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conventional regimen may be a result of optimal use of this regimen in specific centers.(26) At our center,
families using ‘conventional’ insulin therapy do receive multidisciplinary diabetes education, use
carbohydrate counting daily as they typically plan for a pre-determined amount of carbohydrates with
each meal, and adjust doses of their rapid insulin analogue at breakfast and dinner based upon blood
glucose levels. These site-specific factors may decrease the likelihood that the change in HbA;c seen with
IPT in our study represents factors associated with intensification or education rather than change to IPT.
Indeed, prior regimen was not significant in univariate analysis, and a sensitivity analysis further
adjusting for prior regimen showed almost identical results to the presented regression model.
Nonetheless, it must be considered that ‘intensification’ for some or all families as they moved from
injection to pump therapy could have played a role in the improvement seen with IPT. The specific
characteristics of our study population must be kept in mind when considering the change in glycemic

control that occurred with IPT.

The low percentage of youth on a multiple daily injection basal-bolus insulin regimen prior to IPT in our
study highlights a significant limitation in insulin therapy options that face youth living in regions where
schools are not able to support intensive insulin injection regimens. In such situations, IPT may well be
the only feasible option for a child to receive intensive diabetes management in the school setting. Our
study demonstrates that for youth for whom local factors dictate they are on a conventional insulin
injection routine, such as in British Columbia under the timeframe of this study, transition to IPT can lead

to improved HbA ..

Our analysis identified other factors associated with the change in HbA . after pump start. A higher age at
pump initiation, BMI Z-score and a delay in pump initiation since diabetes diagnosis were associated with
an increase in mean post-pump HbA;., compared to pre-pump mean HbA:., while male gender was

associated with decrease in mean post-pump HbA:., compared to pre-pump mean HbA:.. However, these
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were not our primary hypotheses, so these findings should be interpreted with caution. Further studies are

required to confirm these findings.

With regards to all study participants, we observed an overall decrease in HbA;. over the 18-month
follow-up period after pump initiation of 0.48% [5.2 mmol/mol]. This is consistent with two meta-
analyses in adult and pediatric populations,(29,30) as well as several studies in children,(31,32) which
demonstrated improved glycemic control with IPT. Of note, it has been shown in several pediatric studies
that HbA1c may decrease initially following pump initiation, and then gradually increase closer to baseline
when followed long-term; however, still maintaining HbA1. levels below the pre-pump
values.(18,20,33,34) One possibility for this observed effect is the increased contact and follow-up by
diabetes educators in the initial time after IPT initiation, as well as increased adherence while adjusting to

a new routine.

Strengths of this study are that it represents all insulin pump starts at a tertiary Canadian hospital over a
five-year period. Furthermore, the analysis of change in HbA1c was rigorous in that it excluded
honeymoon period HbA;. values, and used robust statistical analysis to account for longitudinal and

correlated data along with adjusting for the confounding variables.

Limitations of this study include the retrospective data collection, relatively small group size when
stratified into levels of pre-pump HbA:c, and the relatively short follow-up period of 18 months.
Additionally, as this study was not randomized, there may be unmeasured confounding. Being a single-
site study may limit the generalizability of the results to other heterogeneous populations, as the
population of this study reflects the current state of diabetes care in British Columbia during this
timeframe. Firstly, while there was universal coverage for insulin pumps, there was no universal or
private coverage for CGM. This coupled with the small number of participants in the individual pre-

pump metabolic control groups restricted our ability to adjust for CGM. However, the result from the
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regression analysis on the full cohort with and without CGM was very similar reinforcing our confidence
in the results. Secondly, there was initially no, and subsequently limited, ability for insulin administration
at school, leading most children to be on conventional insulin routines prior to IPT. Even though our
analysis adjusted for a range of potential confounding variables, socioeconomic status is as an important
co-variant which the present data set is unable to address. Additionally, we did not have information on
parental education and supplemental insurance coverage. Finally, this study excluded children who did

not have sufficient pre-pump HbA:. data available for analysis.

Our study demonstrates for the first time in a large cohort of young children the varying degree of
improvement in HbA: after IPT initiation based on the children’s pre-pump HbA;. after controlling for
other potentially confounding variables. Children who had poor metabolic control prior to IPT initiation
showed the greatest improvement, followed by those with moderate and good pre-pump metabolic
control. These results highlight that eligibility and consideration for IPT should be expanded to routinely

include children with high HbA ..

ACKNOWLEDGEMENTS

All authors were involved in study design and analysis plan, contributed to the data interpretation, and
edited the manuscript. SB collected data and prepared the first draft of the manuscript. NI conducted the
data analysis. All authors approved the final version of the manuscript and are accountable for all aspects

of the work.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

Botros S, Islam N, Hursh B. Pediatric Diabetes. 2019. https://doi.org/10.1111/pedi.12834



https://doi.org/10.1111/pedi.12834

|| UOISIO A P91dad0V || UOTISIOA P1daddYVY ||

REFERENCES

1.

The Diabetes Control Complications Trial Research Group. The effect of intensive diabetes
treatment on the development and progression of long-term complications in insulin-dependant

diabetes mellitus. N Engl J Med. 1993;329(14):977-86.

Skrivarhaug T. Norwegian childhood diabetes registry: Childhood onset diabetes in Norway 1973-

2012. Nor Epidemiol. 2013;23(1):23-7.

Shulman R, Stukel TA, Miller FA, Newman A, Daneman D, Guttmann A. Insulin pump use and
discontinuation in children and teens: A population-based cohort study in Ontario, Canada.

Pediatr Diabetes. 2016;(August 2015):1-12.

Bohn B, Rosenbauer J, Icks A, Vogel C, Beyer P, Hermann U, et al. Regional Disparities in
Diabetes Care for Pediatric Patients with Type 1 Diabetes . A Cross-sectional DPV Multicenter
Analysis of 24 928 German Children and Adolescents. Exp Clin Endocrinol Diabetes.

2016;124:111-9.

Sherr JL, Hermann JM, Campbell F, Foster NC, Hofer SE, Allgrove J, et al. Use of insulin pump
therapy in children and adolescents with type 1 diabetes and its impact on metabolic control:
comparison of results from three large, transatlantic paediatric registries. Diabetologia.

2016;59(1):87-91.

British Columbia Ministry of Health. Pharmacare: Limited Coverage Medical Supplies- Insulin
Pumps [Internet]. British Columbia Ministry of Health. 2018 [cited 2018 Aug 24]. Available from;
https://lwww?2.gov.bc.ca/gov/content/health/practitioner-professional-
resources/pharmacare/prescribers/special-authority/limited-coverage-drugs-and-medical-supplies-

insulin-pumps.

Prince Edward Island Insulin Pump Program. Applicant Eligibility for PEI Insulin Pump Program

Benefits [Internet]. [cited 2018 Sep 2]. Available from:

Botros S, Islam N, Hursh B. Pediatric Diabetes. 2019. https://doi.org/10.1111/pedi.12834



https://doi.org/10.1111/pedi.12834

|| UOISIO A P91dad0V || UOTISIOA P1daddYVY ||

https://www.princeedwardisland.ca/sites/default/files/publications/insulin_pump_program_applica

nt_eligibility.pdf

8. Nova Scotia Insulin Pump Program (NSIPP) Medical Eligibility Form [Internet]. 2017 [cited 2018

Sep 2]. Available from: https://novascotia.ca/dhw/NSIPP/documents/NSIPP-Medical-Eligibility-

Form.pdf

9. Government of Saskatchewan. Saskatchewan Insulin Pump Program [Internet]. Saskatchewan

Ministry of Health. 2011 [cited 2018 Sep 9]. Available from:
https://www.saskatchewan.ca/~/media/files/health/health and healthy living/manage your health
needs/support programs and services/insulin pump program/enhanced-insulin-pump-medical-

criteria.pdf

10.  Insulin Pump Program: Admnistration Manual [Internet]. New Brunswick Insulin Pump Program.
2019 [cited 2018 Sep 2]. Available from: https://www2.gnb.ca/content/dam/gnb/Departments/h-

s/pdf/en/Diabetes/administration-manual.pdf

11.  Alberta Health Services. Process for New Patients Interested in Insulin Pump Therapy ( IPT)
[Internet]. Alberta, Canada; 2013. Available from:

https://www.albertahealthservices.ca/assets/programs/ps-1061556-insulin-pump-process.pdf.

12.  Ontario Ministry of Health and Long-Term Care ADP. Application for funding insulin pumps and
supplies for children [Internet]. 2017 [cited 2018 Sep 2]. Available from:
http://www.forms.ssb.gov.on.ca/mbs/ssb/forms/ssbforms.nsf/GetFileAttach/014-4446-

67E~5/$File/4446-67E.pdf

13.  Wherrett DK, Ho J, Huot C, Legault L, Nakhla M, Rosolowsky E. Type 1 diabetes in children and

adolescents. Can J Diabetes. 2018;42:234—-46.

14.  Lawton J, Kirkham J, Rankin D, White DA, Elliott J, Jaap A, et al. Who gains clinical benefit

Botros S, Islam N, Hursh B. Pediatric Diabetes. 2019. https://doi.org/10.1111/pedi.12834



https://doi.org/10.1111/pedi.12834

|| UOISIO A P91dad0V || UOTISIOA P1daddYVY ||

from using insulin pump therapy? A qualitative study of the perceptions and views of health
professionals involved in the Relative Effectiveness of Pumps over MDI and Structured Education

(REPOSE) trial. Diabet Med. 2016;33(2):243-51.

15.  Ingeholm IO, Svensson J, Olsen B, Lyngsge L, Thomsen J, Johannesen J. Characterization of
metabolic responders on CSII treatment amongst children and adolescents in Denmark from 2007
to 2013. Diabetes Res Clin Pract [Internet]. 2015;109(2):279-86. Available from:

http://dx.doi.org/10.1016/j.diabres.2015.05.027

16.  Shalitin S, Lahav-Ritte T, Lebenthal Y, deVries L, Phillip M. Does the Timing of Insulin Pump
Therapy Initiation After Type 1 Diabetes Onset Have an Impact on Glycemic Control? Diabetes

Technol Ther. 2012;14(5):389-97.

17. McVean JJF, Eickhoff JC, MacDonald MJ. Factors Correlating with Improved Alc in Children

using Continuous Subcutaneous Insulin Infusion. Diabetes Care. 2007;30(10):2499-500.

18.  Pinhas-Hamiel O, Tzadok M, Hirsh G, Boyko V, Graph-Barel C, Lerner-Geva L, et al. The impact
of baseline hemoglobin Alc levels prior to initiation of pump therapy on long-term metabolic
control. Diabetes Technol Ther [Internet]. 2010;12(7):567—73. Available from;

http://www.ncbi.nlm.nih.gov/pubmed/20597832

19.  lafusco D, Confetto S, Prisco F, Lombardo F, Salzano G, De Luca F. The egg or the chicken?
Should good compliance to multi-injection insulin therapy be a criterion for insulin pump therapy,

or does insulin pump therapy improve compliance? J Pediatr. 2006;148(3):421.

20. Nabhan ZM, Rardin L, Meier J, Eugster EA, DiMeglio LA. Predictors of glycemic control on
insulin pump therapy in children and adolescents with type | diabetes. Diabetes Res Clin Pract.

2006:74(3):217-21.

21.  Nimri R, Weintrob N, Benzaquen H, Ofan R, Fayman G, Phillip M. Insulin Pump Therapy in

Botros S, Islam N, Hursh B. Pediatric Diabetes. 2019. https://doi.org/10.1111/pedi.12834



https://doi.org/10.1111/pedi.12834

|| UOISIO A P91dad0V || UOTISIOA P1daddYVY ||

Youth With Type 1 Diabetes : A Retrospective Paired Study. 2006;

22.  Mortensen HB, Hougaard P, Swift P, Hansen L, Holl RW, Hoey H, et al. New Definition for the
Partial Remission Period in Children and Adolescents With Type 1 Diabetes. Diabetes Care.

2009:32(8):1384-90.

23.  Vickers A, Altman D. Statistics notes: Analysing controlled trials with baseline and follow up

measurements. Br Med J. 2001;323(7321):1123-4.
24.  StataCorp. Stata Statistical Software: Release 14. College Station, TX: StataCorp LP; 2015.

25.  Desalvo DJ, Miller KM, Hermann JM, Maahs DM, Hofer SE, Clements MA, et al. Continuous
glucose monitoring and glycemic control among youth with type 1 diabetes : International

comparison from the T1D Exchange and DPV Initiative. Pediatr Diabetes. 2018;19(7):1271-5.

26.  De Beaufort CE, Swift PGF, Skinner CT, Aanstoot HJ, Aman J, Cameron F, et al. Continuing
stability of center differences in pediatric diabetes care: do advances in diabetes treatment improve
outcome? The Hvidoere Study Group on Childhood Diabetes. Diabetes Care. 2007;30(9):2245—

50.

27. Rosenbauer J, Dost A, Karges B, Hungele A, Stahl A, Béchle C, et al. Improved metabolic control
in children and adolescents with type 1 diabetes: A trend analysis using prospective multicenter

data from Germany and Austria. Diabetes Care. 2012;35(1):80-6.

28.  Pihoker C, Badaru A, Anderson A, Morgan T, Dolan L, Dabelea D, et al. Insulin regimens and
clinical outcomes in a type 1 diabetes cohort: The SEARCH for diabetes in youth study. Diabetes

Care. 2013;36(1):27-33.

29.  Weissberg-Benchell J, Antisdel-Lomaglio J, Seshadri R. Insulin Pump Therapy: A meta-analysis.

Diabetes Care. 2003;26(4):1079-87.

30.  Pickup JC, Sutton AJ. Severe hypoglycaemia and glycaemic control in Type 1 diabetes: Meta-

Botros S, Islam N, Hursh B. Pediatric Diabetes. 2019. https://doi.org/10.1111/pedi.12834



https://doi.org/10.1111/pedi.12834

|| UOISIO A P91dad0V || UOTISIOA P1daddYVY ||

31.

32.

33.

34.

analysis of multiple daily insulin injections compared with continuous subcutaneous insulin

infusion. Diabet Med. 2008;25(7):765-74.

Pankowska E, Btazik M, Dziechciarz P, Szypowska A, Szajewska H. Continuous subcutaneous
insulin infusion vs. multiple daily injections in children with type 1 diabetes: A systematic review

and meta-analysis of randomized control trials. Pediatr Diabetes. 2009;10(1):52-8.

Johnson SR, Cooper MN, Jones TW, Davis EA. Long-term outcome of insulin pump therapy in
children with type 1 diabetes assessed in a large population-based case-control study.

Diabetologia. 2013;56(11):2392-400.

DiMeglio LA, Pottorff TM, Boyd SR, France L, Fineberg N, Eugster EA. A randomized,

controlled study of insulin pump therapy in diabetic preschoolers. J Pediatr. 2004;145:380-4.

Sulli N, Shashaj B. Long-term benefits of continuous subcutaneous insulin infusion in children
with Type 1 diabetes: a 4-year follow-up. Diabet Med [Internet]. 2006;23(8):900-6. Available

from: http://www.ncbi.nIm.nih.gov/pubmed/16911629

Botros S, Islam N, Hursh B. Pediatric Diabetes. 2019. https://doi.org/10.1111/pedi.12834



https://doi.org/10.1111/pedi.12834

|| UOISIO A P91dad0V || UOTISIOA P1daddYVY ||

TABLES

TABLE 1: Baseline characteristics of patients included in the analysis of effects of insulin pump

therapy on HbA, divided into pre-pump metabolic control groups

Pre-pump metabolic control*

Factor

Age at Diagnosis; median

(IQR)
Gender; n (%)

Male

Female
Continuous glucose
monitoring; n (%)

No

Yes
Age at pump initiation
(years); median (IQR)
Time from diagnosis to

pump initiation (months);

median (IQR)

Height z-score; median
(IQR)

Weight z-score; median
(IQR)

BMI z-score; median
(IQR)

Insulin regimen prior to
pump therapy; n (%)

Multiple daily injections

Conventional
Pump Brand; n (%)

1

2

3

Good
(N=37)
9(6.7,11.5)

20 (54)
17 (46)

36 (97)
1(3)
11.1 (9, 14.1)

22.7 (13.5,
39.2)

0.3 (-0.5, 1.4)
0.4 (0.1, 1.4)

0.4 (-0.2, 1.3)

7 (19)
30 (81)

8 (22)
16 (43)
13 (35)

Moderate
(N=72)
6.1(2.8,10.1)

36 (50)
36 (50)

69 (96)
3(4)
10.3 (6.1, 14.4)

31.6 (16.6,
58.4)

0.2 (-0.6, 1.1)
0.9 (0.2, 1.4)

0.9 (0.4, 1.5)

14 (19)
58 (81)

13 (18)
29 (41)
29 (41)

Poor
(N=16)
2.6 (1.7,8.8)

5 (31)
11 (69)

16 (100)

11.9 (5.6, 15.8)

58 (24.5,
106.5)

0.1(-0.3, 0.6)

0.7 (0.1, 1.4)

0.7 (0.5, 1.5)

3 (19)
13 (81)

1(6)
6 (38)
9 (56)

Overall
(N=125)
7.4(2.7,10.1)

61 (49)
64 (51)

121 (97)
4 (3)
11 (6.9, 14.4)

29 (16.7,
57.3)

0.2 (-0.5, 1)
0.7 (0.1, 1.4)

0.7 (0.3, 1.4)

24 (19)
101 (81)

22 (18)
51 (41)
51 (41)

*Mean HbA:.: Good: <7.5% [<58 mmol/mol]; Moderate: 7.5-9.0% [58-75 mmol/mol]; Poor: >9.0% [>75

mmol/mol]

IQR: Interquartile range. BMI: Body mass index
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Table 2: Unadjusted and adjusted analysis from generalized estimating equation showing changes

in mean HbA. (%) before and after pump initiation

Characteristics Unadjusted mean  p- Adjusted mean p-value
change in HbA. value | change in HbA;. (%0)
(%)
Age at pump initiation 0.02 (-0.01, 0.05) 0.222 | 0.03 (0.01, 0.05) 0.002
Gender
Male -0.32 (-0.6, -0.04) 0.025 | -0.16 (-0.31, -0.02) 0.028
Female Ref Ref
Each year since diabetes -0.03 (-0.15, 0.09) 0.6 0.25 (0.10, 0.40) 0.001
diagnosis to pump
initiation
Body mass index Z- 0.19 (0.04, 0.34) 0.014 | 0.10(0.03, 0.18) 0.007
score
Insulin regimen prior to
pump therapy
Multiple daily -0.04 (-0.39, 0.3) 0.802
injections
Conventional Ref
Pump Brand
1 -0.43 (-0.76, -0.1) 0.011 | -0.12 (-0.30, -0.06) 0.192
2 -0.02 (-0.35, 0.3) 0.885 | -0.21 (-0.38, -0.03) 0.021
3 Ref Ref
Continuous glucose
monitoring
No Ref Ref
Yes -0.75 (-1.40, -0.10)  0.024 | 0.04 (-0.53, 0.61) 0.893
Insulin Pump
Pre-pump Ref Ref
Post-pump 0.08 (-0.07, 0.23) 0.303 | -0.48 (-0.64, -0.33) <0.000
1

Adjusted model was additionally adjusted for baseline HbA: to address the issue of regression towards the mean
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FIGURES

Figure 1: Adjusted changes in mean HbA;. before and after insulin pump initiation (stratified by pre-

pump metabolic control groups) from generalized estimating equations
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