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Abstract 
Background: Patients diagnosed with Type 1 diabetes mellitus (T1DM) require insulin therapy. 
Although necessary, insulin therapy is associated with an immediate increase in Body Mass 
Index (BMI). Excessive increase in BMI may lead to obesity, which is associated with both short 
and long-term negative health outcomes. The objective of this study was to determine whether 
weight change in the six months after diagnosis in children and adolescents with T1DM is 
related to obesity status at age 18. 
 
Methods: Data from the Diabetes Education Resource for Children and Adolescents database 
was used for this study. This unique database combines extensive clinical information on each 
patient with virtually universal coverage. The study population comprised all children 2-18 
years old diagnosed with T1DM by DER-CA endocrinologists in Manitoba between 1997 and 
2012 (N=377). BMI z- scores calculated from measured height and weight were used to classify 
BMI group membership using the 2000 Centers for Disease Control growth charts. Regression 
models were used to assess the association between change in BMI z-score six months after 
diagnosis, and BMI z-score at last visit prior to transfer to adult care. The models controlled for 
BMI z-score at diagnosis, sex, pubertal status and length of follow up. Additional stratified 
analyses examined sub-groups within the sample, to determine whether the effects were 
different for children with different characteristics (e.g. sex and pubertal status at diagnosis). 
 
Results: At diagnosis, 9% of the study cohort was underweight, 68% normal weight, 15% 
overweight and 8% obese. Most, (91%) but not all patients gained weight in the six months 
after T1DM diagnosis and initiation of insulin therapy. The pattern of weight change differed by 
BMI group at diagnosis, sex, and pubertal status. At last visit, average BMI z-scores for all 
groups of patients were above zero, and varied less than BMI z-scores at diagnosis. Results of 
the multivariate analytic model (adjusted R2= 0.56) show that BMI z-score at diagnosis was 
most important, followed by female sex, change in BMI z-score in the six months after 
diagnosis, the interaction between BMI z-score at diagnosis and change in BMI z-score in the six 
months after diagnosis, and duration of follow up. 
 
Conclusion: Results of this study demonstrate that patients’ BMI group, sex, and pubertal 
status at diagnosis influenced the pattern of their BMI z-score change in the six months after 
diagnosis, and thereafter. Diabetic care teams may need to monitor not only the amount of 
weight change in the period after T1DM diagnosis, but also consider BMI at diagnosis. 
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Chapter 1: Introduction and study objectives 
  

1.1 Introduction 
Diabetes mellitus (DM) is a chronic disease affecting people of all ages with a potential to cause 

serious complications1.  It is a metabolic disease characterised by high blood glucose 

(hyperglycemia) due to defective insulin secretion, defective insulin action or both1.  The 

majority of DM cases are either type 1 diabetes mellitus (T1DM) or type 2 (T2DM)2. T1DM 

occurs when the pancreas fails to produce insulin due to the autoimmune destruction of beta 

cells in the pancreas3 and T2DM mostly results from insulin resistance or insulin secretory 

defects4. The International Diabetes Federation reported that in 2013, approximately 382 

million people were affected by DM worldwide5. 

 

In Canada, an estimated 2.4 million people were living with DM in 2008/9 6,7, and the number is 

expected to grow to 3.7 million by the year 20197. T2DM constitutes 90-95% of all cases, but 

T1DM is the most common type of youth-onset DM6. Previous studies have shown that the 

incidence of T1DM has been rising in many countries over the past few decades8-12, especially in 

children under the age of five13. However, results from recent European studies suggest that 

the trends may have levelled off14-16. 

 

Contrary to the conventional belief that most T1DM patients are underweight or in the normal 

weight category at disease onset, some studies17,18  have shown that young children diagnosed 

with T1DM have a  BMI z-score equal to or greater than children from the general  population 
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of children.  Other studies have shown that young children who developed T1DM were heavier 

than controls during their pre-diabetes period19,20. Weight gain in infancy and early childhood 

as a risk factor for T1DM has been described previously21 and is further supported by 

proponents of the disputed and controversial “accelerator hypothesis”  which argues that 

T1DM and T2DM are one and the same but only distinguishable by the rate of pancreatic beta 

cell loss22.  

 

The increasing incidence and prevalence of T1DM is concerning because prolonged 

hyperglycemia is associated with complications such as cardio-vascular disease23, 

nephropathy24, vascular damage25, neuropathy26, retinopathy26,27, and  periodontal disease28.  

These complications are associated with morbidity and premature mortality. According to the 

Canadian Diabetes Association, poorly managed T1DM can shorten life expectancy by as much 

as 15 years29. However, changes in diabetes care over time have led to improved survival30,31. 

Furthermore, in 2010 the Canadian Diabetes Association estimated that the economic burden 

of diabetes in Canada was $12.2 billion, and is expected to rise as disease prevalence 

increases3.  

 

The recommended management of T1DM includes regular administration of insulin to maintain 

optimal glycemic control32-34. While essential for controlling blood glucose levels, insulin 

therapy is associated with hypoglycemia and excess weight gain, especially soon after its 

initiation35,36. Intensive insulin therapy, which is associated with increased risk of weight gain37, 

may be required to counter insulin resistance which has been reported in females and children 
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with higher than normal BMI38. Acute changes in weight after T1DM diagnosis have been 

attributed to rehydration36,39, replenishment of lost fat and lean body mass, changes in eating 

habits, and possibly the anabolic effect of insulin on lean and fat tissue40. Fear of hypoglycemia 

has been linked to compensatory overeating41 and physical in-activity42 which are both known 

to cause an increase in BMI. 

 

1.2 Statement of the problem 
Results from several studies have shown that children and adolescents with T1DM gain weight 

immediately after diagnosis35,36,40. Excess weight gain can lead to overweight or obesity which is 

known to track from childhood to adolescence and into adulthood43-45. Obesity has been linked 

to numerous chronic diseases, morbidity and premature mortality46. Childhood and adolescent 

overweight and obesity have risen significantly over the past few decades47.  T1DM patients 

gaining excess weight while on insulin may be at higher risk of becoming overweight or obese 

adults. 

 

The potential burden posed by the concurrent problems of obesity and T1DM may have 

significant consequences for patients, and their families48. Although weight gain in children and 

adolescents diagnosed with T1DM has been well documented after starting insulin therapy, 

there have not been any published studies describing its long-term consequences35,36.  Such 

findings may be helpful for informing clinical practice and diabetic education in this patient 

population.  
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1.3 Study objective(s) 
The objectives of this study were: 

1. To document the prevalence of underweight, normal weight, overweight, and obesity in 

a cohort of youth diagnosed with T1DM in Manitoba. 

2. To assess and describe patterns of change in weight (BMI z-score) in the six months 

after diagnosis with T1DM.  

3. To examine if the change in BMI (z-score) within six months of diagnosis of T1DM in 

children and youth is associated with obesity at age 18.   

1.4 Hypotheses 
1. After controlling for other factors, a change in Body Mass Index (BMI) in the 6 months 

after diagnosis of T1DM is not associated with obesity at age 18.  

2. The pattern and magnitude of weight change after diagnosis is similar among all 

children and adolescents with T1DM.  

1.5 Assumptions 
The key assumptions for this study include: 

1. BMI z-score is a valid measurement of adiposity in children and adolescents.  

2. The BMI z-score for the study population are normally distributed.  

3. The 2000 Centres for Disease Control (CDC) growth charts provide valid reference data 

for assessing BMI group membership among Canadian children and adolescents 

diagnosed with T1DM.  
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Chapter two: Literature review 

2.1 Epidemiology of youth onset T1DM 
Several49-52, but not all53-56, population-based registries show an increasing incidence of youth 

onset T1DM over time57. Lack of accurate data, insufficient reporting and geographical 

variations in reported estimates make accurate analysis of global incidence of youth onset 

T1DM challenging50,58. Large epidemiologic studies reporting on data from the 1980s onwards 

indicate that the global incidence of T1DM has been increasing by 2% to 5% annually59-61. In 

particular, the increase in the incidence of T1DM in the very young (0-4 years) has been 

reported in Europe and North America in recent decades57,64.  However, results from recent 

European studies, suggest that this trend may be levelling off14-16. Onset of T1DM is typically 

before 20 years of age, with a peak incidence between the ages of 10 and 1458,60,62, but it can 

also occur later in life63.  

2.2 Incidence of T1DM 
Generally defined as the number of new health-related events in a defined population within a 

specified period of time, disease incidence can be measured as a frequency rate, count or a 

proportion65. A key report by the International Federation of Diabetes estimated that there 

were 79,100 new cases of T1DM among children between the ages of 0-14 years in 2013 

alone5. Average annual age-standardized incidence rates in Europe between 1989 and 2003 

ranged from 4.7 per 100, 000 in Romania to 39.9 per 100,000 in Finland59. In the United States 

of America, overall annual incidence of T1DM among children 0-10 years was estimated to be 

19.7 and 18.6 per 100,000 among 10- 19 years between 2002 and 200566. 
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 In Canada, accurate estimates of the incidence of T1DM among children and adolescents are 

not available6,7. However a 2009 report by the International Diabetes Federation , used  reports 

from provincial estimates and reported that the incidence of TIDM among 0-14 year old 

Canadian children was 21.7 per 100,00067. A report from Newfoundland and Labrador, 

estimated a T1DM incidence rate of 49.9 per 100,000 per year among 0-14 year olds68. An 

earlier study from Manitoba in 1997 based on data collected between 1985 and 1995, reported 

an annual incidence of 20.4 per 100,000 among 0-14 year old children69. Diabetes Education 

Resources for Children and Adolescents (DER-CA)’s 2012 annual report provides the most 

recent and accurate incidence of TIDM among children and adolescents in Manitoba70. 

Between 2008 and 2012, there were 300 new cases of youth onset T1DM in Manitoba with an 

average of 60 new cases per year70. Based on these statistics, the annual incidence of TIDM in 

Manitoba for this period was 15.53 per 100,000. 

2.3 Prevalence of T1DM 
Prevalence is the measure of occurrence or disease frequency, often used to refer to the 

proportion of individuals in a population at a particular time or period who have a disease or 

condition65,71. It is a proportion whose types include annual, point and period prevalence65. The 

few studies that have examined the global prevalence of T1DM among children and 

adolescents show that the prevalence of T1DM is increasing58,59.  In 2011, it was estimated that 

490,000 children younger than 15 years had T1DM worldwide58. Prevalence of T1DM among 

European children 0-15 years of age is predicted to rise from 94,000 in 2005, to 160,000 in 

202059. In the USA, it was estimated that in 2001 the prevalence of T1DM among youth (<20 

years) was 1.54 per 100072.  
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Accurate estimates among Canadian children are not available6, although in a 1997 study, 

Blanchard and associates reported a point prevalence of 1.24 per 1000 among children in 

Manitoba69. Dart (2010), reported a 1.57 per 1000 prevalence estimate for youth onset T1DM 

in Manitoba73.  DERCA’s 2012 annual report provides the most recent prevalence estimates for 

youth onset T1DM in Manitoba70. On average, there were 505 cases of T1DM in Manitoba 

during the period 2008-2012 representing annual prevalence of 1.31 per 1000. 

2.4 Pathophysiology 
T1DM is a chronic disease that results from autoimmune destruction of the insulin-producing 

Beta cells in the pancreas6,74,75, usually leading to absolute insulin deficiency1. The clinical onset 

of T1DM is preceded by the appearance of autoantibodies against beta cell antigens76. This 

immune response may produce secondary and tertiary immune responses that contribute to 

the impairment of beta cell function and destruction75.  

 

Once beta-cell function is impaired, the resulting lack of insulin, a hormone that is central to the 

metabolism of carbohydrates and fats74,77, leads to excessively high blood glucose levels, along 

with a potential for other deleterious health outcomes including micro and macrovascular 

complications9,78. A number of hypotheses have linked environmental risk factors (due to 

seasonal variations in incident cases), diet, viral infections, and genetic predisposition to 

T1DM64,74,79,80. 

2.5 Diagnosis  
T1DM often present with unexplained weight loss, increased volume of urine (polyuria), and 

increased thirst (polydipsia)81,82. Additionally, high levels of sugar in the urine (glycosuria), 
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excessive hunger (polyphagia), inability to control urine (enuresis), hyperglycemia, generalized 

body malaise and diabetic ketoacidosis (DKA) may be present at diagnosis4,81,83. The diagnostic 

criteria for T1DM is based on thresholds of glycaemia and diagnosis is made on the basis of a 

fasting plasma glucose (FPG) ≥ 7.0 mmol/L; or casual plasma glucose  (CPG) ≥ 11.1 mmol/L in 

addition to symptoms of diabetes1,82. Individuals presenting with typical symptoms of T1DM 

should initiate insulin therapy without delay, however those who present with no symptoms 

but suspected to have T1DM, should have a repeat test on a second day to confirm the 

diagnosis82. 

2.6 Complications and consequences of T1DM 
Youth onset T1DM is associated with both short term and long term complications84,85. Acute 

complications such as DKA and severe hypoglycaemia have been known to cause morbidity and 

mortality82,86. DKA is a potentially life threatening acute complication of  T1DM which is 

characterized by a biochemical triad of hyperglycemia, abnormally high amounts of ketones in 

the urine (ketonuria) and low blood pH (acidemia)87. DKA is caused by a decrease in effective 

circulating insulin associated with elevations in counter-regulatory hormones88. Delays in the 

diagnosis of T1DM and omission of insulin are the major causes of DKA in children and 

adolescents87. A previous study reported that participants who presented in DKA at diagnosis 

had lower BMI than those without DKA although the differences were not statistically 

significant35.  At the other end of the spectrum is another potential complication, 

hypoglycaemia which can be caused by inadequate caloric intake, excessive insulin dosage or 

inadequate preparation for physical activity but often the cause cannot be determined84. Fear 
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of hypoglycemia may interfere with an individual’s ability to achieve optimal glycemic targets84, 

while a severe episode can predispose the individual to further episodes89.  

 

 As the disease process progresses, microvascular and macrovascular complications become 

dominant and more concerning86,90. Micro-vascular complications of T1DM are characterised by 

damage to the kidneys, retina, and neurons91. The presence of microvascular complications as 

well as hypertension, and dyslipidemia are risk factors for future macrovascular 

complications92. The most common macrovascular complications of T1DM include 

cardiovascular disease, stroke and peripheral artery disease84,85,92. T1DM complications have 

also been linked to poor quality of life93,94, and premature mortality 91.  

 

2.7 Management of T1DM 

2.7.1 Insulin therapy 
The main priority in managing T1DM is to achieve optimal blood glucose levels: known to delay 

the onset or prevent both micro and macrovascular complications of diabetes1,95-97. Near-

normal blood glucose levels can be achieved by regular administration of insulin, the mainstay 

in medical management of T1DM1,82. Insulin therapy aims to mimic the natural pattern of 

insulin secretion by the pancreas as closely as possible to maintain stable blood glucose 

levels42,98. The choice of insulin regime depends on many factors, including the child’s age, 

duration of diabetes, family lifestyle, socioeconomic factors, and family, patient, and physician 

preferences1,82.  
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Soon after diagnosis, a patient may achieve optimal glycemic control with modest insulin 

dosage (a time often referred to as the honeymoon period). After this initial period of varying 

duration, intensive insulin may be required to maintain better glycemic control1. Intensive 

insulin therapy (IIT) or Flexible Insulin Therapy (FIT) delivered as insulin analogues attempts to 

simulate physiological insulin needs more closely, providing independently both basal insulin 

and meal insulin requirements and allows for rapid adjustment of each component97. Insulin 

analogues were introduced as part of standard clinical practice in 2001 and may affect the 

pattern and trajectory of weight change among children with T1DM in a way that differs from 

those using regular insulin which was the standard of care practice prior to the introduction of 

analogues99. The long acting insulin analogue detemir has been reported to cause less weight 

gain than other insulin regimens100. While it is recommended and known to achieve better 

glycemic control101, intensive insulin therapy in patients with T1DM is also associated with 

significant weight gain especially in the period immediately after its initiation102,103.  

2.7.2 Diabetes education 
Dealing with the diagnosis of a life-long condition such as T1DM with requirements of multiple 

daily injections, regular monitoring, and risk of complications, can be daunting for the patient 

and their family42. Carefully planned and empathetic education is therefore important in the 

period soon after diagnosis and thereafter104. Evidence from previous studies suggests that 

education about the disease, glucose monitoring, complications, and insulin regimens, how to 

self-manage diet and the expected challenges to the patient and their family is associated with 

reduced hospitalizations, emergency room visits, and overall costs105. Ideally, a team of 

professionals including a physician, nurse, dietician, physical activity/exercise specialist and a 
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mental health professional will comprise the diabetic education team for children and 

adolescents82,106.  Education should be developmentally and age appropriate, culturally 

sensitive and individualized to the needs of each patient and their family82,107.   

  

2.7.3 Diet 
Nutrition management is an important aspect of diabetes care but there is little scientific 

evidence to support specific diabetic diets41. The Canadian Diabetes Association Clinical Practice 

Guidelines1 as well as other key reports recommends that children with diabetes should follow 

the same healthy diet as all other children without diabetes41,108,109. Although they endorse the 

regular healthy diet approach, an international report emphasised the need for more research 

into diet requirements for youth with T1DM41. On the other hand, the American Diabetes 

Association wrote a position statement recommending Medical Nutrition Therapy (MNT)110. 

They advocate maintenance of a balance between carbohydrate intake and insulin levels to 

achieve near-normal blood glucose levels110. Furthermore, the recommendations seek to 

reduce the risk of youth overweight and diabetes-related co morbidities, including dyslipidemia 

and cardiovascular disease. Silverstein and associates, posit that this can be accomplished 

through individualized meal planning, flexible insulin regimens and algorithms, self-monitoring 

of blood glucose (SMBG), and education promoting decision-making based on documentation 

and review of previous results82. Additionally, consultation with a pediatric dietician with 

experience in managing diabetes is often recommended for counselling and MNT41,82,108. A 

primary component of medical nutrition therapy in T1DM is the development of individualized 

meal plans that integrate insulin regimen and carbohydrate estimation into the family’s 



 

12 
 

lifestyle, conforming to preferred meal routines, food choices, and physical activity 

patterns41,109.  

2.7.4 Exercise 
Exercise, a subset of physical activity that is characterized by planned and purposeful 

training111, is increasingly considered a critical component of a healthy, balanced lifestyle, 

which helps to prevent, delay, or limit some common chronic diseases112.  Regular physical 

activity is recommended for optimal management of T1DM1,113 because it is associated with 

improvement in insulin sensitivity, controlling BMI and lipid profiles; boost self-confidence; 

improve psychological health and most importantly, optimize long-term protection against 

cardiovascular disease90,114. While regular exercise is recommended and now integral in the 

management of T1DM, there is a risk of exercise-induced hypoglycemia fear which is a constant 

threat to adherence for patients with diabetes90,115. To prevent or reduce episodes of 

hypoglycemia, T1DM patients must ensure adequate carbohydrate intake before and after 

physical activity.  Patients may also reduce the doses of their regular and rapid acting insulin 

and frequently self-monitor their blood glucose116. In some cases, the fear of exercise-induced 

hypoglycemia results in compensatory overeating41,117, and/-or reduced participation in 

physical activity which are both independently associated with weight gain42. 

2.8 Previous studies on insulin-induced weight gain in youth diagnosed with T1DM  
A number of studies have examined BMI changes in children and youth with T1DM. Domargard 

et al examined changes in height and weight among a group of children and adolescents (2-17 

years old), with T1DM (n=89) transferring from pediatric to adult care, and compared it to a 

similar sized control group of sex and age matched youth without T1DM118. They obtained 
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longitudinal measurement data on 85% of the children with diabetes from diagnosis to the age 

of 18. A school nurse randomly recruited a control group of 89 adolescents whose height and 

weight measurements were obtained at the school. Both groups were further subdivided into 

pre and post-pubertal using age at maximal growth velocity which occurred at 11 for females 

and 13 for males. Data collected yearly for patients with pre-pubertal onset of T1DM (N=50) 

was retrospectively analysed up to the age of 18. Prospective longitudinal data were also 

obtained for 65 participants between the ages of 18-22. A Stadiometer was used to measure 

height at the age of 18 and during follow up and BMI was calculated as weight/ (height2).  

 

At 18, females with T1DM had a higher BMI than the controls: 33% of females with T1DM 

versus 4.3% of controls had a BMI above the 90th percentile. T1DM females had mean weight 

6.5 kilograms higher than controls at 18. Between ages 18 and 22, females without T1DM had a 

significant (3.2 kilograms) weight increase compared to only 1.6 kilograms for those with T1DM. 

There were no significant differences in weight increases between T1DM males and controls at 

18 or during follow up between the ages of 18 and 22. Only 8% of the 18 year old males with 

diabetes had a BMI above the 90st percentile for age. Domargard and associates noted that 

while the sex difference in weight development could not be explained by their results, they 

speculated that hormonal differences may have contributed to the differences observed given 

that most of the weight-gain was observed in females after menarche118. 

 

Results from this study provide insights on weight gain in youth diagnosed with T1DM but 

important methodological shortcomings need to be noted. Although the study reports that 
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reliable measurement data from diagnosis to age 18 were obtained, neither their source nor 

collection methods are described in the study. For example, the equipment and processes used 

for weight measurement were not specified. The trajectory of weight gain in the period 

immediately after diagnosis and initiation of insulin was not reported, despite evidence   in the 

literature showing that rapid weight gain in this population occurs during this period35,36. 

Failure to describe recruitment of the controls raises concerns about their representativeness.  

 

Newfield et al examined longitudinal changes in weight and BMI in the period after T1DM 

diagnosis (≈7 months)35. They retrospectively obtained data for 136 subjects (0-18 years of 

age), who were admitted at the time of diagnosis. The average age at diagnosis was 9 ± 4.5 

(mean ± SD) and 44% of the study participants were female. The average BMI z-score at 

diagnosis was -0.23 with no statistically significant sex or age differences:  14.6% of participants 

were overweight and 7.7% were obese. 

 

Results showed a rapid increase in weight and BMI z-score, with significant differences by as 

early as two weeks post diagnosis. BMI z-score reached plateau at 10 weeks, with the mean 

BMI z-score of 0.86. There was no statistically significant difference in BMI z-score or 

percentage of weight change by sex, age or pubertal stage. Participants who presented in 

diabetic ketoacidosis at diagnosis tended to have a lower BMI z-score (-0.6) than those without 

DKA (-0.18).  Varying post diagnosis visit intervals, and the retrospective nature of the data 

presented were noted as limitations in this study35. While rates of overweight and obesity at 
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diagnosis were noted, the prevalence of underweight was not reported although literature 

suggests that loss of weight is a classic presentation in T1DM.  

 

Davis et al evaluated body composition changes after diagnosis of T1DM and markers of 

cardiovascular risk36. Thirty subjects between the ages of 0-18, who were within 1 week of 

T1DM diagnosis and fourteen controls were prospectively recruited. The controls were age and 

sex matched, recruited from friends and siblings of the subjects and had measurements on two 

occasions one year apart. There were no height differences between subjects and controls at 

diagnosis or 1 year later. At diagnosis, T1DM patients had significantly lower BMI z-score (-0.67) 

than the controls (0.20), and reduced percentage body fat: 20.3% vs. 24.5%, but after 6 weeks 

of insulin therapy, those differences were no longer significant. Females with diabetes had a 

significantly lower BMI z-score (-1.64) than males (-0.02) at diagnosis and at 1 year post 

diagnosis. Females with T1DM had a significantly higher HbA1c compared to males despite 

receiving a higher insulin dose/kg body. Davis and associates attributed the females’ higher 

HbA1c at 1 year after diagnosis to increased insulin resistance among the females. HbA1c at 

diagnosis was correlated with the post-diagnosis increase of body fat in grams (r=0.60, p<0.05) 

and BMI z-score (r=0.57, p<0.05)36. 

 

This study was limited by the small number of controls. Long term consequences of insulin 

therapy on body composition were not explored past 1 year from diagnosis. This potentially 

limits the validity of inferences that can be made from the study about true cardiovascular risk 

given the length of time that it may take from exposure to risk manifestation. 
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de Vries and associates assessed the patterns of weight gain and BMI changes following T1DM 

diagnosis in pediatric patients and identified factors associated with a higher BMI40. The cohort 

was comprised of 209 patients (0- 18 years old; mean age 9.2 ± 4.3), were diagnosed with 

T1DM between 2000 and 2004 and followed regularly for 6 years. They excluded participants 

with any condition or on medications that are known to independently affect weight gain.  

Measurement data collected ≥ 1 year(s) prior to diagnosis, at a community clinic were available 

for 64% of the participants. Weight standard deviation scores (Wt-SDS), height standard 

deviation scores (Ht-SDS), BMI, and BMI z-score were calculated for participants, their parents 

and siblings. Overweight and obesity rates; defined using the National Center for Chronic 

Disease Prevention and Health Promotion119
 criteria, were calculated 6 years post diagnosis and 

compared to the USA National Survey for 7th and 12th grade children. 

 

For T1DM patients, their BMI-SDS at diagnosis was significantly lower than pre-diagnosis, but 

rapidly increased predominantly in the first 2 weeks and peaking at 3 months post diagnosis. At 

their peak, BMI-SDS and Wt-SDS were found to found to be significantly higher than pre-

diabetes onset. Although the weight and BMI changes stabilized between 6-12 months post-

diagnosis, at 6 years follow up, the BMI-SDS were significantly higher than at 6 months after 

diagnosis40. Unlike the study by Davis et al36, de Vries and associates found that the BMI z-score 

for males and females at diagnosis were similar, and declined to a nadir at 6 months for females 

and 12 months for males40. Increases in BMI z-score between 3-6 years was only observed in 

females and at the 6 year follow up, females had a significantly higher BMI z-score than their 
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male counterparts.  Comparisons between the patients and National Survey results for same 

ages indicated that overweight but not obesity was significantly higher among participants. 

 

Another study by Sandhu and associates examined the prevalence of overweight and obesity in 

children and adolescents with T1DM and compared this to a control group consisting of 565 

children of the same age group48. They conducted a retrospective review of medical charts for 

390 children with T1DM between the ages of 6 and 16 years. Children with other 

endocrinopathies such as type 2 diabetes, cystic fibrosis and celiac disease were excluded from 

the study. Age, sex, date of diagnosis, weight and height were collected. The children were 

divided into pre-pubertal (6-9.99 years), pubertal (10-13.99 years) and post-pubertal (14-15.99 

years).  The Centers for Disease Control (CDC)’s growth charts were used to define overweight 

and obese status, and BMI values were converted to BMI-z score119,121,122.  At baseline, there 

was a statistically significant difference in mean age between the T1DM and control groups48.  

 

Sandhu and associates found a significantly higher prevalence of overweight but not obesity 

among the T1DM group compared to the controls48. The higher prevalence of overweight 

among T1DM patients increased with age and was more marked in females. Their finding is 

similar to that by de Vries and others who also found the prevalence of overweight but not 

obesity among T1DM patients to be higher than the controls. 

 

In a recent multi-centre observational study, Frohlich-Reiterer et al evaluated the predictors for 

increasing BMI in children and adolescents with T1DM (n= 12,774) during the course of the 
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disease123. They included patients diagnosed with T1DM for more than 6 months, documented 

BMI at T1DM onset, negative antibody screening for celiac disease, and documented BMI and 

insulin therapy during follow up. Patients were put into groups based on diabetes duration and 

age groups. BMI z-score were used and weight status classification was based on national 

criteria established for children and adolescents in Germany. They applied linear mixed 

longitudinal regression models using a repeated measurement design to assess predictors of 

weight change during the course of diabetes. 

 

Female sex, age at T1DM onset, low BMI at diabetes onset, intensified insulin therapy and 

higher insulin dose, pubertal diabetes onset, and long diabetes duration were significant 

predictors of weight gain in children and adolescents during the course of diabetes. This multi-

centre observational study was limited by lack of data on daily caloric intake of patients, and 

physical activity levels which can independently affect BMI123. 

2.9 Overweight and obesity 
Obesity is generally defined as the abnormal or excessive accumulation of fat in adipose tissue 

to the extent that health may be impaired124. Power and associates suggested that an ideal 

measure of body fat should be accurate in its estimate of body fat; precise, with small 

measurement error; accessible, in terms of simplicity, cost and ease of use; acceptable to the 

subject; and well documented, with published reference values125. None of the current 

measures of body fat satisfies the above criteria126. Direct measurement of body fat is 

preferable to indirect measurement but it is not used frequently because of inaccessibility and 

other shortcomings126,127.   
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Ideally, direct measurement of body fat would be done by methods such as underwater 

weighing, dual-energy X-ray absorptiometry (DEXA), magnetic resonance imaging (MRI) and 

computed tomography (CT)126,128. However, these methods are very costly and therefore not 

easily accessible and are not used in daily practice128. For this reason, obesity is often assessed 

by indirect estimates of body fat129. In large-scale population surveys and clinical/public health 

screening, an index of body weight adjusted for stature is commonly used as a surrogate for 

body fat content128,130. The most widely used index of relative adiposity is Quetelet’s index, 

better known as body mass index (BMI)128.   

2.10 Overweight and obesity in children and adolescents 
Determining weight status and level of adiposity in children and adolescents is more 

challenging because of rapid growth and physical development with significant changes in 

height and body composition during this maturation period128. Classifying overweight or obesity 

according to a single measure in children and adolescents is therefore difficult and potentially 

more susceptible to measurement error128. In addition, according to the World Health 

Organization, “international or regional weight status standards for children and adolescents 

may be less reliable as the age of onset of puberty and its associated physical changes often 

varies between different countries, ethnic groups or cultures”124. Because of these challenges, 

where possible, combining results from common anthropometric measures such as skin folds, 

waist circumference and BMI is often recommended131. However, due to resource and time 

constraints, BMI is the most commonly used method for estimating incidence and prevalence of 

overweight and obesity in children and adolescents128.  
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2.11 Body Mass Index  
BMI: (weight (kg) /height squared (m2)), is the most convenient and practical way of estimating 

relative adiposity at the population level among children, adolescents and adults126,132. It was 

first developed for use in measuring adiposity in adults133 but in recent years, 

several124,126,134,135 but not all136,137 studies have recommended its use to estimate childhood 

and adolescent overweight and/or obesity. Like any other surrogate measure, using BMI to 

estimate relative adiposity has its own limitations138,139 especially when used for children and 

adolescents140,141. The accuracy of BMI as a measurement of adiposity relies to some extent on 

the skills of the measurer126,142.   

 

Unlike in adults, BMI varies substantially by age and sex during childhood and 

adolescence143,144, therefore it needs to be evaluated against age and sex-specific reference 

values126,141. Some studies have also indicated that BMI varies by race and maturation stage145-

147.  Because of the these reasons, BMI values need to be further transformed into a common 

footing such a z-score or percentile when being used for pediatric populations 141,143. BMI z-

score or percentiles represent a measure of weight adjusted for sex and age143.  In most cases, 

BMI z-score will be used to estimate adiposity in children and adolescents relative to local or 

international reference data or growth charts142.  However, the main challenge to investigators 

is to choose the set of growth charts or reference data that is most appropriate for the 

intended purposes for which the BMI data will be used142.  
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2.12 Reference Data for measuring adiposity in children and adolescents 
Reliable reference data or growth charts have to be used when BMI z-score are used to 

estimate adiposity in children and adolescents142.  Three internationally recognized growth 

charts (International Obesity Task Force, Centres for Disease Control and World Health 

Organization), are often used for reference when dealing with children and adolescents. Results 

from previous studies comparing the three international growth charts have shown different 

estimates of overweight or obesity status148,149.  

 

The International Obesity Taskforce (IOTF) sponsored a workshop with a goal of establishing a 

standard definition for child overweight and obesity worldwide150.  An international survey of 

six large nationally representative growth studies was conducted involving close to 200,000 

subjects. Centile curves for BMI were constructed for each dataset by sex, and superimposed 

on each other leading to clusters of centile curves that passed through adult cut-off points at 

the age of 18150.  

 

In 2006 and 2007, the WHO created growth charts for children (0-5 years)151, and thereafter for 

those 5-19 years of age152. These charts were constructed using three datasets with a sample of 

30, 000 subjects, which were adjusted for age, and sex. Subjects with biologically implausible 

height and weight values were excluded from the analyses. Cut-off points were made using 

standard deviations from the WHO standard median152. The growth charts developed by the 

Centres for Disease Prevention and Control (CDC) in 2000 were used for this study121. The CDC 

growth charts were developed using USA data from nationally representative surveys. These 
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growth charts were adjusted for age and sex, with cut-offs that correspond to specified 

percentiles which classify individuals as underweight, normal weight, overweight, and obese121.  

2.13 Epidemiology of childhood overweight and obesity 
Several studies47,152-155 including a key international report from the World Health Organization 

156 have described childhood obesity as one of the most serious public health challenges of the 

early 21st century due to its association with premature mortality157-160, morbidity161-163 and the 

development of non-communicable diseases (NCD) in adulthood164-166.  Childhood overweight 

or obesity has complex determinants that include socio-demographic, environmental, 

psychological, technological, behavioural and biological factors, all operating at individual, 

family and societal levels167-170.  

 

Global estimates show a continued rise in prevalence171,172, although a recent study suggested 

that rates may have plateaued173. Approximately 43 million (7%) children under the age of 5 

were estimated to be overweight or obese in 2010153,174,175. This represented a 35% increase 

from 28 million in 1990, and projected to reach a prevalence of 9.9% by 2025 if current trends 

continue171. Prevalence is highest, in high income countries, where in 2011, it was estimated 

that 15% of school-aged children were overweight171.  Global overweight and obesity estimates 

are variable and may over or underestimate prevalence due to numerous and inconsistent 

measurement methods which are known to yield different results148,149. The 2009-2011 

Canadian Health Measures Survey148 identified 19.8% of Canadian children ages 5-17 years as 

overweight, and another 11.7% as obese176. Similarly, a 2007 study in Manitoba found that 22% 

of children were overweight and 9% were obese177.  
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2.14 Childhood overweight or obesity and the risk of T1DM 
While most studies have historically documented a positive correlation between childhood 

obesity and the risk of type 2 diabetes mellitus178-181, evidence from recent studies suggests an 

association between childhood obesity and T1DM21,182,183. The suggestion that T1DM may be 

associated with childhood overweight or obesity was first made by Baum and associates in 

1975184, and later re-visited as clinicians and epidemiologists noted the simultaneous rise in the 

incidence of T1DM and obesity in children183.  The concept of weight gain as a risk factor for 

T1DM was further expanded (although contested), by the “accelerator hypothesis”22 which 

argues that just like in the case of T2DM,  insulin resistance which results from excessive weight 

gain and physical inactivity is partly responsible for the recent increase in incidence of T1DM22. 

Because secular trends show increasing rates in both obesity and T1DM among children over 

time182, year of diagnosis and subsequent initiation of insulin therapy need to considered when 

evaluating trends of insulin-induced weight in this patient population. 

 

Libman and associates compared the prevalence of overweight in black and white children and 

adolescents at the onset of T1DM during two time periods (1979-1989 and 1990-1998)18. 

African-American children (N=130) were sex and age matched to an equal number of their 

white counterparts. Participants were included if they had been assessed by a physician to have 

insulin-dependent diabetes, below the age of 19, and being treated with insulin therapy at the 

time of discharge from hospital. Cases of secondary and T2DM diagnosed on the basis of clinical 

criteria were excluded from study. Demographic and clinical data such as date and age at onset, 

sex, race, height, weight, family history of diabetes presence of DKA were obtained from 
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reviewing medical records. Overweight classification was made based on the CDC’s 2000 

centiles.  

 

The study found a 20 year combined prevalence of overweight and obesity to be 27.5% with no 

significant sex difference. Overweight obese rates were significantly higher among black 

participants as was among those with post-pubertal (≥ 11 years) onset of T1DM. Overweight 

prevalence increased threefold from 12.6% in the 1980s to 36.8% in the 1990s. 

 

A systematic review by Verbeteen and others sought to synthesize published literature on the 

potential association between childhood obesity and subsequent T1DM183.  This review 

included peer reviewed articles whose exposure variable was obesity, BMI or another variable 

of weight-for height assessed after birth up to age 18 and the outcome was T1DM. Eight case 

control studies and one cohort study met their inclusion criteria. Four studies reporting results 

for childhood obesity as a categorical variable were pooled, meta-analysed and showed a 

positive association between childhood obesity and subsequent T1DM. Eight of the nine 

included studies individually reported a significant increase in risk or positive association 

between childhood obesity and T1DM in at least one group. The review was limited by wide 

variability in age groups at which the exposure variable was measured, and that all studies in 

the review were conducted in European183. The relevance of childhood obesity to T1DM risk in 

children of non-European origin is less clear.  
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Kaminski and associates compared the distribution of BMI among children developing T1DM to 

the general population and examined factors associated with BMI at the onset of T1DM185. 

Children between 2 and 18 years (N=490) enrolled in the Pediatric Diabetic Consortium were 

included in the study. Their BMI at diagnosis was compared with the general population and 

weight status was classified using the 2000 CDC population centiles as reference data121,186. 

Clinical and socio-demographic data were either retrieved from medical charts or obtained 

through interviews of the patients or their parents. To be included, participants had to have a 

clinical diagnosis of autoimmune T1DM with height and weight having been measured by a 

health care provider within fourteen days of diagnosis. Age at diagnosis, presence of diabetic 

ketoacidosis, weight, height, Tanner stage and HbA1C measured within fourteen days of 

diagnosis were considered the clinical characteristics of interest at baseline. Analyses were 

performed with truncated data (±3 standard deviations) to verify that outliers did not have 

undue leverage. 

 

Mean age at diagnosis was 9.5 years with an overall median BMI of 48th percentile. Although 

overall, the T1DM patients had a slightly lower BMI compared to the general population, 11% 

were classified as overweight, 8% obese and 2% severely obese. Ethnicity (African America and 

Hispanic) as well as a lower HbA1c were associated with a higher BMI z-score at diagnosis while 

age, Tanner stage and DKA were not. Stratification by sex showed females but not males had 

significantly lower BMI than the 2000 CDC population.  
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2.15. Physical maturation and puberty for males and females 
Results from previous studies indicate that puberty, a period characterised by physical 

maturation and the development of secondary sex characteristics 187,188 occurs at different ages 

for males and females189,190. It has also been previously reported that during puberty, females 

gain more fat cells than lean muscle mass while the opposite is true for males123,191. 

Furthermore, McCarthy et al reported that females gain more fat cells throughout life which 

predisposes them to pre-pubertal insulin resistance more than males192. Due to these 

differences, patterns of weight change for males and females may be different over time. These 

differences are important to consider when assessing any weight change that may be 

associated with initiation of insulin for T1DM patients. 
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Chapter 3: Study materials and methods 
 

3.1 Description of Geographical area (Manitoba) 
Manitoba is the most eastern of the Prairie Provinces. It borders the North West Territories and 

Nunavut to the north, Saskatchewan to the west, Ontario to the east and the United States of 

America to the south. In 2011, Manitoba’s population was 1,208,268 representing 3.6% of the 

total Canadian population. The total number of children ages 0-18 was 386,400, representing 

32.0% of Manitoba’s population. Manitoba covers 552,329 square kilometres and is divided 

into five regional health authorities (RHAs) responsible for the delivery and administration of 

health services in specific geographical areas (Figure 1)193. Between 2002 and 2012, Manitoba 

had 11 RHAs, which were amalgamated into the five larger areas shown in Figure 5. A large 

proportion (54.9%) of people in Manitoba lives in Winnipeg, the provincial capital, where the 

Diabetes Education and Resource for Children and Adolescents (DER-CA) is located at the 

Health Sciences Centre Children’s Hospital.  
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Figure 1: Map of Manitoba's five Regional Health Authorities 
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3.2 Description of data source 
The Diabetes Education Resource for Children Adolescents (DER-CA) is located within the 

Children’s Hospital of Winnipeg, at the Health Sciences Centre. The children’s hospital is the 

only tertiary care pediatric referral centre for Manitobans, and also serves residents of 

northwestern Ontario and some from Saskatchewan73. Since 1986, the DER-CA program has 

maintained a comprehensive clinical database for all patients, representing a unique data 

resource because of the combination of the extensive clinical information on each patient 

(including measured height and weight) and the virtually universal coverage of the system.  This 

study used the de-identified version of this database housed in the data repository at the 

Manitoba Centre for Health Policy (MCHP).  

 

For all children and adolescents diagnosed with T1DM in Manitoba, diabetic treatment (insulin 

therapy) is initiated at DER-CA and on the few occasions that it is started elsewhere; clinicians 

at DER-CA are consulted on the initial regimen and dosage. DER-CA began to capture clinical 

data electronically on scheduled visits in 1993 and more consistently by 1997. Previous reports 

demonstrated that the DER-CA database ascertainment for incident cases of children with 

T1DM is 95-99 percent69,194.  
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3.3 Data Collection methods 
Measurement data was collected at every clinical visit by a trained nurse assistant. Patients are 

seen by clinicians on a quarterly basis (every 3 months) where individual heights and weights 

were measured using a calibrated Stadiometer. Patients were measured in bare feet, and in 

minimal clothing. In addition to these measurements, laboratory tests including HbA1c and 

insulin regimen are collected at every visit, although not consistently. One individual is 

responsible for entry of all chart data into the DER-CA electronic database.  

3.4. Inclusion and exclusion criteria 
The study population is comprised of children and youth in the DER-CA database diagnosed 

with T1DM between 1997 and 2012 by DER-CA pediatric endocrinologists; this included 1056 

cases. The following exclusion criteria were then applied: 

- Under age 2, or over age 18 years at diagnosis  

- Followed at DER-CA for less than 6 months after diagnosis 

- Did not reach at least age 16 before the end of the study period  

- Those immigrating to Manitoba after initial diagnosis 

- Those with biologically implausible BMI values (BMI z-score: <-4 or > 5) as defined by 

CDC growth charts at diagnosis195,196.  

A total of 440 patients met these criteria. An additional 61 patients were excluded because they 

did not have data recorded for a visit near the six month mark – which was used to define the 

initial weight change phase. These 61 patients did not differ significantly from the final sample 

of 379 in terms of age, sex, pubertal status or BMI Z-score at diagnosis. 
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3.5 Measurement of BMI 
For children and adolescents, BMI measurement is adjusted for age and sex and compared to 

reference data using one of the three internationally recognized standard measures119,150,151.  

For this study, weight status was assessed using the sex and age adjusted BMI cut offs 

established by the CDC growth measures in 2000. The CDC growth charts are recommended by 

various professional organizations197 as well as a previous study148 for use in Canadian children 

and adolescents, and have been used by the DER-CA program for years. The key BMI 

measurements were those at diagnosis, at six months after diagnosis, and at graduation from 

the program (age 16 minimum).  

3.6 Outcome variable 
3.6.1 BMI z-score at graduation from DER-CA:  Individual BMI values recorded at the last visit 

were converted into z-score, and analysed as a continuous variable.  

 

3.7 Independent variable 

Weight change in the six months after diagnosis was the independent variable, as measured by 

change in BMI Z-score. Because not all patients had a visit at exactly six months after diagnosis, 

a decision was made (in consultation with the pediatric endocrinologists at the DER-CA) to 

consider any visit between 4 and 8 months as the six-month visit. In the few cases where a 

participant had more than one visit within this period, the visit closest to 6 months was selected 

for use in the final analysis.  Patients were classified into four groups according to their relative 

change in absolute weight (kgs) from baseline to six months after diagnosis: 

- Stable: patients whose weight changed by less than 5% of their initial weight 

- Weight loss: patients who lost 5% or more of their initial weight 
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- Moderate gain: patients who gained between 5% and 15% of their initial weight 

- Large gain: patients who gained more than 15% of their initial weight 

3.8 Control variables 
3.8.1 Age at diagnosis:  The child’s age (in years) at diagnosis, entered as a continuous variable. 

Participants were also put in multi-year age groups (0-4; 5-9; 10-14 and 15 and over) to assess 

the potential mediating effects of age of diagnosis on BMI. 

 

3.8.2 Duration of treatment: The length of time (in years) from diagnosis to the date of the 

patient’s last visit.  For this study, duration of treatment ranged from 2 to 15 years. Length of 

treatment was entered as a continuous variable. In consultation with DER-CA clinicians, the 

sample was also sub-divided into three categorical groups: 0-5 years, 6-9 years, or 10+ years. 

 

3.8.3 Sex: Sex of each patient was obtained from DER-CA database records at diagnosis date 

and entered as a categorical variable. 

 

3.8.4 BMI z-score at diagnosis: Every patient’s baseline BMI was converted to a z-score at 

diagnosis, entered as a continuous variable. BMI values were derived from the DER-CA 

database and calculated from measured height and weight. 

 

3.8.5 Puberty: For this study, puberty was defined as 10.5 years for females and 11.5 years for 

males, as done in previous studies48,189. Sub-group analyses were also performed separately for 

males and females, pre- and post-pubertal onset (at diagnosis).  
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3.8.6 DKA at diagnosis: This variable was created to identify patients who were in DKA at 

diagnosis. There were 85 (22.55%) individuals who presented with DKA at diagnosis. However, 

there was no difference in DKA vs. non-DKA patients in terms of the relationship between 

weight change in the first six months and final BMI, so this variable was not included in the final 

models. 

 

3.8.7 Year of Referral: The study period was divided into two periods (1997-2000, and 2001-

2012) to assess the potential effects of insulin analogues, which were introduced in 2001. 

3.9 Data Analysis    
Data were analysed on the secure server at MCHP using SAS 9.3. BMI z-scores and age at 

diagnosis were compared between groups using the independent sample student t-test for 

continuous variables. Analysis of variance using the GLM procedure was used to compare 

baseline BMI z-scores for multiple groups (the 4 weight change groups, and the 4 BMI groups). 

Chi-squared tests were used to compare categorical variables. Initial analyses were conducted 

in two time segments 1997-2000 and 2001-2012, to identify potential differences in clinical 

practice as a result of the introduction of insulin analogs in the year 2001. These analyses 

revealed no differences in the main patterns, so year of diagnosis was not included in the final 

model, and all patients were included. 

While the pattern of change over time in the outcome variable (BMI) was expected to follow 

the same basic trajectory for most patients (increase), a degree of uncertainty remained until 

the actual data were accessed. To examine this possibility, initial exploratory work was done to 
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assess the data for potential heterogeneity. Important differences were found in 6-month 

weight change trends based on initial BMI and pubertal status. Therefore, the final analyses 

included these variables. 

 

For the final analysis, the Generalized Linear Modeling (GLM) procedure was used to assess the 

association between change in BMI within 6 months after diagnosis, and BMI z-score at last 

visit. The models controlled for sex, duration of treatment, and BMI z-scores at diagnosis. 

Because the change in BMI values over time was shown to depend on pubertal status, separate 

models were also created based on this variable. 

 

Two patients were excluded as outliers because they had extremely abnormal results which 

strongly affected the relationships between variables for the entire group. One patient had a 

very low initial BMI z-score (-2.42) and a very high final score (1.94), and another patient had a 

very high initial BMI z-score (2.57) and a very low final score (-1.41). It is possible that these 

values were the result of data collection or recording errors. Throughout this study, p-values 

less than 0.05 were considered statistically significant unless otherwise stated. 

3.10 Ethics statement 
This study was approved by the University of Manitoba Health Research Ethics Board (HREB 

#2013: 440), the Winnipeg Regional Health Authority’s Research Review Committee, and the 

government of Manitoba’s Health Information Privacy Committee (#2013/2014-49). The 

Manitoba Centre for Health Policy also approved the project through a signed researcher 

agreement (MCHP 2014-004).  Standard protocols for using the DER-CA and MCHP databases 



 

35 
 

were followed throughout the duration of the project, as were proper procedures to ensure 

data were kept secure and confidential at all times. Study results are presented in summary 

form only, to ensure no individual data are identifiable. 
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Chapter 4: Results 

4.1. Demographics 

4.1.1. Patient characteristics 
The results in Table 1 show the baseline characteristics of study participants at diagnosis, by 

BMI group.  

 
Table 1: Baseline characteristics by BMI group 

Characteristics  
BMI groups at diagnosis 

 
Total 
n= 377 

Underweight 
(n=33) 

Normal 
weight 
(n=256) 

Overweight 
(n=59) 

Obese 
(n=29) 

p-
value 

Age at diagnosis 
(yrs) 

11.99(0.16) 12.71(0.4) 12.04(0.21) 11.56(0.4) 11.61(0.57) 0.4 
 

       
Length of 
treatment 

5.42(0.16) 4.56(0.39) 5.39(0.21) 5.85(0.39) 5.77(0.56) 0.3 

       
Age at last visit 17.33(0.02) 17.30(0.08) 17.35(0.03) 17.27(0.06) 17.28(0.08) 0.6 
       
Sex N (%)      0.2 
  Female 161(42.7) 13(39.4) 117(45.7) 23(39) 8(27.6) 
  Male 216 (57.3) 20(60.6) 139(54.3) 36(61) 21(72.4) 
       
Pubertal status N 
(%) 

     0.2 

  Pre-pubertal  
onset 

128(33.95) 7(21.2) 84(32.8) 24(40.7) 13(44.8) 

  Post-pubertal 
onset 

249(66.05) 26(78.8) 172(67.2) 35(59.3) 16(55.2) 

Data in first three rows are means (SE); those in bottom four rows are number (%);  
 
 

The rightmost column (p-value) shows the result of the statistical testing done to compare 

values for the four BMI groups. For the entire study group (n=377), the average age at diagnosis 
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was 11.99 ± 3.20 years (mean ± SD). Length of treatment ranged from 2-15 years with a mean 

of 5.42 ± 3.16 years (mean ± SD). At last visit, average age was 17.33 ± 0.47 years. Of the 377 

patients, 216 (57.3%) were male, and 249 (66.1%) had post-pubertal onset of T1DM.  There were 

no significant differences among any of the covariates for the four BMI groups at diagnosis. 

Pairwise comparisons for age at diagnosis, age at last visit and length of treatment did not 

reveal any significant differences. Length of treatment was slightly shorter for patients in the 

underweight BMI group compared to those in the overweight group, though this difference did 

not quite reach statistical significance (p=0.06).   

 

Males appeared to be more overweight and obese at diagnosis, though this difference was also 

not significant (p=0.2). At diagnosis, 72.4% of those in the obese group, and 61% of those in the 

overweight group were males. Patients with post- pubertal onset tended to be thinner than 

their pre-pubertal counterparts, with more than three times as many patients in the 

underweight category, (78.8%), but this difference also did not reach statistical significance 

(p=0.2). A higher proportion of patients with post-pubertal onset were normal weight (67.2%), 

overweight (59.3%), or obese (55.2%) than those with pre-pubertal onset of T1DM. 

4.1.2 Comparison between male and female patients 
Table 2 shows a comparison of covariates between male and female patients.  
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Table 2: Comparison of covariates between sexes 

Characteristics Female (n=161) Male (n=216) p-value 

Age at diagnosis (yrs) 11.89(0.24) 12.06(0.23) 0.6 
BMI  z-score at diagnosis 0.23(0.08) 0.31(0.07) 0.4 
BMI z-score six months after 
diagnosis 

0.56(0.06) 0.50(0.06) 0.4 

BMI z-score at last visit 0.82  (0.05) 0.54(0.06) 0.0008** 
Length of treatment at last visit 5.51(0.24) 5.35(0.22) 0.6 
Age at last visit 17.31(0.04) 17.34(0.03) 0.6 
    
Pubertal status N (%)   0.1 
Pre-pubertal onset 48(29.8) 80(37) 
Post-pubertal onset 113(70.2) 136(63) 
    
Weight change groups N (%)   0.2 
  Weight loss 7(4.4) 6(2.8) 
  Stable  24(14.9) 40(18.5) 
  Moderate gain 67(41.6) 106(49.1) 
  Large gain 63(39.1) 64(29.6) 
 
 

Age, and BMI z-score at diagnosis, and BMI z-score six months after diagnosis did not differ by 

sex. At last visit however, females had significantly higher BMI z-score (p=0.0008) compared to 

males. Length of treatment and age at last visit were not significantly different. A higher 

proportion (70.2%) of females and males (63%) had post-pubertal onset of T1DM, but the 

difference did not reach statistical significance (p=0.1). A higher proportion of males had either 

stable weight (18.5%) or moderate gain (49.1%) by six months after diagnosis. The proportion 

of female and male patients in the weight loss or large gain groups was almost identical. There 

were no statistically significant sex differences by weight change group (p=0.2) 

4.1.3 Comparison of patients diagnosed before versus after puberty 
Results comparing covariates by pubertal status are presented in Table 3.  
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Table 3: Comparison of patients diagnosed before versus after puberty 

Characteristics Pre-pubertal 
onset (n=128) 

Post-pubertal 
onset (n=249) 

p-value 

BMI z-score at diagnosis 0.49(0.09) 0.17(0.07) 0.0036** 
BMI z-score six months after diagnosis 0.56(0.08) 0.51(0.05) 0.6 
BMI z-score at last visit 0.76(0.07) 0.61(0.05) 0.1 
Length of treatment at last visit 9.08(0.18) 3.53(0.1) <.0001*** 
Age at last visit 17.30(0.04) 17.34(0.03) 0.3 
    
Sex N (%)   0.2 
Female 48(37.5) 113(45.4) 
Male 80(62.5) 136(54.6) 
    
Weight change groups N (%)   0.02* 
  Weight loss s (2.4)  s (4) 
  Stable  15(11.7) 49(19.7) 
  Moderate gain 73(57) 100(40.2) 
  Large gain 37(28.9) 90(36.1) 
Data in first five rows are means (SE) those in the last six rows are number (%)  
 ‘s’: indicates value suppressed to ensure confidentiality 

 

Results in Table 3 show that patients with pre-pubertal onset of T1DM had significantly higher 

BMI z-scores at diagnosis compared to those with post-pubertal onset (p=0.0036). Six months 

after diagnosis, BMI z-scores were no longer significantly different by pubertal status (p=0.6). At 

the last visit, patients with pre-pubertal onset tended to have higher BMI z-score than their 

post-pubertal counterparts but the difference was not statistically significant (p=0.1). However, 

there were differences when the samples were also split by sex: pre-pubertal females had 

significantly higher BMI z-scores (p=0.04) than post-pubertal counterparts (not shown in Table 

3).  

There were no significant BMI z-score differences for males by pubertal status at diagnosis 

(p=0.4). As expected, follow-up was significantly longer (p <0001) for patients with pre-pubertal 

onset compared to those with post- pubertal onset. On average, patients who were pre-
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pubertal at diagnosis were followed up for 5.6 years longer than those who were post-pubertal. 

Age at last visit did not significantly differ by pubertal status (p=0.3). There were more males 

than females in both groups, though the difference was higher for those diagnosed before 

puberty (62.5% male) than those diagnosed after (54.6%). These proportions were not 

statistically different from each other (p=0.2). There were significantly more patients diagnosed 

after puberty in all but the moderate gain group (p=0.02).  

4.2 Prevalence of underweight, overweight and obesity  

4.2.1 BMI groups for all patients 
Figure 2 shows the proportion of patients in each BMI group at diagnosis, six months later and 

at last visit.  
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Figure 2: BMI groups for all patients 

 

 

At diagnosis, 9% were underweight, 68% were normal weight, 15% were overweight and 8% 

were obese. Six months after diagnosis, only 2% of the patients were underweight, 70% were in 

the normal weight group, 21% overweight and 7% were obese. As the proportion of 

underweight patients became smaller six months after diagnosis, the overweight BMI group 

increased by 6%, while the normal weight and obese groups remained relatively unchanged. 

This suggests that as weight change occurred, some patients moved from one BMI group to the 

other. At the last visit, the underweight group remained at 2%, normal weight dropped to 65%, 

overweight increased to 26% and the obese group increased to 9%. The proportion of 

overweight steadily increased overtime, while underweight decreased after six months and 
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then stabilized thereafter. The proportion in the normal weight group went down, while the 

proportion in the obese group remained relatively unchanged over time.  

4.2.2 BMI groups for female patients  
The proportion of females in each BMI group over time is presented in Figure 3.  

Figure 3: BMI groups for females 

 

At diagnosis, 8% of females were underweight, 73% normal weight, 14% overweight and 5% 

were obese.  Six months later, none of the females were underweight, 71% were in the normal 

weight group, 23% were overweight and 6% were obese. At their last visit, 60% of the females 

were in the normal weight group, 33% overweight and 7% were obese. As the overweight and 

obese groups increased, the normal weight group became smaller over time, and the 
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underweight group disappeared. From diagnosis to last visit, the proportion of overweight 

females increased by 19%, and the normal weight group decreased by 13%. 

4.2.3 BMI groups for male patients 
Figure 4 shows the proportion of males in each BMI group at diagnosis, six months later and at 

the last visit. 

Figure 4: BMI groups for males 

 

 At diagnosis, 9% of males were in the underweight group, 64% had normal weight, 17% were 

overweight and 10% were obese. Six months after diagnosis, only 3% of male patients were 

underweight, 70% were in the normal weight group, 19% were overweight and 8% were obese. 

At their last visit, 4% of males were underweight, 66% had normal weight, 20% were 

overweight and 10% were obese. Overall, BMI group membership among males did not change 
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much over time. From diagnosis to the last visit, overweight increased, but only by 3%; the 

obese and normal weight groups were stable, and the underweight group decreased.  

4.2.4 BMI groups for patients with pre-pubertal onset of T1DM 
Figure 5 shows the distribution of patients with pre-pubertal onset of T1DM across the four 

BMI groups over time.  

Figure 5: BMI groups for patients with pre-pubertal onset of T1DM 

 

At diagnosis, 5% of the patients with pre-pubertal onset were underweight, 66% had normal 

weight, 19% were overweight and 10% were obese. Six months after diagnosis, 1.5% were 

underweight, 71.9% had normal weight, 17.2% were overweight, and 9.4% were obese. At last 

visit, 57% of those with pre-pubertal onset were normal weight, 30% were overweight and 12% 

were obese. Only 1% of those with pre-pubertal onset were underweight at last visit. Obesity 
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remained relatively stable over time, increasing only by 2% from 10% at diagnosis to 12% at the 

last visit. Underweight steadily decreased from 5% at diagnosis to just below 1% at the last visit.  

4.2.5 BMI groups for patients diagnosed after post-pubertal onset 
Figure 6 represents the distribution of patients diagnosed after post-pubertal onset across the 

four BMI groups.  

Figure 6: BMI groups for patients with post-pubertal onset of T1DM  

 

At diagnosis, 10.4% of the patients were underweight, 69.1% normal weight, 14.1% overweight 

and 6.4% were obese. Six months after diagnosis, only 2% were underweight, 70% were normal 

weight, 22% were overweight and 6% were obese. Overweight increased by 8% as underweight 

dropped by a similar percentage. At the last visit, 3.2% of patients were underweight, 66.3% 
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had normal weight, 23.3% were overweight and 7.2% were obese. Over time, only the 

overweight group had a large (9%) increase; the other three groups had small changes. 

4.3 Change in BMI z-score over time 

4.3.1 Change in BMI z-score over time, by sex 
The change in BMI z-score over time varied according to sex, pubertal status and BMI z-score at 

diagnosis. Figure 7 shows the changes in average BMI z-score from diagnosis to the last visit, by 

sex.  

Figure 7: Change in BMI z-score over time by sex 

 

Males had a higher BMI z-score than females at diagnosis. Over time however, females gained 

weight more rapidly and their average BMI z-score rose above the male z-score around six 

months after diagnosis. Whereas the BMI z-score for males plateaued six months after 
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diagnosis, the female BMI z-score continued to increase to the last visit. At last visit, the 

average BMI z-score for females was higher (0.82) than their male counterparts (0.54). 

4.3.2 Change in BMI z-score over time by pubertal status 
The change in average BMI z-score over time by pubertal status is presented in Figure 8.  

Figure 8: Change in BMI z-score over time by pubertal status 

 

 

Patients with pre-pubertal onset had higher BMI z-score at diagnosis and remained above their 

post-pubertal counterparts throughout the duration of follow up. Their BMI z-scores steadily 

increased over time. For those with post-pubertal onset of T1DM, average BMI z-score rose 

quickly from diagnosis to six months, and then levelled off approaching the time of the last visit. 

At last visit, the average BMI z-score for patients with pre-pubertal onset of T1DM was 0.76 
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compared to 0.61 for those with post-pubertal onset, but the difference was not statistically 

significant. 

4.4. Change in BMI z-score over time by BMI group at diagnosis 

4.4.1 Change in BMI z-score for all patients by BMI group at diagnosis 
Figure 9 shows changes in average BMI z-score for all patients by their BMI group at diagnosis.  

Figure 9: Change in BMI z-score for all patients by BMI group at diagnosis 

 

 

Overall, individuals who were underweight at diagnosis gained the most weight, followed by 

those in the normal weight group. The pattern of BMI z-score change for patients who were 

obese and overweight at diagnosis shows a decline in the six months following diagnosis, and 

the obese group continued to lose weight up to their last visit.  
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4.4.2 Change in BMI z-score for females by BMI group at diagnosis 
The change in BMI z-scores by BMI group at diagnosis for females over time is shown in Figure 
10. 
 
Figure 10: Change in BMI z-score for females by BMI group at diagnosis 

 
 

Females who were underweight at diagnosis gained the most weight followed by those in the 

normal weight group. Both groups appear to be still gaining weight at the time of the last visit. 

The BMI z-score for female patients who were overweight and obese at diagnosis did not 

change much. The trend of their BMI z-score change shows a small downward trajectory 

overtime. 
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4.4.3 Change in BMI z-score over time for males by BMI group at diagnosis 
Figure 11 shows the change in BMI z-score for male patients by BMI group at diagnosis, over 

time. 

Figure 11: Change in BMI z-score for males by BMI group at diagnosis 

 

As was seen with females, males in the underweight group gained the most weight over time, 

followed by the normal group – though in both cases, the BMI z-score changes were smaller 

than for females, indicating less weight gain. Moreover, both groups appear to have reached 

stable BMI z-scores by the time of the last visit. BMI z-scores for overweight males decreased in 

the six months after diagnosis but began to increase slightly towards their last visit. BMI z-

scores for obese males appeared not to change much in the six months following diagnosis, but 

decreased thereafter.  
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4.4.4 Change in BMI z-score for patients with pre-pubertal onset of T1DM 
Figure 12 shows the trajectory of BMI z-score changes over time by BMI group, for patients 

diagnosed before puberty.  

Figure 12: Change in BMI z-score for patients with pre-pubertal onset by BMI group 

 

Average BMI z-score for the underweight and normal weight groups show steady and 

continued increase over time from diagnosis to the last visit. Average BMI z-score changes for 

the overweight and obese groups appear to resemble that of the males. 

4.4.5 Change in BMI z-score for patients with post-pubertal onset by BMI groups at diagnosis 
Changes in average BMI z-scores over time for patients with post-pubertal onset of T1DM are 

presented by BMI group in Figure 13.  
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Figure 13: Change in BMI z-score for patients with post-pubertal onset of T1DM by BMI group 

 

These results seem to suggest that for patients diagnosed after puberty, there were higher 

proportions of males in underweight and normal weight groups, and females in the overweight 

and obese groups.  

4.5 Change in BMI z-score by weight change groups 

4.5.1 Comparison of covariates by weight change groups 
Changes in BMI z-score were also assessed using groups based on the magnitude of each 

patient’s relative weight change during the six months after diagnosis. Table 4 shows a 

comparison of covariates for the four weight change groups.  
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Table 4: Comparison of covariates by weight change groups 

  Weight change groups 
 

Total 
n=377 

Weight loss 
(n=13) 

Stable 
(n=64) 

Moderate 
gain (n=173) 

Large gain 
(n=127) 

p-value 

Age (years) 11.99(0.16) 13.23(0.84) 13.01(0.4) 11.44 (0.26) 12.10(0.25) 0.0031** 
BMI z-score 
at diagnosis 

0.28(0.05) 1.35(0.17) 0.73(0.1) 0.40(0.07) -0.23(0.09) < 0.0001** 

Length of 
treatment at 
last visit (yrs) 

5.42(0.16) 4.31(0.77) 4.43(0.1) 5.98(0.25) 5.26(0.25) 0.0030** 

Age at last 
visit (yrs) 

17.33(0.03) 17.31(0.28) 17.30(0.06) 17.35(0.04) 17.31(0.04) 0.7 

BMI z-score 
six months 
after 
diagnosis 

0.53(0.04) 0.51(0.24) 0.44(0.1) 0.47(0.07) 0.65(0.07) 0.2 

BMI z-score 
at last visit 

0.66(0.04) 0.75(0.28) 0.64(0.1) 0.61(0.07) 0.73(0.07) 0.6 

       
Sex N (%) 
  Female 161(42.7) 7(53.8) 24(37.5) 67(38.7) 63(49.6) 0.2 
  Male 216(57.3) 6(46.2) 40(62.5) 106(61.3) 64(50.4) 
       
Pubertal status N (%) 
  Pre-pubertal  
onset 

128(34) s (23.1) s(23.4) 73(42.2) 38(29.1) 0.02* 

  Post-
pubertal 
onset 

249(66) 10(76.9) 49(76.6) 100(57.8) 90(70.9) 

Data in first six rows are means (SE); those in the last four rows are number (%) 
Stable: patients whose weight changed by less than 5% of their initial weight 
Weight loss: patients who lost 5% or more of their initial weight 
Moderate gain: patients who gained between 5% and 15% of their initial weight 
Large gain: patients who gained more than 15% of their initial weight 
‘s’: indicates value suppressed to ensure confidentiality 

Only 13 patients lost more than 5% of their original weight (kgs), 17% had stable weight, 47% 

had moderate gain and 32% had large weight gain. At diagnosis the four groups were 

significantly different on age (p=0.003), BMI z-score (P<.0001) and length of treatment 

(p=0.003). Patients with moderate weight gain were youngest followed by those with large gain 
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while those who lost weight were oldest at diagnosis. Pairwise comparisons revealed that 

moderate weight gainers were significantly younger than those in the stable (p=0.0008) and 

weight loss (p=0.05) groups.  

 

Average BMI z-scores were lowest for patients who had large weight gain and highest for those 

who lost weight in the six months following diagnosis. Average length of treatment was 

shortest for patients in the weight loss group, and longest for the moderate weight gainers. 

Pairwise comparisons revealed that patients in the moderate gain group had significantly longer 

follow up than those with stable weight (p=0.0007), and those in the large gain group (p=0.05). 

The moderate gain group also had longer follow up duration than those in the weight loss 

group but the difference did not reach statistical significance (p=0.06). 

 

At the last visit, there were no significant age (p=0.7) or BMI z-score (p=0.6) differences among 

the four groups. Six months after diagnosis, average BMI z-scores for patients who had large 

weight gain tended to be higher (p=0.2) although it did not reach statistical significance. 

Pairwise comparisons showed that six months after diagnosis, large weight gainers had higher 

(but not statistically significant) BMI z-scores than those in the stable weight group (p=0.09) and 

moderate gainers (p=0.07). There were higher proportions of males than females with 

moderate weight gain (61.3%) and stable weight (62.5%), although the difference did not reach 

statistical significance (p=0.2). There was a significantly higher proportion of patients with post-

pubertal onset of T1DM in each of the four weight change groups (p=0.02). Most (91.3%) but 

not all patients gained weight in the six months after initiation of insulin therapy. None of the 
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8.7% who lost weight during this period had been underweight at diagnosis (not shown in Table 

4). 

4.5.2 Change in BMI z-scores by weight change groups 
Figure 14 shows trends in BMI z-scores over time by weight change group.  

Figure 14: Change in BMI z-score for all patients by weight change group 

 

By six months after diagnosis, BMI z-score for all but the large gain group tended to converge 

around 0.5 and levelled off, with very little variability at last visit. At six months, the average 

BMI z-score for patients in the large gain group was highest (0.65). The weight loss group 

regained some weight after their dramatic reduction in the first six months on insulin, and 

ended with higher BMI z-scores than the other groups. The stable group lost weight in the first 

six months following diagnosis and regained some of it thereafter, but not as much as the 
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weight loss group. The moderate gain group had a distinctly more linear and steady weight gain 

over time and ended with the lowest average BMI z-scores of the four groups. Average BMI z-

scores for the large gainers surpassed all other groups by six months after diagnosis. They 

gained only a small amount thereafter before reaching plateau by their last visit. The stable 

weight and moderate weight gain groups had the least variability in BMI z-score changes over 

time, and both groups ended with slightly lower average BMI z-score than the other two groups 

at the last visit. 

4.5.3 Change in BMI z-score for females by weight change groups 
Average BMI z-score changes for females by the relative weight change groups are presented in 

Figure 15.  

Figure 15: Change in BMI z-score for females score by weight change group 
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The weight loss and stable groups lost weight in the first six months, while the other two groups 

gained weight. Females in the weight loss group had slightly lower BMI z-score than the large 

gain group at six months. Between six months and the last visit, BMI z-score for the moderate 

gain group was stable around 0.5. BMI z-score for the stable group rose from 0.5 six months 

after diagnosis, to just below 0.8 at last visit. Large gainers had the highest average BMI z-

scores at last visit, and the weight loss and stable groups were also near the same level, while 

the Moderate gain group was lower.  The pattern of BMI z-score increase between six months 

and last appears to be parallel among three (large gain, weight loss and stable) groups. 

4.5.4 Change in BMI z-score for males by weight change groups 
Figure 16 shows trends of BMI z-score changes for males by weight change group.  

Figure 16: Change in BMI z-score for males by weight change group 
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The weight loss group showed a dramatic decline in the six months after diagnosis. Their 

average BMI z-score at 6 months was lower than all other groups, but then they gained back 

some weight, and ended with the highest BMI z-scores at last visit. The average BMI z-score for 

the large gain group peaked at six months, and declined slightly by the last visit. The moderate 

gain group had a slight increase at six months, and was stable thereafter, ending with the 

lowest average of all four groups. As was shown for females, the groups were dramatically 

closer together by the last visit, though all were above the population average of 0. However, 

all four groups for females were above all four groups for males (group averages near 0.8 for 

females and 0.6 for males). 

4.5.5 Change in BMI z-scores for patients with pre-pubertal onset by weight change groups 
Figure 17 shows the pattern of BMI z-score changes by weight change groups for patients who 

were pre-pubertal at diagnosis.  



 

59 
 

Figure 17: Change in BMI z-score for patients with pre- pubertal onset by weight change 
group 

 

The results show that all four of the weight change groups had average BMI z-scores above zero 

at diagnosis. That is, among those with pre-pubertal onset, all groups had above average BMI at 

diagnosis. Those in the weight loss group showed a dramatic reduction in the first six months, 

from over 1.8 to just over 0.8 standard deviations above zero, though this was still the highest 

average of all groups. The large gain group started with average BMI z-score 0.2 standard 

deviations above zero at diagnosis and increased steadily to converge with the weight loss 

group at about 0.8. The BMI z-score for the stable group trended downwards from 0.8 to just 

below 0.4 six months after diagnosis. By the last visit, BMI z-score for this group had gone back 

up to where it was at diagnosis. The moderate gain group had stable and modest changes in 
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BMI z-score over time. There was more variability in average BMI z-scores among the four 

groups at the last visit than was seen in previous figures. 

4.5.6 BMI z-score for patients with post-pubertal onset by weight change groups 
Figure 18 shows the trajectory of changes in BMI z-scores by weight change groups for patients 

with post-pubertal onset of T1DM.  

Figure 18: Change in BMI z-score for patients with post-pubertal onset by weight change 
group 

 

The pattern of BMI z-scores over time for those with post-pubertal onset is different for all four 

groups compared to their pre-pubertal counterparts shown in Figure 17. The weight loss group 

ended with the highest BMI z-scores at last visit, but had lost enough weight at six months after 

diagnosis to have the lowest average BMI z-scores at that point. The average BMI z-score for 

the four groups was dramatically less variable at their last visit compared to pre-pubertal 
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patients. The trajectory of change in BMI z-scores for moderate gainers was distinctly linear, 

which appears to resemble the pattern for this group in all analyses. 

 

4.6 Final analytic models  

4.6.1 Introduction 
The objective of the analytic modeling was to quantify the association between the outcome 

variable (BMI z-score at last visit) and the independent variable (change in BMI z-score from 

diagnosis to six months), while controlling for sex, pubertal status and BMI at diagnosis, and 

duration of treatment. Results from the Generalized Linear Models (GLM) including all patients 

are presented in Table 5. Tables 6 and 7 show results for patients with pre and post- pubertal 

onset, respectively. These separate models were created because the descriptive analyses 

revealed significantly different results and patterns for these two groups. 

4.6.2 Visualizing the model results  
The results from the analytic models (Tables 5-7) reveal that BMI z-score at diagnosis, patient 

sex, weight change group, and pubertal status were all significantly related to the outcome (in 

that order). To better understand the relationships of these variables to BMI z-score at last visit, 

a series of graphs (Figures 19-21) were made to illustrate the nature of the association between 

BMI z-score at diagnosis and the modelled BMI z-score at last visit by weight change group, and 

then separately by sex and by pubertal status. They are line graphs, showing the actual average 

BMI z-score for each weight change group at diagnosis, six months later, and then their 

modelled BMI z-score at last visit. Each of the graphs is presented after the analytic model for 

that group. Overall, these graphs are very similar to those shown in the descriptive results 
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above. This was expected, because the values at diagnosis and at six months are the same data 

– the only difference is that the data for BMI z-score at Last visit in this series of graphs were 

produced by the models, so they adjust for the other variables. 

4.6.3 Results of analytic model for all patients 
The results in Table 5 show the effects of each variable on the outcome (BMI z-score at last 

visit), after controlling for all other variables listed in the table. Statistically significant results 

are shown with an asterisk(s). Male sex, the large weight gain group, and follow up for longer 

than 10 years were selected as reference groups for the categorical variables. 

Table 5: Results of Generalized Linear Models for all patients 

Parameter Model 1 Model 2 Model 3 Model 4 
Intercept 0.88(0.05) 0.85(0.05) 0.71(0.06) 0.55(0.11) 
BMI z-score at diagnosis 0.65(0.03)*** 0.53(0.05)*** 0.53(0.05)*** 0.53(0.05)*** 
Weight change groups 
  Weight loss -1.01(0.18)*** -1.61(0.40)*** -1.62(0.38)*** -1.60(0.39)*** 
  Stable  -0.71(0.10)*** -0.80(0.1)*** -0.77(0.11)*** -0.76(0.11)*** 
  Moderate gain -0.53(0.07)*** -0.53(0.72)*** -0.50(0.07)*** -0.48(0.07)*** 
  Large gain ref ref Ref ref 
Interaction terms for BMI z-score at diagnosis and weight change group 
  BMIZ_0*weight loss  0.58(027)* 0.58* 0.56(0.26)* 
  BMIZ_0*stable   0.28(0.10)** 0.28(0.26)** 0.28(0.10)** 
  BMIZ_0*moderate gain  0.18(0.07)* 0.18(0.10)** 0.17(0.01)* 
  BMIZ_0*large gain  ref Ref ref 
Sex  
  Female   0.29(0.06)*** 0.28(0.6)*** 
  Male   Ref ref 
Duration of follow up   
  0-5 years f/up    0.15(0.15) 
  6-10 years f/up     0.20(0.11)* 
  > 10 years f/up    ref 
R2 0.52 0.53 0.56 0.57 
Adjusted R2 0.51 0.53 0.55 0.56 
Data in cells are parameter estimates (Standard Error); BMIZ_0: BMI z-score at diagnosis 
 

The results in Table 5 show that all independent variables used were significantly associated 

with the outcome (BMI z-score at last visit), and that the models were reasonably strong in 
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terms of variance explained (R2 values were all above 0.5). The ranking by strength of 

association was: BMI z-score at diagnosis, sex, change in BMI z-score in the six months after 

diagnosis, the interaction term between change in BMI z-score and BMI z-score at diagnosis , 

and longer (>5 years) follow up. BMI z-score at diagnosis was the most significant factor; 

indeed, a model using just BMI z-score at diagnosis (not shown in Table 5) revealed that it alone 

was a strong predictor of increased BMI z-score at last visit (R2 = 0.41).  

 

Model 1 includes both BMI z-score at diagnosis and weight change group in the first six months 

(weight loss, stable, moderate gain, or large gain). Both variables were significantly associated 

with the outcome, and the R2 value was 0.52. BMI z-score at diagnosis was positively associated 

with the outcome but weight change group was negatively associated. Model 2 added the 

interaction terms representing the combined effect of BMI z-scores at diagnosis and weight 

change group. The interaction terms were all significantly associated with increased BMI z-score 

at last visit, and the model R2 was 0.53. The significance of the interaction terms means that the 

impact of the change in BMI z-score in the first six months on the outcome depends on the 

patient’s BMI z-score at diagnosis. Model 3 added patient sex, which was also significantly 

associated with BMI z-score at last visit, and the R2 increased to 0.56. Model 4, the final model, 

added duration of follow up, which improved the model further, but only slightly  (R2 = 0.57). 

 

Figure 19 illustrates these results for all patients, incorporating the modelled BMI z-score at last 

visit for each patient. 
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Figure 19: Modelled last BMI z-score for all patients by weight change group 

 

The results in Figure 19 show that the patterns of weight change in the six months after 

diagnosis for the large gain and weight loss groups were almost mirror images of each other. 

The BMI z-score for the large gain group rose rapidly, from the lowest (-0.23) among all four 

groups at diagnosis to highest (0.65) six months later. Those in the weight loss group were 

diagnosed with the highest BMI z-score (1.35), but lost weight rapidly by six months later 

(reaching 0.51). The BMI z-score for the stable group trended downward suggesting some 

weight loss in the six months after diagnosis but not to the same extent as the weight loss 

group. The trajectory of weight change for the moderate gain group shows an almost perfectly 

linear trend in BMI z-score over time. The modelled BMI z-score for all the groups show that at 
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last visit, T1DM patients end up with BMI z-score above zero, but much closer together than at 

diagnosis.   

 

Results for females: The results from earlier analyses showed that patient sex was a significant 

variable, but that its effect was consistent across other sub-groups, so separate models for 

males and females were not required. Figure 20 illustrates the results for females, incorporating 

the modelled results for BMI z-score at last visit, using the main model. 

Figure 20: Modelled BMI z-score at last visit for females by weight change groups 

 

Results in Figure 20 show that all but the large gain group for females had BMI z-score above 

zero at diagnosis. The large gain and weight loss groups started with BMI z-score on opposite 

ends, and had higher BMI z-score than the stable and moderate gain groups six months later 
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and at last visit. Modelled BMI z-score for females show less variability among the four weight 

change groups at last visit than at diagnosis 

Results for males: Figure 21 illustrates the results for males, incorporating the modelled results 
for BMI z-score at last visit. 

Figure 21: Modelled BMI z-score at last visit for males by weight change group 

 

Results in Figure 21 show that all weight change groups for males had modelled BMI z-scores 

closer together at last visit. The large gainers had the highest BMI z-score six months after 

diagnosis than the other three groups with BMI z-scores that appear to be much closer 

together. At last visit, the Stable and moderate groups had slightly lower BMI z-scores than the 

large gainers and those in the weight loss groups. The pattern of modelled BMI z-scores for 
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males resembled that of females with large weight gain and weight loss groups closer together 

and higher than the other two groups at last visit. 

4.6.4 Results of analytic models for patients with pre- pubertal onset of T1DM 
The results in Table 6 show the effects of each independent variable on BMI z-score at last visit 

for patients with pre-pubertal onset of T1DM.  

Table 6: Results of Generalized Linear Models for patients with pre-pubertal onset of T1DM 

Parameter Model 1 Model 2 Model 3 Model 4 
Intercept 0.89(0.10) 0.90(0.11) 0.72(0.11) 0.53(0.15) 
BMI z-score at diagnosis 0.57(0.06)*** 0.51(0.09)*** 0.54(0.09)*** 0.57(0,09)*** 
Weight change groups     
  Weight loss -1.05(0.39)** -3.24(1.57)* -3.04(1.49)* -3.08(1.48)* 
  Stable  -0.56(0.20)** -0.51(0.28) -0.56(0.27)* -0.53(0.27)* 
  Moderate gain -0.57(0.13)*** -0.60(0.14)*** -0.55(0.13)*** -0.51(0.13)*** 
  Large gain ref ref ref Ref 
Interaction terms for BMI z-score at diagnosis and weight change group 
  BMIZ_0*weight loss  1.23(0.82) 1.04(0.78) 1.01(0.77) 
  BMIZ_0*stable   -0.01(0.28) 0.04(0.26) 0.02(0.26) 
  BMIZ_0*moderate gain  0.10(0.13) 0.06(0.12) 0.028(0.12) 
  BMIZ_0*large gain  ref ref Ref 
Sex 
  Female   0.41(0.11)*** 0.42(0.11)*** 
  Male   ref Ref      
Duration of follow up 
  0-5 years f/up    - 
  6-10 years f/up     0.23(0.12)* 
  > 10 years f/up    Ref 
R2 0.45 0.46 0.51 0.53 
Adjusted R2 0.43 0.42 0.47 0.47 
Data in cells are parameter estimates (Standard Error); BMIZ_0: BMI z-score at diagnosis 
 

Ranked by strength of association, the results show that BMI z-score at diagnosis, sex, and 

change in BMI z-scores in the six months after diagnosis were significantly associated with the 

outcome. For patients with pre-pubertal onset, the interaction terms between BMI z-score at 

diagnosis and the change in BMI z-scores six months later were not significantly associated with 

the outcome (BMI z-score at last visit).  
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Model 1 included BMI z-score at diagnosis and weight change group in the six months after 

diagnosis. Both variables were significantly associated with the outcome and the R2 value was 

0.45. Model 2 added the interaction term showing combined effects of BMI z-scores at 

diagnosis and weight change group. The interaction terms were not significantly associated 

with the outcome, and the R2 increased only slightly to 0.46. Patient sex was added in Model 3, 

and was significantly associated with the outcome, increasing the R2 value to 0.51. Model 4 

added duration of follow up, which was not significantly associated with the outcome and the 

R2 increased to 0.53. 

 

Figure 22 illustrates the results for those with pre-pubertal onset of T1DM, incorporating the 

modelled results for BMI z-score at last visit. 
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Figure 22: Modelled last BMI z-score for patients with pre-pubertal onset by weight change 
group 

 
 

Results in Figure 22 show that for those with pre-pubertal onset of T1DM, the average BMI z-

score for all four weight change groups were above average at diagnosis. By six months after 

diagnosis, the BMI z-score for the large gain and weight loss groups were close to 0.80, while 

the stable and moderate weight gain groups were around 0.4. These pairs of groups also have 

similar trends from 6 months to their last visit:  the large gain and weight loss groups’ modelled 

BMI z-score at last visit were close together and higher than those of the other two groups. For 

all four groups, the average modeled BMI z-score at last visit was above zero, as was shown for 

all patients in Figure 19. 
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4.6.5 Results of the analytic model for patients with post-pubertal onset of T1DM 
Results of the regression models for patients diagnosed after puberty are presented in Table 7.  

  Table 7: Results of Generalized Linear Models for patients with post-pubertal onset of T1DM 

Variable Model 1 Model 2 Model 3 Model 4 
Intercept 0.90(0.06) 0.83(0.06) 0.71(0.07) 0.79().11) 
BMI z-score at diagnosis 0.69(0.04)*** 0.52(0.06)*** 0.51(0.06)*** 0.50(0.06)*** 
Weight change groups 
  Weight loss -1.03(0.20)*** -1.63(0.41)*** -1.67(0.41)*** -1.64(0.41)*** 
  Stable  -0.79(0.11)*** -0.84(0.12)*** -0.80(0.12)*** -0.79(0.12)*** 
  Moderate gain -0.52(0.09)*** -0.47(0.09)*** -0.45(0.08)*** -0.44(0.08)*** 
  Large gain ref ref ref ref 
Interaction terms for BMI z-score at diagnosis and weight change groups 
  BMIZ_0*weight loss  0.73(0.32)* 0.78(0.31)* 0.77(0.31)* 
  BMIZ_0*stable   0.34(0.11)** 0.34(0.11)** 0.35(0.11)** 
  BMIZ_0*moderate gain  0.25(0.08)** 0.27(0.08)** 0.28(0.08)** 
  BMIZ_0*large gain  ref ref ref 
Sex 
  Female   0.23(0.07)** 0.21(0.07)** 
  Male   ref ref 
Duration of follow up 
  0-5 years f/up    -0.09(0.09) 
  6-10 years f/up     ref 
  > 10 years f/up    - 
R2 0.56 0.59 0.61 0.61 
Adjusted R2 0.55 0.58 0.60 0.59 
Data in cells are parameter estimates (Standard Error); BMIZ_0: BMI z-score at diagnosis 
 

The results show that most of the independent variables used were significantly associated with 

BMI z-scores at last visit. Duration of follow up was the only variable not significantly associated 

with the outcome for patients diagnosed after puberty. The ranking by strength of association 

was: BMI z-score at diagnosis, weight change group, sex, and the interaction terms between 

BMI z-score at diagnosis and weight change group. A model using just BMI z-score at diagnosis 

(not shown in table 7) demonstrated that it alone was a strong predictor of increased BMI z-

score at last visit (R2 = 0.44). 
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Model 1 included BMI z-score at diagnosis and weight change group, which were both 

significantly associated with BMI z-scores at last visit. Model 1 had an R2 value of 0.56. Model 2 

added the interaction between BMI z-score at diagnosis and weight change group, all of which 

were significantly associated with BMI z-score at last visit. Adding the interaction terms 

increased the R2 to 0.59. Model 3 added patient sex, which was also significantly associated 

with the increased BMI z-score at last visit, and increased the model R2 to 0.61. Model 4 added 

Duration of follow up, which was not significantly associated with the outcome, and did not 

increase the R2 value. 

 

Figure 23 illustrates the results for those diagnosed after puberty, incorporating the modelled 

results for BMI z-score at last visit 
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Figure 23: Modelled last BMI z-score for patients with post-pubertal onset by weight change 
group 

 

Results in Figure 23 show that for patients diagnosed after puberty, BMI z-score for the four 

groups were very disparate at diagnosis, but very close together six months later, and even 

closer at last visit. Unlike their pre-pubertal counterparts, BMI z-score for these patients rose 

(but not much) from around 0.45 at six months after diagnosis to about 0.65 at last visit for all 

groups.   

4.6.6 Summary of results 
Only 9% of the patients in this study were underweight at diagnosis, but 15% were overweight 

and 8% were obese. Once diagnosed and insulin therapy was initiated, most (91%) but not all 

patients in this study cohort gained weight. The change in weight was rapid, but varied based 
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on individuals’ initial BMI z-score, sex, and pubertal status. On average, patients who had lower 

BMI z-score at diagnosis gained the most weight, while those at higher BMI z-score either lost 

weight or remained relatively unchanged over the first six months after diagnosis. At last visit, 

26% of the patients were overweight and 9% were obese while only 2% were underweight. A 

higher proportion of females (33%) were overweight at the last visit compared to males (20%). 

More males (10%) were obese than females (7%) at last visit. Females had significantly higher 

BMI z-score (0.82 ± 0.68) than males (0.54 ± 0.93) at age 18. BMI z-score at diagnosis, Female 

sex, weight change group, interaction term between BMI z-score at diagnosis and weight 

change group, and longer (>5 year) duration of follow up were significantly associated with 

higher BMI z-score at last visit. The effects of BMI z-score at diagnosis were mediated by the 

magnitude of weight change in the six months after initiation of insulin, which was the most 

significant predictor of higher BMI z-scores at last visit. The effects of other variables (age, 

presence or absence of DKA, year and period of referral) on BMI z-score at last visit were 

assessed. None of them were significantly associated with the outcome and analyses showing 

relationships of these variables to the outcome are not presented in this study. 
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Chapter 5: Discussion 

5.1 Introduction 
This study adds to the growing body of literature in the area of obesity among children and 

adolescents diagnosed with T1DM. With the incidence and prevalence of obesity and T1DM 

concurrently increasing among children and adolescents, there has been debate among 

clinicians and researchers about how the two conditions are or are not related. This chapter 

highlights and discusses specific findings of this study and how they relate to previous literature 

and provide insights into potential future clinical and policy decisions.  

 

Results from this study show very large variations in BMI z-score at diagnosis and different 

weight change trajectories among sub-groups. Previous research35,36,48,123 and clinical 

experience suggest that most children and adolescents have a negative BMI z-score when 

diagnosed with T1DM, and gain weight after the initiation of insulin therapy.  The results of this 

study show that BMI z-scores at diagnosis vary greatly across sub-groups, but become relatively 

similar within 6 months of treatment.  

 

This study also shows that at their last visit to the DER-CA clinic prior to transfer to adult care 

(age 16-18); all patients had BMI z-scores well above zero. This is concerning because there is 

no clinically relevant reason why they should have higher than average BMI z-scores. No 

published studies have evaluated the potential long-term effects of insulin-induced weight gain 

among children and adolescents with T1DM.  Furthermore, previous studies evaluating weight 

change among T1DM children and adolescents have not assessed these changes by BMI groups 

at diagnosis and magnitude of weight change, as was done in this study. This approach provides 



 

75 
 

a more accurate understanding of various patterns of BMI change, accounting for important 

differences that exist among distinct subgroups.  

5.2 BMI z-scores and BMI group membership at diagnosis 
The most unexpected and yet clinically important finding in this study is that only 9% of new 

T1DM patients were underweight at diagnosis. Unexplained loss of weight, which can lead to 

underweight, is one of the classical presentations of T1DM, and a common criterion for 

diagnosis.  Due to weight loss prior to T1DM diagnosis, most clinicians believe that a significant 

number of children and adolescents will be underweight at diagnosis. The rates of underweight 

in this study were above the national average198, but much lower than expected by clinicians. 

Early detection and diagnosis of T1DM before individuals lose enough weight to be classified 

underweight may be responsible for the low prevalence of underweight patients found here. 

Alternatively, the use of CDC cut-offs for defining BMI groups may have resulted in the 

underestimation of underweight and perhaps overestimating the other BMI groups. It has been 

previously reported149,198 that different (WHO, CDC and IOTF) cut-offs for defining BMI groups 

may result in different prevalence estimates. de Onis and others reported that the CDC growth 

charts underestimated under-nutrition compared to the WHO growth charts199. Schwarz et al 

reported similar results in a much younger (0-15 month old) group of Gabonese children200. 

 

The fact that 15% were overweight and 8% obese at diagnosis indicates, as has been 

reported17,19, that many patients’ BMI z-scores were high prior to T1DM diagnosis. This study 

found no significant differences in BMI z-scores at diagnosis between males and females, 

although females tended to have lower BMI z-scores than males (0.23 vs. 0.31). These results 
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are similar to those reported by Frohlich-Reiterer and associates whose study showed that 

males (0.23) had higher BMI z-scores than females (0.15) at diagnosis, although they did not 

report if the difference was statistically significant123. Davis et al found females to be 

significantly leaner than males at diagnosis and a year later36. The fact that females were 

significantly leaner than males at diagnosis may help to explain their findings one year later, 

since BMI z-score at diagnosis, as shown in this study, was associated with BMI z-score at last 

visit. Libman and associates found that children and adolescents diagnosed with T1DM had 

equal or higher initial BMI z-scores than controls18.  

 

Although the baseline overweight and obesity rates in this study were lower than the 

national198 and provincial201,202 averages, these results show that a significant number of 

children and adolescents being diagnosed with T1DM are presenting in overweight or obese 

states. This may be a reflection of the generally high and increasing overweight and obesity 

rates among the population over the past decades47. Alternatively, these findings may give 

credence to the disputed “accelerator” hypothesis, which argues that childhood overweight 

and obesity contributes to T1DM incidence22. The accelerator hypothesis of Wilkin et al., posits 

that T1DM and T2DM are similar, distinguishable only by their rate of beta cell destruction203. 

Newfield and associates did not report on underweight at diagnosis, but they found prevalence 

of overweight (14.6%) and obesity (7.7%) comparable to those found here35. 

Results from this study also show that average BMI z-scores at diagnosis were significantly 

higher for patients diagnosed before puberty than for those diagnosed after puberty. This 

finding differs from the results reported by de Vries et al who found no significant difference in 
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BMI z-scores between pre and post pubertal patients with T1DM at diagnosis120. A plausible 

explanation for this difference may be that in this study, a higher proportion of those diagnosed 

before puberty were males, and males tended have higher BMI z-scores at diagnosis than 

females.  

5.3 Post diagnosis weight change 
Results from this study indicate that six months after initiating insulin therapy, most T1DM 

patients gained weight. Three studies showed similar results which demonstrated that weight 

gain after T1DM occurs rapidly35,36,120. The mean BMI z-score of 0.53 for the cohort at six 

months was similar to the mean BMI z-score of 0.4 reported by de Vries et al120., but lower than 

the 0.7 reported by Dabelea et al. in the SEARCH study,204 and the 0.86 reported by Newfield et 

al35. This variation may be partially explained by the differences in measurement periods. In the 

SEARCH study, Dabelea and associates measured BMI z-scores between three and twelve 

months after diagnosis204, while Newfield and others reported BMI z-scores 4.5 – 7 months 

after diagnosis35. Additionally, we included the underweight category which Newfield et al did 

not include and this may have contributed to the lower average BMI z-scores at six months in 

this study35. 

 

Most of the weight gain occurred rapidly, within weeks of diagnosis, as has been reported 

previously. However, the trend of weight gain was different for each of the four baseline BMI 

groups. As expected, patients in the underweight BMI group at diagnosis gained the most 

weight, followed by those in the normal weight group. Previous studies have noted 

rehydration36, replenishment of lost fat120, and possible anabolic effects of insulin as possible 
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reasons for weight gain. However, not all patients gained weight: those in the overweight or 

obese groups at diagnosis lost weight during the first six months, though many subsequently re-

gained some of that weight. Overall, 9% of patients in this study cohort lost weight during the 

six months after diagnosis. Contact with health care professionals and education about healthy 

behaviours, food consumption, and physical activity may have contributed to weight loss. Being 

diagnosed with T1DM and the care surrounding it, resulted in dramatically less variability in 

BMI z-scores by six months after diagnosis. Just as patients who were diagnosed with higher 

BMI z-scores lost weight, those with lower BMI z-scores at diagnosis gained weight. The result 

was a convergence of BMI z-scores, with those starting at higher values being above average 

BMI z-scores at six months as well. Previous studies did not assess the post diagnosis weight 

change by these subgroups. This study was the first to analyse post-diagnosis weight gain by 

initial weight status and 6-month weight change groups.  Newfield and associates only looked 

at overall weight gain over 4-7 months after diagnosis35; de Vries et al compared males and 

females over time120, and so did Davis and associates, at 6 weeks and one year later36. 

 

As expected, while weight gain occurred, the underweight category dropped from 9% to only 

2% by six months after diagnosis. The normal weight group (still the largest six months after 

diagnosis) was relatively unchanged at 68-70%. Overweight rose from 15 to 21%, while the 

obese group remained relatively unchanged at 8-9%. These findings are comparable to those 

reported by Newfield et al who also found higher overweight rates at six months after 

diagnosis35. The majority of patients from the underweight category moved to normal weight 
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and a significant portion of those beginning in the normal weight category became overweight.  

Females contributed more than males to the movement from normal weight to overweight. 

 

The increase in the overweight category suggests that some individuals who started in the 

normal weight category gained enough weight to move to this category, though a small 

percentage from the obese group lost weight and also joined the overweight group. As 

mentioned above, by evaluating weight change by categories, this study was able to 

demonstrate that not all individuals follow the same pattern of weight change; hence results of 

this study show that obesity actually went down by 1% unlike the steady increase as reported 

by Newfield and associates35.  

 

Results of this study show that BMI z-score at diagnosis was the strongest predictor of BMI z-

score at last visit, but that its effect was mediated by weight change in the six months after 

diagnosis. Interestingly, this effect was different for those diagnosed before puberty than after 

puberty. For patients diagnosed before puberty, the interaction term between BMI z-score at 

diagnosis and weight change group was not significantly associated with the outcome. This 

means that for those diagnosed before puberty, the impact of BMI z-score at diagnosis on BMI 

z-score at last visit was not mediated by weight change in the first six months. However, the 

interaction was significant for those diagnosed after puberty, such that the effects of higher 

BMI z-scores at diagnosis were particularly strong for those in the weight loss group. The 

average BMI z-score for patients diagnosed after puberty and categorized in the weight loss 

group at six months was 1.3 standard deviations above zero at last visit.  
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Given that duration of follow-up was significantly related to the outcome, and average follow-

up duration is longer for those diagnosed before puberty, one might be tempted to speculate 

that at least some portion of the pre- vs. post-puberty differences noted are related to this 

difference in follow-up duration. However, the results clearly show, for both groups, that most 

of the change in BMI z-scores occurs shortly after diagnosis, as has been previously 

demonstrated35,36. 

5.4 BMI z-score and BMI group membership at last visit 
Overall, patients in this study cohort had BMI z-scores well above zero at their last visit to the 

DER-CA clinic, confirming anecdotal evidence and concerns by DER-CA clinicians who observed 

that their patients appeared heavier than expected at the time of transition to adult care. At 

last visit, females in the study cohort had significantly higher BMI z-scores than males, though 

both were above average. These results are consistent with those of de Vries and others who 

found females to have higher BMI z-score than males six years after diagnosis120. Domargard et 

al found higher BMI z-scores among post pubertal females than males118. A recent study by 

Frohlich et al also found female sex to be a significant predictor of increased BMI z-scores for 

adolescents with T1DM123.All these results are in contrast to the findings of a study of adults 

with T1DM by Conway et al., which did not find significant sex differences in BMI after 18 years 

of follow up103. 

  

The sex differences in BMI z-scores at last visit for this study cohort could be explained by 

physiological, treatment and lifestyle factors.  McCarthy et al reported that females gain more 
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fat mass throughout life than males, most markedly at puberty, predisposing them to higher 

adiposity later in life192.  Dunger et al suggested that sex hormones in females may contribute 

to higher their BMI z-score, and subsequent intensification of insulin therapy with resultant 

elevated leptin levels191. Elevated leptin is associated with more gains in fat mass among 

females and not males205. Murphy et al 38 suggested that the influence of sex-linked genes 

intrinsically predisposes pre-pubertal females to insulin resistance thus they may require higher 

insulin doses and intensive insulin therapy, which both have been independently linked to 

higher BMI z-score122. Due to the secondary nature of our study, we could not assess lifestyle 

factors; however eating habits206 and physical activity207, which can both independently affect 

BMI z-score, may be different between males and females. 

  

At last visit, the proportion of overweight was significantly higher for females than males. 

Obesity was slightly more prevalent among males, though the difference was not statistically 

significant. de Vries et al reported comparable results, observing increases in overweight and 

obesity rates over six years among their cohort, with no significant sex differences in the 

rates120. However, results of this study show higher overweight (26%) and obesity (9%) rates 

than in the study by de Vries and others which showed 15.6% overweight and 6.5% obesity 

rates among their cohort. Because both studies used the CDC growth chart cut-offs for 

estimates, the difference may be attributed to duration of follow up, this study being longer121.  

 At last visit, prevalence of overweight (33%) but not obesity (7%) for females in the study 

cohort was higher than national198 and provincial201 estimates. But the corresponding rates at 

diagnosis were both lower than the national and provincial estimates. Therefore BMI z-score at 
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diagnosis alone cannot be responsible for the significantly higher overweight prevalence at last 

visit. A possible explanation for the difference may be weight gain associated with insulin 

therapy among females in this study. Previous research has reported higher rates of resistance 

to insulin among females38. Resistance to insulin may have resulted in change of treatment 

regimen to intensive insulin therapy, which is known to cause more weight gain.  

5.5 Effects of initial BMI z-scores on obesity at 18 
The results of this study show that most but not all patients gained weight rapidly after 

diagnosis, likely related to the initiation of insulin. However, results of this study also show that 

the most important predictor of higher BMI z-scores at last visit was a patient’s BMI z-score at 

diagnosis. Patients with higher BMI z-scores at diagnosis were more likely to have higher BMI z-

score at the last visit than those with lower initial BMI z-score. This finding is consistent with 

results from previous studies which reported that overweight and especially obesity tracks from 

childhood to early adulthood43,45. Conway and associates demonstrated that for adults with 

T1DM, baseline BMI was a significant predictor of increased BMI 18 years later103. Frohlich-

Reiter et al showed that initial BMI z-score was an independent predictor of weight gain during 

the course of diabetes122. Individuals with lower BMI z-score at diagnosis gained the most 

weight in the period following diagnosis. In addition to finding that initial BMI z-score 

independently predicted longer term BMI z-score, we were also able to show that magnitude of 

weight change in the first six months significantly moderated this effect. 

 

 Most patients who lost more than 5% of their baseline weight in the six months after diagnosis 

(i.e. the Weight loss group) were overweight or obese at diagnosis. As discussed above, weight 
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loss in the first six months may be attributed to contact with health practitioners who would 

have encouraged better dietary and physical activity behaviors, In addition, the patient’s insulin 

regimen may be relevant, because patients receiving intensive insulin therapy often receive 

insulin analogues (e.g. insulin detemir) that are known to have appetite-suppressing side 

effects100. This could make this group more likely to lose weight than those not receiving 

intensive insulin therapy.  Previous studies for T2DM patients have reported that obese 

patients on insulin detemir benefited most from its weight-gain sparing effects compared to 

controls208,209. Results of this study show that patients who lost weight mostly did so after the 

first few months, peaking at about six months on insulin, but regained some of the weight over 

time. This trend may be explained by similar observations in secular trends for weight loss 

programs which show lack of long term sustainability.  A recent randomized controlled study 

among severely obese Dutch children and adolescents concluded that post treatment weight 

loss was not sustainable 12 months after program initiation216. 

5.6 Strengths 
The major strengths of this study are its comprehensiveness and longitudinal nature, using data 

from the only T1DM referral centre in Manitoba, resulting in almost no potential for selection 

bias. The use of the longitudinal clinical database with virtually universal coverage of all cases 

ensures the representativeness of our study population. The data were analysed using sub-

groups that were identified after exhaustive exploratory analysis to identify potential variations 

in trends of weight change among the cohort. These analyses provide a better understanding 

and consequently more accurate representation of changes in weight over time among the 

cohort. Furthermore, measured (not self-reported) heights and weights to calculate accurate 



 

84 
 

BMI z-score, adjusted for sex and age. Finally, this is the first study to describe BMI group 

membership at T1DM diagnosis and include all patients regardless of initial BMI. Most previous 

studies excluded the underweight group altogether and the results here show how different 

they are from the other groups, highlighting the benefit of including them and reporting their 

results separately. 

5.7 Limitations  
The most important limitation of this study is the potential confounding effect of missing data. 

Though complete and longitudinal, the DER-CA data system does not include important 

variables known to independently impact BMI, including adherence to insulin therapy, food 

consumption patterns, and activity levels, among others. The secondary use of clinical data also 

has inherent limitations including the potential for data collection and recording errors. Also, 

due to variability in exact scheduling of clinical visits, points of interest at 6 months after 

diagnosis and last visit had to be generated using reasonable ranges rather than exact dates. 

Using ranges meant that BMI measurements collected at different times were treated as having 

been collected at a single point in time. Finally, like all research studies, this analysis may be 

affected by the influence of unmeasured confounders. In developing the project, every effort 

was made to include relevant variables, though several had to be excluded because of 

incompleteness of entries in the data system.  

5.8 Significance and Implications 
Results of this study show that at diagnosis of T1DM, 9% of children were underweight,68% 

normal weight, 15% overweight, and 8% obese. This is contrary to traditional clinical teaching 

and expectations, which suggest that the majority of children are at low BMI when diagnosed. 
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Moreover, while most patients gain weight in the six months after diagnosis, those who were 

overweight or obese at diagnosis did not – indeed, the obese lost weight. These findings are 

important for clinicians to note, because it is important to monitor children’s weight status, 

particularly in the first 6 months after diagnosis. Patients who were underweight or in the lower 

part of the normal range at diagnosis should be expected to gain a significant amount of 

weight, bringing them closer to the mean. Conversely, those obese or overweight at diagnosis 

should be expected to lose some weight. These groups are particularly important since this 

study shows that BMI z-score at diagnosis has significant implications for increased BMI z-score 

at 18. High overweight and obesity rates at last visit may increase the risk for cardiovascular 

disease for these (already predisposed) T1DM patients.  

 

Clinicians may need to not only focus on the post-diagnosis period, but monitor patients over 

time to prevent or reduce the significantly high overweight and obesity rates at age 18, 

especially among females. Results of this study also show that the magnitude of weight change 

differs among different sub-groups and that the pattern of overall longer term weight status is 

mediated by some of these factors – most notably weight change in the first six months, sex, 

and pubertal status at diagnosis. Factors such as these can help identify previously unknown 

high-risk groups which may benefit from extra clinical attention and monitoring. Further 

research may be needed to examine more closely and describe in more detail the 

characteristics of the patients who present as overweight or obese.   
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The fact that post-diagnosis weight gain is not the most important predictor of longer term 

obesity is also important for clinicians to highlight with their patients and parents. It has been 

noted previously that fear of insulin-induced weight gain immediately after diagnosis may 

interfere with adherence to treatment100. If diabetic education incorporates a discussion about 

the risk factors for longer term obesity, this may address weight gain fears among newly 

diagnosed youth, and consequently may improve adherence to therapy.  
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