diabetes in men. Diabetes Care
1994;17:961–9.
2 Carey VJ, Walters EE, Colditz GA, et al. Body fat distribution and risk
of non-insulin-dependent diabetes mellitus in women. The nurses'
health study. Am J Epidemiol 1997;145:614–9.
3 National Task Force on the Prevention and Treatment of
Obesity. Overweight, obesity, and health risk. Arch Intern Med
2000;160:898–904.
4 Power C, Thomas C. Changes in BMI, duration of overweight and
obesity, and glucose metabolism: 45 years of follow-up of a birth
cohort. Diabetes Care 2011;34:1986–91.
5 Himsworth HP. The mechanism of diabetes mellitus. Lancet
1939;234:171–6.
6 Franco M, Bilal U, Orduñez P, et al. Population-Wide weight loss and
regain in relation to diabetes burden and cardiovascular mortality in
Cuba 1980-2010: repeated cross sectional surveys and ecological
comparison of secular trends. BMJ 2013;346:f1515.
7 Evans G, Wright D. Long-Term evaluation of a UK community
Pharmacy-Based weight management service. Pharmacy 2020;8:22.
8 Johansson K, Neovius M, Hemmingsson E. Effects of anti-obesity
drugs, diet, and exercise on weight-loss maintenance after a
very-low-calorie diet or low-calorie diet: a systematic review and
meta-analysis of randomized controlled trials. Am J Clin Nutr
2014;99:14–23.
9 Rolland C, Johnston KL, Lula S, et al. Long-Term weight loss
maintenance and management following a VLCD: a 3-year outcome.
Int J Clin Pract 2014;68:379–87.
10 Taylor R, Lecture BM. Banting memorial lecture 2012: reversing the
twin cycles of type 2 diabetes. Diabet Med 2013;30:267–75.
11 Lean ME, Leslie WS, Barnes AC, et al. Primary care-led weight
management for remission of type 2 diabetes (direct): an open-label,
cluster-randomised trial. Lancet 2018;391:541–51.
12 Astbury NM, Aveyard P, Nickless A, et al. Doctor referral
of overweight people to low energy total diet replacement
treatment (droplet): pragmatic randomised controlled trial. BMJ
2018;362:k3760.
13 Khan SS, Ning H, Wilkins JT, et al. Association of body mass index
with lifetime risk of cardiovascular disease and compression of
morbidity. JAMA Cardiol 2018;3:280.
14 Iyen B, Weng S, Vinogradova Y, et al. Long-Term body mass index
changes in overweight and obese adults and the risk of heart failure,
cardiovascular disease and mortality: a cohort study of over 260,000
adults in the UK. BMC Public Health 2021;21:576.
15 Paisey RB, Harvey P, Rice S, et al. An intensive weight loss
programme in established type 2 diabetes and controls: effects
on weight and atherosclerosis risk factors at 1 year. Diabet Med
1998;15:73–9.
16	nicor.auditenquiries@nhs.net [Internet]. Available: https://www.nicor.
org.uk/wp-content/uploads/2019/09/MINAP-2019-Summary-Report-
final.pdf
17 InterAct Consortium. Adherence to predefined dietary patterns and
incident type 2 diabetes in European populations: EPIC-InterAct
study. Diabetologia 2014;57:321–33.
18 Nguyen NT, Nguyen X-MT, Lane J, et al. Relationship between
obesity and diabetes in a US adult population: findings from the
National health and nutrition examination survey, 1999-2006. Obes
Surg 2011;21:351–5.
19 Gloy VL, Briel M, Bhatt DL, et al. Bariatric surgery versus non-
surgical treatment for obesity: a systematic review and meta-analysis
of randomised controlled trials. BMJ 2013;347:f5934.
20 Sjöström L. Review of the key results from the Swedish Obese
Subjects (SOS) trial - a prospective controlled intervention study of
bariatric surgery. J Intern Med 2013;273:219–34.
21 Vistisen D, Witte DR, Tabák AG, et al. Patterns of obesity
development before the diagnosis of type 2 diabetes: the Whitehall II
cohort study. PLoS Med 2014;11:e1001602.
22 Look AHEAD Research Group, Wing RR, Bolin P, et al.
Cardiovascular effects of intensive lifestyle intervention in type 2
diabetes. N Engl J Med 2013;369:145–54.
23 Lissner L, Odell PM, D'Agostino RB, et al. Variability of body weight
and health outcomes in the Framingham population. N Engl J Med
1991;324:1839–44.
24 King WC, Hinerman AS, Belle SH, et al. Comparison of the
performance of common measures of weight regain after
bariatric surgery for association with clinical outcomes. JAMA
2018;320:1560.
25 McKeigue PM, Shah B, Marmot MG. Relation of central obesity and
insulin resistance with high diabetes prevalence and cardiovascular
risk in South Asians. Lancet 1991;337:382–6.

Paisey R, et al. bmjnph 2022;0:e000363. doi:10.1136/bmjnph-2021-000363

BMJ Nutrition, Prevention & Health
26 Yudkin JS. Non-Insulin-Dependent diabetes mellitus (NIDDM) in
Asians in the UK. Diabetic Medicine 1996;13:16–18.
27 Bainey KR, Jugdutt BI. Increased burden of coronary artery disease
in South-Asians living in North America. need for an aggressive
management algorithm. Atherosclerosis 2009;204:1–10.
28 Misra A, Khurana L. Obesity-Related non-communicable diseases:
South Asians vs white Caucasians. Int J Obes 2011;35:167–87.
29 Gholap N, Davies M, Patel K, et al. Type 2 diabetes and
cardiovascular disease in South Asians. Prim Care Diabetes
2011;5:45–56.
30 Gudzune KA, Doshi RS, Mehta AK, et al. Efficacy of commercial
weight-loss programs: an updated systematic review. Ann Intern
Med 2015;162:501–12.
31 Unwin D, Khalid AA, Unwin J, et al. Insights from a general practice
service evaluation supporting a lower carbohydrate diet in patients
with type 2 diabetes mellitus and prediabetes: a secondary analysis
of routine clinic data including HbA1c, weight and prescribing over 6
years. BMJ Nutr Prev Health 2020;3:285–94.
32 Nicholas AP, Soto-Mota A, Lambert H, et al. Restricting
carbohydrates and calories in the treatment of type 2 diabetes:
a systematic review of the effectiveness of 'low-carbohydrate'
interventions with differing energy levels. J Nutr Sci 2021;10:e76.
33 Weiss EC, Galuska DA, Kettel Khan L, et al. Weight regain in U.S.
adults who experienced substantial weight loss, 1999-2002. Am J
Prev Med 2007;33:34–40.
34 Osei-Assibey G, Dick S, Macdiarmid J, et al. The influence of the
food environment on overweight and obesity in young children: a
systematic review. BMJ Open 2012;2:e001538.
35 Valabhji J, Barron E, Bradley D, et al. Early outcomes from the
English National health service diabetes prevention programme.
Diabetes Care 2020;43:152–60.

Paisey R, et al. bmjnph 2022;0:e000363. doi:10.1136/bmjnph-2021-000363

36 Hazlehurst JM, Logue J, Parretti HM, et al. Developing integrated
clinical pathways for the management of clinically severe adult
obesity: a critique of NHS England policy. Curr Obes Rep
2020;9:530–43.
37 Goldenberg JZ, Day A, Brinkworth GD, et al. Efficacy and safety of
low and very low carbohydrate diets for type 2 diabetes remission:
systematic review and meta-analysis of published and unpublished
randomized trial data. BMJ 2021;372:m4743.
38 Wilding JPH, Batterham RL, Calanna S, et al. Once-Weekly
Semaglutide in adults with overweight or obesity. N Engl J Med
2021;384:989–1002.
39 Kelly T, Unwin D, Finucane F. Low-Carbohydrate diets in the
management of obesity and type 2 diabetes: a review from clinicians
using the approach in practice. Int J Environ Res Public Health
2020;17:2557.
40 Miras AD, Ravindra S, Humphreys A, et al. Metabolic Changes and
Diabetes Microvascular Complications 5 Years After Obesity Surgery.
Obes Surg 2019;29:3907–11.
41 Lindström J, Ilanne-Parikka P, Peltonen M, et al. Sustained
reduction in the incidence of type 2 diabetes by lifestyle
intervention: follow-up of the Finnish diabetes prevention study.
Lancet 2006;368:1673–9.
42 Diabetes Prevention Program Research Group, Knowler WC, Fowler
SE, et al. 10-Year follow-up of diabetes incidence and weight
loss in the diabetes prevention program outcomes study. Lancet
2009;374:1677–86.
43 Roberts S, Pilard L, Chen J, et al. Efficacy of population-wide
diabetes and obesity prevention programs: an overview of
systematic reviews on proximal, intermediate, and distal outcomes
and a meta-analysis of impact on BMI. Obes Rev 2019;20:947–63.

7

