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Abstract
Aims/hypothesis We aimed to evaluate the relationship between childhood growth measures and risk of developing islet
autoimmunity (IA) and type 1 diabetes in children with an affected first-degree relative and increased HLA-conferred risk.
We hypothesised that being overweight or obese during childhood is associated with a greater risk of IA and type 1 diabetes.
Methods Participants in a randomised infant feeding trial (N = 2149) were measured at 12 month intervals for weight and length/
height and followed for IA (at least one positive out of insulin autoantibodies, islet antigen-2 autoantibody, GAD autoantibody
and zinc transporter 8 autoantibody) and development of type 1 diabetes from birth to 10–14 years. In this secondary analysis,
Cox proportional hazard regression models were adjusted for birthweight and length z score, sex, HLA risk, maternal type 1
diabetes, mode of delivery and breastfeeding duration, and stratified by residence region (Australia, Canada, Northern Europe,
Southern Europe, Central Europe and the USA). Longitudinal exposures were studied both by time-varying Cox proportional
hazard regression and by joint modelling. Multiple testing was considered using family-wise error rate at 0.05.
Results In the Trial to Reduce IDDM in the Genetically at Risk (TRIGR) population, 305 (14.2%) developed IA and 172 (8%)
developed type 1 diabetes. The proportions of children overweight (including obese) and obese only were 28% and 9% at
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10 years, respectively. Annual growth measures were not associated with IA, but being overweight at 2–10 years of life was
associated with a twofold increase in the development of type 1 diabetes (HR 2.39; 95% CI 1.46, 3.92; p < 0.001 in time-varying
Cox regression), and similarly with joint modelling.
Conclusions/interpretation In children at genetic risk of type 1 diabetes, being overweight at 2–10 years of age is associated with
increased risk of progression from multiple IA to type 1 diabetes and with development of type 1 diabetes, but not with
development of IA. Future studies should assess the impact of weight management strategies on these outcomes.
Trial registration ClinicalTrials.gov NCT00179777
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Abbreviations
DAISY Diabetes Autoimmunity Study in the Young
GADA GAD autoantibody
IA Islet autoimmunity
IAA Insulin autoantibody
IA-2A Islet antigen-2 autoantibody
IOTF International Obesity Task Force
PTP Pathway to Prevention
TEDDY The Environmental Determinants of Diabetes in

the Young
TRIGR Trial to Reduce IDDM in the Genetically at Risk
ZnT8A Zinc transporter 8 autoantibody

Introduction

The incidence of type 1 diabetes in children and young adults
continues to increase in most developed countries [1],

although levelling off is seen in some [2]. The rise in the
disease incidence has been reported to be due to increased
rates of disease in younger age groups. A recent report from
the US population observed racial differences in incidence
rates, with increases occurring at 10–14 years and 0–4 years
of age in white and black children, respectively [3]. The auto-
immune process that results in beta cell destruction and leads
to type 1 diabetes is believed to be the result of a combination
of genetic predisposition and environmental or lifestyle risk
factors. Environmental triggers considered to influence the
expression of the disease include viruses, the intestinal
microbiome, rapid growth and weight gain, and nutritional
factors [4, 5].

The causes of childhood obesity are multifactorial, with
predisposing genetic factors and environmental components
that include excessive energy intake in relation to physical
activity [6]. Observations of greater birthweight as well as
increasing trends for childhood obesity worldwide have led
researchers to hypothesise that accelerated childhood growth
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may contribute to the increasing incidence of type 1 diabetes
[7–10]. Increased growth could either initiate or accelerate
islet autoimmunity (IA). One possible mechanism is that
excess weight gain and sedentary lifestyle could cause insulin
resistance and hyperinsulinaemia and further increased beta
cell metabolism [11]. These metabolically active beta cells
have been shown to be more vulnerable to autoimmune attack
by cytokines than cells at rest [12]. A second possibility is that
obesity-related insulin resistance with associated increased
insulin demand may accelerate an ongoing beta cell destruc-
tive process and/or result in earlier or accelerated presentation
of type 1 diabetes [13]. Maternal diabetes during pregnancy,
including type 1 diabetes, has been associated with an
increased prevalence of childhood obesity largely as a result
of fetal exposure to hyperinsulinaemia. This may be due partly
to increased concentrations of glucose stimulating the fetal
beta cells and partly as a consequence of transplacental trans-
fer of insulin–insulin antibody complexes from the maternal
circulation, increased fat deposition and macrosomia [14].
Factors associated with maternal type 1 diabetes, including
shorter duration of breastfeeding and higher birth size, are
believed to contribute to this observed increase in being over-
weight and obese in offspring during childhood [15]. Despite
these risk factors for obesity, maternal type 1 diabetes
increases the risk of type 1 diabetes in the offspring less than
type 1 diabetes in other first-degree relatives [16].

There is some inconsistency in the literature on the effect of
growth measures during the first years of life on the develop-
ment of IA or type 1 diabetes [17–22]. A meta-analysis of 29
primarily European studies reported that children who have a
higher birthweight have a small increase in the risk of type 1
diabetes [23]. Increased rate of weight gain during childhood
has also been associated with development of type 1 diabetes
[9, 17, 24] and progression from IA to type 1 diabetes [25, 26].
However, another study reported that weight, BMI, and
weight and BMI velocities were not associated with develop-
ment of IA or progression from IA to type 1 diabetes [27]. A
recent prospective study reported that a lower rate of linear
growth during infancy and higher rate of linear growth in early
childhood (up to 4 years) were associated with increased risk
of progression from IA to type 1 diabetes [21]. Two other
studies reported that an increased rate of linear growth during
the first two years of life was associated with developing
multiple IA [28] and during childhood (2–11 years) was asso-
ciated with earlier development of IA [27].

The association of the occurrence of being overweight and
obese with the development of IA and type 1 diabetes is
unknown. We examined growth measures (weight, length/
height and occurrence of being overweight and obese) annu-
ally and over time (up to 10 years of age) and the risk of
development of IA and type 1 diabetes in the Trial to
Reduce IDDM in the Genetically at Risk (TRIGR) population
who have at least one first-degree relative with type 1 diabetes

and carry HLA-conferred susceptibility. We hypothesised that
a higher weight and length/height z score and occurrence of
being overweight and obese (annually and over time) during
childhood are associated with islet autoantibody positivity and
a greater risk of type 1 diabetes. If confirmed in this large
international population, weight loss treatment programmes
to slow excess weight gain should be considered in the
prevention of type 1 diabetes.

Methods

Design and participants The TRIGR study is an international
type 1 diabetes prevention trial designed to determine whether
weaning to a hydrolysed infant formula reduces the incidence
of type 1 diabetes in children with a first-degree relative with
type 1 diabetes and increased HLA-defined genetic risk. The
trial was approved by the Ethics Institutional Review Boards
and Committees of Human Experimentation in all participat-
ing TRIGR centre institutions. Written informed consent was
obtained from the family prior to enrolment and assent was
obtained for underage participants during the study, if
required. A full description of the TRIGR study design has
been reported previously [29]. In total, 2159 children at
increased risk for developing type 1 diabetes from the USA,
Canada, Australia and 12 countries in Europe were recruited
for the trial between May 2002 and January 2007. Children
were monitored until the last child reached 10 years of age for
the frequency of type 1 diabetes-associated autoantibodies
and/or the development of clinical diabetes. HLA genotyping
for selected DQB1 and DQA1 alleles was performed using
sequence-specific oligonucleotide hybridisation. Children
with the following risk genotypes were included: (1) HLA
DQB1*02/DQB1*03:02 (high risk); (2) HLA DQB1*03:02/x
(moderate risk; x not DQB1*02, DQB1*03:01 or
DQB1*06:02); (3) HLA DQA1*05-DQB1*02/y (y not
DQA102:01-DQB1*02, DQB1*03:01, DQB1*06:02 or
DQB1*06:03) or HLA DQA1*03-DQB1*02/y (mild risk; y
not DQA102:01-DQB1*02, DQB1*03:01, DQB1*06:02 or
DQB1*06:03).

Variable measures As part of the TRIGR study protocol,
anthropometric indices (weight in kilograms and length before
2 years of age or height beginning at 2 years of age in
centimetres) were obtained at birth and at each study visit
(every 3 months until 1 year of age and annually thereafter
to age 10–14 years). Participants with anthropometric data are
included in this secondary analysis (N = 2149). BMI was
calculated beginning at 2 years of age. The International
Obesity Task Force (IOTF) cut-off points for being over-
weight (corresponding BMI = 25 kg/m2 in adults) and obese
(corresponding BMI = 30 kg/m2 in adults) by age and sex
were used (available from 2 years of age onwards) [30].
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Because there were no differences in any of these measures
between the two intervention groups, their data were
combined. Any IA was defined as positivity for one or more
of the following biochemical autoantibodies: insulin autoanti-
bodies (IAA), islet antigen-2 autoantibody (IA-2A), GAD
autoantibody (GADA) and zinc transporter 8 autoantibody
(ZnT8A), on two or more sequential study visits. IAA first
antibody is IAA being the first positive antibody out of
GADA, IAA, IA-2A and ZnT8A. GADA first antibody is
GADA being the first positive antibody out of GADA, IAA,
IA-2A and ZnT8A. Multiple IA was defined as positivity for
two or more autoantibodies on two or more sequential study
visits. Progression from multiple IA to type 1 diabetes was
defined as the development of type 1 diabetes after being
positive for multiple IA. Growth data up to the date of sero-
conversion to IA or within 3months of the date of diagnosis of
type 1 diabetes were used in the analyses. IAA, IA-2A,
GADA and ZnT8A were quantified with the use of specific
radiobinding assays in the Scientific Laboratory, Children’s
Hospital, University of Helsinki, Helsinki, Finland [31]. Type
1 diabetes was diagnosed according to the World Health
Organization criteria [32].

Statistical analysis An imputation algorithm was used to
correct errant entered weight and length/height values.
Missing data were ignored in the time-dependent Coxmodels.
Twenty-nine per cent of the participants had one or more
missing calculated BMI values from the time of birth to their
last visit. However, joint modelling by design inputs missing
data based on the longitudinal mixed modelling that was
performed. Ten participants had no weight or length/height
measures and were not included in the analyses.

Cox proportional hazard models were used to assess
the association of fixed measures for weight z score,
length/height z score and being overweight and/or obese
by age with the development of any IA, IAA first anti-
body, GADA first antibody, multiple IA, progression
from multiple IA to type 1 diabetes and type 1 diabetes.
Similarly, Cox proportional hazard models with time-
dependent covariates (last value carried forward) for
weight z score, length/height z score and being over-
weight and/or obese were constructed for the develop-
ment of any IA, IAA first antibody, GADA first anti-
body, multiple IA, from multiple IA to type 1 diabetes
and type 1 diabetes. These models were adjusted for
birthweight z score, birth length z score, sex, HLA risk
and maternal type 1 diabetes (yes/no), and, to account
for possible non-proportional hazards, were stratified by
region of residence (Australia, Canada, Northern Europe
[Finland, Sweden], Southern Europe [Italy, Spain],
Central Europe I [Czech Republic, Estonia, Hungary,
Poland], Central Europe II [Germany, Luxembourg, the
Netherlands, Switzerland] and the USA) (Table 1).

Joint models (models that fit jointly generalised mixed
models for longitudinal data and proportional hazard models
for time-to-event response) for each measure (weight z score,
length/height z score and being overweight and/or obese based
on IOTF cut-off points) were constructed to predict the time to
IA and type 1 diabetes. These models, likewise, were stratified
by region and adjusted for birthweight z score, birth length z
score, sex, HLA risk and maternal type 1 diabetes (yes/no).
The joint model analysis could not be completed for obesity
(IA, type 1 diabetes) and for being overweight (IA) as the joint
model failed to converge.

For participants whowere lost to follow-up, all information
available up until the date of their last study visit was used in
the time-dependent Cox models as well as in the joint model-
ling. To account for multiple testing, the Bonferroni method
was used to control the family-wise error rate at 0.05. As such,
p values less than 0.005 were considered statistically signifi-
cant. All analyses were performed using Statistical Analysis
Software (version 9.4; SAS Institute, Cary, NC, USA).

Results

Of the 2149 TRIGR participants, 305 (14%) developed IA and
172 (8%) type 1 diabetes (Table 1). The median (IQR) age of
seroconversion to IA was 36.4 (17.8–64.3) months and the
onset of type 1 diabetes 71.5 (35.1–108.6) months. The demo-
graphic characteristics of the TRIGR study population are
shown in Table 1. Sex and anthropometric measures at birth
did not predict the development of IA or type 1 diabetes.
Compared with the highest-risk genotype, fewer children with
the moderate- and lower-risk genotypes developed IA and
type 1 diabetes. The proportions of participants who were
overweight and obese by sex at annual visits from 2 to 10 years
of age are shown in electronic supplemental material (ESM)
Fig. 1. In both female and male children, the proportions of
children overweight (including obese) and obese rose steadily
from ~9% and ~1.5%, respectively, at 2 years to 28% and 9%,
respectively, by age 10 years.

Growth measures and development of IA The growth
measures at any age point (weight z score, length/height z
score and occurrence of being overweight and obese) adjusted
for birthweight z score, birth length/height z score, sex, HLA
risk, maternal type 1 diabetes status, mode of delivery and
breastfeeding duration, and stratified by region of residence,
were not associated with the development of any IA, IAA
first, GADA first or multiple IA in Cox proportional hazard
models when multiple testing was considered (ESM Tables 1
and 2). In the time-varying model of growth from 1 year up to
10 years of age, weight z scores, length/height z scores and
being overweight and obese were not associated with the
development of any IA, first antibody or multiple IA.
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Similarly, joint modelling analysis for weight z score, length/
height z score and occurrence of being overweight indicated
that the measures of growth over time were not associated
with the development of any IA or multiple IA.

Growth measures and development of type 1 diabetes The
association of growth measures with the progression from
multiple IA to type 1 diabetes and with the development of
type 1 diabetes was assessed using fixed measures and longi-
tudinal exposures. In the time-varying model of growth from
1 year up to 10 years of age, weight z score was associated
with the progression from multiple IA to type 1 diabetes (HR
1.53; 95% CI 1.16, 2.03; p = 0.003) and with the development
of type 1 diabetes (HR 1.43; 95% CI 1.20, 1.72; p < 0.001;
ESM Table 3). In addition, the time-varying Cox regression
model showed that the risk of developing type 1 diabetes was
two times as high over time in children who were overweight
from 2 years up to 10 years of age (HR 2.39; 95% CI 1.46,

3.92; p < 0.001) (Table 2). A similar result was observed
according to joint modelling (HR 2.16; 95% CI 1.40, 3.21;
p = 0.004). Cox proportional hazard regression analysis of
fixed measures revealed an increase in risk of progressing
frommultiple IA to type 1 diabetes for weight z score at 3 years
of age (HR 1.48; 95% CI 1.13, 1.92; p = 0.004) after adjust-
ment for covariates and when multiple testing was considered
(ESM Table 3). An increase in the risk of progression from
multiple IA to type 1 diabetes was also observed at 3 years of
age in children who were overweight (HR 3.61; 95% CI 1.73,
7.54; p < 0.001) and in children who were obese (HR 18.88;
95% CI 4.27, 83.45; p < 0.001) (Table 2 and Fig. 1a–d).

Discussion

In this international, large birth cohort of 2149 children with
increased genetic risk of type 1 diabetes, we observed a strong

Table 2 The risk of type 1
diabetes associated with being
overweight (including obese) and
obese by age and time-varying
model of being overweight
(including obese) and obese and
up to 10 years of age using IOTF
BMI cut-off points (N = 2149)

Variable Frommultiple IAa to type 1 diabetes (n = 133) Type 1 diabetes (n = 172)

HR 95% CI p value HR 95% CI p value

Overweight (%)

2 years 1.83 0.84, 3.98 0.13 1.26 0.71, 2.21 0.43

3 years 3.61 1.73, 7.54 <0.001 1.07 0.62, 1.83 0.82

4 years 1.65 0.85, 3.21 0.14 1.50 0.89, 2.52 0.13

5 years 1.96 1.03, 3.72 0.04 1.75 1.03, 2.96 0.04

6 years 3.01 1.37, 6.64 0.006 1.86 1.05, 3.31 0.03

7 years 2.84 1.25, 6.44 0.01 1.49 0.82, 2.72 0.19

8 years 2.41 1.09, 5.31 0.03 1.42 0.77, 2.62 0.26

9 years 2.36 0.68, 8.25 0.18 1.35 0.66, 2.77 0.41

10 years 2.30 0.41, 13.02 0.34 1.31 0.53, 3.26 0.56

Obesity (%)

2 years 6.76 1.68, 27.28 0.007 1.59 0.50, 5.08 0.44

3 years 18.88 4.27, 83.45 <0.001 1.73 0.63, 4.77 0.29

4 years 1.83 0.56, 5.99 0.32 1.44 0.52, 4.00 0.48

5 years 2.79 0.77, 10.05 0.12 1.83 0.78, 4.31 0.17

6 years 3.38 1.07, 10.68 0.04 2.40 1.12, 5.14 0.02

7 years 1.61 0.46, 5.61 0.46 1.60 0.67, 3.83 0.29

8 years 1.96 0.71, 5.45 0.20 2.07 0.94, 4.55 0.07

9 years 1.54 0.31, 7.57 0.59 1.98 0.74, 5.33 0.18

10 years 70.85 1.11, 4529.89 0.04 2.15 0.68, 6.83 0.19

Overweight up to 10 years 2.17 1.12, 4.19 0.02 2.39 1.46, 3.92 <0.001

Obesity up to 10 years 0.98 0.21, 4.61 0.98 2.08 0.93, 4.64 0.07

Overweight (joint modelling) b b b 2.16 1.40, 3.21 0.004

Obesity (joint modelling) b b b b b b

HRs adjusted for birthweight z score and birth length z score, sex, HLA risk, maternal type 1 diabetes status, mode
of delivery and breastfeeding duration, and stratified by region of residence. Presented p values are nominal
(uncorrected) p values, and were considered significant if <0.005
aAntibodies include IAA, IA-2A, GADA and ZnT8A; the number of children with multiple IA = 190
bModel failed to converge
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positive association between being overweight over 2 to
10 years of age and development of type 1 diabetes. This
association remained significant after controlling for the
confounders and multiple testing, and the finding was the
same using time-varying Cox proportional hazard regression
and joint model analysis. Weight z score from 1 year up to
10 years of age was associated with greater risk of progression
from multiple IA to type 1 diabetes. A similar association was
found with weight z score and being overweight and obese at
the 3 year age point. A possible explanation for this observa-
tion is that children who are heavier and taller require more
insulin. If insulin secretion does not parallel an increase in
growth, then insulin insufficiency results in the development
of type 1 diabetes. Weight or height z scores or being over-
weight or obese were not significantly associated with devel-
opment of IA or multiple IA. Neither did anthropometric
measures at birth predict the development of IA or type 1
diabetes.

The strengths of the study include a large cohort with a
carefully constructed study protocol and the use of strictly
standardised and validated prospective data collection and
measurement methods. Participation in the study remained
excellent during the long follow-up. Compared with other
prospective studies that examined associations between child-
hood growth measures and development of IA and type 1
diabetes, this study has a long follow-up and a relatively high
number of children who developed any IA, multiple IA or
type 1 diabetes. Frequent measurements of growth both before

and after seroconversion enabled us to explore the associa-
tions of the growth measures with both initiation and acceler-
ation of the IA development.

In the TRIGR population, the proportions of children over-
weight (including obesity) and obese increased by age,
reaching 28% and 9%, respectively, at 10 years in both sexes
(from 2012 to 2017). By comparison, in the general popula-
tion a systematic analysis of being overweight and obese in
children from developed countries by the Global Burden of
Disease 2013 Obesity Collaboration revealed a prevalence of
being overweight or obese of 24% (95% CI 23%, 25%) for
boys and 23% (95% CI 22%, 24%) for girls aged 2–19 years
using the IOTF cut-off points, which is lower than the preva-
lence of being overweight (including obese) for the TRIGR
population at 10 years of age [33]. The proportion of 11-year-
old European children who were overweight or obese in the
Health Behavior in School-Aged Children Study:
International Report from the 2013–2014 Survey was 17%
in girls and 27% in boys using IOTF BMI cut-off points,
which is also lower than the TRIGR study population from
the same time period [34].

The Diabetes Autoimmunity Study in the Young (DAISY)
includes a US population of children at increased genetic risk
for type 1 diabetes [24]. At 8 years of age, DAISY children
were observed to have a mean ± SD BMI of 16.83 ± 2.38 kg/
m2. This is approximately the 50% percentile on the Centers
for Disease Control and Prevention (CDC) Clinical Growth
Charts for boys and girls [35]. We previously reported

a

c

b

d

1
2
3
4
5
6
7
8
9

10

0 2 4 6 8 10 12 14

Ag
e

(y
ea

rs
)

HR (95% CI)

1
2
3
4
5
6
7
8
9

10

0 2 4 6 8 10 12 14

Ag
e

(y
ea

rs
)

HR (95% CI)

1
2
3
4
5
6
7
8
9

10

0 2 4 6 8 10 12 14

Ag
e 

(y
ea

rs
)

HR (95% CI)

1
2
3
4
5
6
7
8
9

10

0 2 4 6 8 10 12 14

Ag
e

(y
ea

rs
)

HR (95% CI)

* b, *

a
Fig. 1 Risk of type 1 diabetes
associated with being overweight
(including children who are
obese) and obese by age (2 to
10 years). Progression from
multiple islet autoimmunity to
type 1 diabetes associated with
being overweight (a) and obese
(b). Development of type 1
diabetes associated with being
overweight (c) and obese (d).
*p < 0.001; aactual values (HR
70.85 95% CI 1.11, 4529.89);
bactual values (HR 18.88, 95% CI
4.27, 83.45)
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differences in early childhood growth between TRIGR
regions [36]. The higher early childhood weight and length
measures were consistent with the higher incidence of type 1
diabetes in Northern European TRIGR countries and Canada
compared with southern countries [37], which supported a
relationship but did not determine causality.

Our results are inconsistent with some previous studies that
showed direct association between linear growth parameters
and the development of IA in children at increased genetic risk
of type 1 diabetes. Greater linear growth velocity was associ-
ated with IA and type 1 diabetes in the at-risk Colorado
DAISY study population (N = 1714) [24] and with an
increased risk of progression from IA to type 1 diabetes in
The Environmental Determinants of Diabetes in the Young
(TEDDY) study (N = 7522) [21], while no association
between length/height and IA or type 1 diabetes risk or
progression from IA to type 1 diabetes was observed in
TRIGR. The difference in results may be due to differences
between the study populations or in measurement techniques
in the varying studies. The DAISY population includes three
groups of children at risk for developing type 1 diabetes (unaf-
fected first-degree relatives of patients with type 1 diabetes,
infants screened for HLA susceptibility at birth and siblings of
the newborn-screened group). The TEDDY study population
includes a cohort covering four countries of genetically high-
risk children, the majority selected from the general popula-
tion, whereas participants in the TRIGR study were recruited
from a high-risk population with affected first-degree relatives
in 15 countries and additionally were screened for HLA-
conferred risk genes. In both TEDDY and TRIGR studies,
hazard models were adjusted for similar variables (birth
measures, sex, HLA risk, family history of type 1 diabetes
[TEDDY] or maternal type 1 diabetes [TRIGR], duration of
exclusive breastfeeding and country of residence).

Moreover, while we observed no association between birth
measures and the development of type 1 diabetes, a primarily
European study meta-analysis revealed an increase in type 1
diabetes risk of 3% per 500 g increase in birthweight after
adjustment for gestational age, maternal age, birth order,
Caesarean section, breastfeeding and maternal diabetes
[23]. In addition, children in the Diabetes Prediction in
Skåne study who developed type 1 diabetes were taller at
birth compared with age- and sex-matched control partici-
pants born to mothers without type 1 diabetes [38]. A
systematic review and meta-analysis suggests that child-
hood obesity increases the risk of type 1 diabetes [17].
Weight gain rate in early childhood was directly associated
with progression from IA to type 1 diabetes in the TEDDY
study but only in children with GADA appearing first [21].
In the time-varying model of weight z score from 1 year up
to 10 years of age, we observed an association with
progression from multiple IA to type 1 diabetes but did
not examine this based on appearance of first IA.

Our observation that being overweight is associated with
progression from multiple IA to type 1 diabetes and with the
development of type 1 diabetes is consistent with the obser-
vation of higher weight and body composition measures in a
large population (N = 9248) of young German and Austrian
children (<5 years of age) diagnosed with type 1 diabetes [39].
In a subgroup (n = 1117) of participants of the TrialNet
Pathway to Prevention (PTP) study, which includes first-,
second- or third-degree relatives (2 to 18 years of age) of
people with type 1 diabetes, consistent elevation of BMI
≥85th percentile was found to be associated with increased
risk of progression from IA to type 1 diabetes [26]. This
increased risk occurred at a lower level of sustained elevated
BMI in children <12 years of age, particularly in female chil-
dren. In the TrialNet PTP subgroup of participants (n = 706)
who were single autoantibody positive, persistently elevated
BMI was found to increase the risk of developing multiple IA
in children >9 years of age who did not carry high-risk HLA
haplotypes but not in children <9 years of age regardless of
HLA type [27]. The TrialNet PTP results are somewhat
consistent with our observations. However, TrialNet exam-
ined the association between persistent excess weight in
participants and risk of IA or progression to type 1 diabetes,
whereas we examined being overweight and/or obese.

The lack of information on parental weight and height is a
limitation of this study. Neither did we have information on
puberty timing of the participating children. As the partici-
pants had a very high genetic risk of type 1 diabetes due to
HLA-conferred risk genes and at least one of the first-degree
relatives having type 1 diabetes, these findings are not neces-
sarily generalisable to populations with lower genetic suscep-
tibility. We did not assess insulin resistance by the homeostat-
ic model of assessment. Therefore, we cannot confirm that the
progression from multiple IA to type 1 diabetes was acceler-
ated by insulin resistance. We used BMI as a measure of
adiposity in our population. The assessment of excess adipos-
ity may be strengthened in future studies by the use of objec-
tive measures of fat mass such as blood leptin level and
adiponectin concentration [40].

Increased weight and consistent overweight status in young
children increased the risk of developing type 1 diabetes in a
large, international population of children at high genetic risk.
This is the first study to examine the relationship between
weight status, expressed as being overweight and obese, and
the development of IA, multiple IA and type 1 diabetes in
addition to the progression from multiple IA to type 1 diabe-
tes. The World Health Organization has reported that child-
hood obesity is a serious global public health challenge that
affects countries worldwide [41]. In comparison with children
at a healthy weight, children who are overweight or obese are
at higher risk for pulmonary, endocrine (insulin resistance)
and cardiovascular conditions during childhood that may have
long-lasting effects [42]. Treatment programmes to slow the
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progress of weight gain or encourage gradual weight loss in
children may be implemented based on BMI status (over-
weight or obese) [43]. In addition to setting targets for stop-
ping the increase in obesity, expert committees have devel-
oped action steps and recommendations for healthcare profes-
sionals to aid with the prevention and treatment of childhood
obesity [43, 44]. The results of this study support prior
research that has shown an association between growth and
the development of type 1 diabetes in children and expand the
literature by reporting associations using standardised defini-
tions of being overweight and obese that guide clinical prac-
tice. Future studies should assess the impact of weight
management strategies on these outcomes.
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