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Abstract

Aims To review and synthesize the published evidence on the possible association between childhood obesity and the

subsequent risk of Type 1 diabetes.

Methods The PubMed database was systematically searched for studies using childhood obesity, BMI or %weight-for-height

as the exposure variable and subsequent Type 1 diabetes as the outcome. Studies were only included if assessment of obesity

preceded the diagnosis of Type 1 diabetes.

Results Eight case–control studies and one cohort study were included, comprising a total of 2658 cases. Of these nine studies,

seven reported a significant association between childhood obesity, BMI or %weight-for-height and increased risk for Type 1

diabetes. Meta-analysis of the four studies that reported childhood obesity as a categorical exposure produced a pooled odds

ratio of 2.03 (95% CI 1.46–2.80) for subsequent Type 1 diabetes; however, in those studies, age at obesity assessment varied

from age 1 to 12 years. A dose–response relationship was supported by a continuous association between childhood BMI and

subsequent Type 1 diabetes in a meta-analysis of five studies (pooled odds ratio 1.25 (95%CI 1.04–1.51) per 1 sd higher BMI).

Conclusion There is overall evidence for an association between childhood obesity, or higher BMI, and increased risk of

subsequent Type 1 diabetes. Several theories have been proposed for a causal relationship. Reduction in Type 1 diabetes should

be considered as a potential additional benefit of preventing childhood obesity.
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Introduction

Twins studies indicate a joint contribution of genetic and

environmental factors to the aetiology of Type 1 diabetes [1,2].

Furthermore, the major relevance of environmental

determinants is indicated by the steep rise in Type 1 diabetes

incidence in immigrants from lower to higher incidence regions,

the differences between genetically identical populations with

very different living conditions [3], and by the rising incidence of

childhood Type 1 diabetes over several decades in many

populations [4,5]. The multi-centre EURODIAB study reported

a 3.2% annual increase in Type 1 diabetes incidence among

European children from 1989 to 2000 [4], and the DIAMOND

study, which collected information on childhood diabetes from

112centresaroundtheworld, founda2.8%annual increaseover

the same time period [5]. Many potential ‘triggers’ for Type 1

diabetes have been investigated, including short duration or lack

of breastfeeding, early infancy exposure to cow’s milk protein

and infections such as enterovirus and rubella [6]. However,

none of these associations has yet been proven to be causal.

The suggestion that Type 1 diabetes may be associated with

increased weight gain in childhood was first made by Baum and

co-workers in 1975 [7]. Baum et al. proposed that this might be

either attributable to overfeeding or was an early sign of

hormonal dysregulation [7]. This observation was revisited

when clinicians and epidemiologists noted the simultaneous rise

of Type 1 diabetes incidence and childhood overweight and

obesity. The International Obesity Task Force estimated that
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during the 1990s the prevalence of childhood overweight

increased by 1% per year in Europe, the USA, Canada and

Australia [8].However, in spiteofmuchresearchandseveralnew

hypotheses about the pathogenesis of Type 1 diabetes, the

relevance of increased childhood weight gain remains unclear.

Data from the Organization for Economic Co-Operation and

Development report [9] from 16 wealthy countries does not

reveal any obvious relationship between national estimates of

childhood obesity prevalence and incidence rates of Type 1

diabetes (Table 1). Therefore, obesity does not account for the

wide between-country differences in Type 1 diabetes incidence,

which range from 0.57 per 100 000 person-years in China to

more than 48 per 100 000 person-years in Sardinia and Finland

in the 0- to 14-year age group [10].

A positive association between higher birthweight and Type 1

diabetes risk has been recently demonstrated by meta-analysis

[11]. Birthweight is influenced by various maternal, fetal and

genetic factors, which may be different from the factors that

influence childhood obesity [12]. To our knowledge, there has

been no systematic review of the association of childhood obesity

and subsequent Type 1 diabetes. We therefore aimed to collate

and synthesize the published evidence regarding this prospective

association.

Methods

Search strategy

Asearchofpublished literaturewasconductedusing thePubMed

database. The Medical Subject Headings (MeSH) terms

‘Obesity’, ‘Body Weight’ and ‘Body Mass Index’ were

combined with the operator ‘OR’. The MeSH term ‘Diabetes

Mellitus, Type 1¢ was entered. This term incorporates all terms

previously used to describe this disease, including insulin-

dependent diabetes, juvenile diabetes and autoimmune

diabetes. The MeSH term ‘Epidemiologic Studies’, which

includes the terms ‘Case–Control Studies’ and ‘Cohort Studies’,

was combined with the term ‘Epidemiology’ (included as a

heading and subheading) using the ‘OR’ operator. These three

elements were combined using the operator ‘AND’.

This search identified 1085 titles with publication dates up to

February 2010. Further limitation to articles in English or French

reduced this number to 968 articles. Abstracts of these articles

were read and evaluated on the basis of the inclusion criteria.

Inclusion criteria

Studies from peer-reviewed journals were included if the

exposure variable was obesity, BMI or another variable of

weight-for-height assessed after birth up to age 18 years, and the

outcome was Type 1 diabetes. One article was excluded because

it did not adequately distinguish Type 1 diabetes from Type 2

diabetes in the outcome ascertainment.

In addition, in order to fulfill the requirement of temporality,

all measurements had to be taken prior to Type 1 diabetes onset.

Several studies had explored the related question of whether

earlier age of onset of Type 1 diabetes is associated with obesity

or BMI status [13–21]. Such studies were excluded because they

did not include non-diabetic control groups and they measured

obesity status only at the time of Type 1 diabetes onset or later.

BMI at Type 1 diabetes onset could be lower as a result of

dehydration or acute weight loss, while measurements taken

after diagnosis could be increased by the anabolic effects of

insulin therapy.

Meta-analysis

For studies reporting results of childhood obesity, or BMI,

inverse variance meta-analysis was performed using the ‘metan’

command in Stata [22]. In the absence of significant

heterogeneity between study estimates, a fixed-effects model

was chosen. In the presence of significant heterogeneity, a

random-effects model was chosen. Analyses were performed

using Stata software, release 9 [23].

Table 1 Relationship between Type 1 diabetes incidence and prevalence of
childhood overweight or obesity in 16 Organization for Economic
Co-Operation and Development (OECD) countries

Country

Type 1 diabetes

incidence rate in children

aged 0–14 years

(per 100 000

person-years)

% of children

aged 11–15

years overweight

or obese

Finland 57.4 15.8

Sweden 41.0 10.5

Norway 27.9 10.0

UK 24.5 12.0

Denmark 22.2 9.7

Canada 21.7 21.3

USA 20.8 29.8

Netherlands 18.8 8.0

Germany 18.0 12.0

Ireland 16.3 14.2

Iceland 14.7 14.5

Spain 13.0 16.7

Poland 12.9 11.2

France 12.2 10.5

Greece 9.9 18.8

Italy 8.4 18.3

Figures from Health at a Glance 2009: OECD Indicators (9).

There was no evidence for a positive correlation between these

country-level estimates of Type 1 diabetes incidence rates in

children and the percentage of children overweight or obese

(r = –0.1).

Childhood overweight and obesity was based on the Interna-

tional Obesity Task Force Criteria (38), and data are from the

Health Behaviour in School-Aged Children Surveys taken in

2005 and 2006 in OECD countries (9).

Incidence data and method of ascertainment of Type 1 diabetes

were based on the International Diabetes Federation’s Diabetes

Atlas, 4th edition (50).
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Results

Eight case–control studies and one cohort studymet the inclusion

criteria, comprising a total of 2658 cases; details of these studies

are shown in Table 2. Six of the eight case–control studies were

from Scandinavian countries, which had access to routinely

collected historical growth measurements from universal child

welfare programmes. Studies differed substantially with regard

to age at obesity assessment and the definition of obesity and ⁄ or

growth references used. Only four studies reported results for

childhood obesity as a categorical exposure (Table 3), while

other studies reported results for BMI (Table 3) or %weight-for-

height (Table 4) as continuous or other categorized exposure

variables. Studies also differed according to the use of matching

variables to select controls, and also in their choice of covariates

(Table 2).

Obesity

All four studies that examined childhood obesity as an exposure

[24–27] reported a positive association with Type 1 diabetes.

Odds ratios ranged from 1.73 to 3.77 (Table 3). The studies

varied in the definition of obesity and the age at measurement.

Svensson et al. [24] assessed obesity at age 1 year, Viner et al.

[27] at age 10 years and the EURODIAB study [25] at various

ages after age 2 years. Hypponen et al. [26] assessed obesity at

six different ages from 2 to 12 years; at four of these six time

points, the odds ratios for Type 1 diabetes were statistically

significant, although the numbers of children declined with

increasing age as more case children developed Type 1 diabetes.

A meta-analysis was performed on the results of these four

studies, giving a pooled odds ratio of 2.03 (95% CI 1.46–2.80)

(Fig. 1). This estimate was based on the age 2 years results from

Hypponen et al. [26], as this was the age group that had the

largest sample size (1056 out of 1157 participants had

measurements at age 2 years). Sensitivity analyses using results

at different ages did not alter the pooled estimate [e.g. using the

odds ratio at age 6 years gave a pooled odds ratio of 2.02 (1.50–

2.72)]. There was no heterogeneity between the studies

(I2 statistic 0%, P = 0.4).

Body mass index

Five studies reported risk of Type 1 diabetes according to

childhood BMI as a continuous variable (Table 3) [24,25,

27–29].All except forSvenssonet al. [24],whichassessedBMIat

age 1 year, reported a significant association with Type 1

diabetes. Two studies reported BMI in sd scores (SDS) [25,27]

and three in absolute units (kg ⁄ m2) [24,28,29]. Lammi et al. [28]

took the unique approach of reporting the ‘infant maximum

BMI’ at ages 0–3 years. In order to meta-analyse these results, we

converted the reported odds ratios in those studies that described

BMI in kg ⁄ m2 to equivalent odds ratios for a 1-sd increase in

BMI, using standard deviations for the appropriate ages from the

British 1990 growth reference [30]. This gave a pooled odds ratio

of 1.25 (95% CI 1.04–1.51) per 1- sd increase in BMI (Fig. 2).

There was substantial between-study heterogeneity in the

reported estimates (I2 = 82.4%, P < 0.001) and results from

the random-effects meta-analysis are therefore reported.

Three further studies reported the mean BMI difference

between Type 1 diabetes and control children, expressed in

kg ⁄ m2 or SDS (Table 3) [25,29,31]. Again, the studies were

inconsistent regarding the ages at which the largest differences

were seen. Bruining [31] reported a difference in BMI at 1 year,

and the EURODIAB study [25] found significant differences in

BMI from ages 6 months to 4 years, with the largest difference

being at age 1–2 years. In contrast, Ljungkrantz et al. [29]

reported a significant difference in BMI between cases and

control subjects at ages 5–13 years, but not at earlier ages.

Percent weight-for-height

Three older case-control studies [26,32,33] used %weight-for-

height as the exposure variable (Table 4). Hypponen et al. [26]

used %weight-for-height SDS as a continuous exposure variable

and found the differences in relative weight between case and

control subjects tobe largerat earlier ages (< 3 years) thanatages

3–10 years. The other two studies [32,33] used %weight-for-

height in the 4 or 5 years preceding Type 1 diabetes diagnosis as

a categorical exposure variable. While Pundziute-Lycka et al.

[32] reported a significant increase in diabetes risk for children in

the top and middle vs. the lowest tertile of %weight-for-height,

Blom et al. [33] found no difference in Type 1 diabetes risk in

children with %weight-for-height above vs. below the mean.

Discussion

Our systematic review has shown that, of nine published studies

examining the prospective association between childhood

obesity, BMI or %weight-for-height and subsequent Type 1

diabetes, eight reported a significant increased risk, or a positive

association, in at least one age group. Meta-analysis of four

studies showed that childhood obesity was associated with a

roughly twofold increase in the risk of subsequent Type 1

diabetes.

Quality of evidence

Eightof thenine studiesusedacase–controldesign,whichreflects

the infrequency of Type 1 diabetes to be appropriate for most

prospective cohort studies. In these studies, recall and

information bias was avoided by use of historical child

measurement records. Selection bias was avoided by selecting

consecutive incident cases from a defined clinic or registry and by

using centralized population registers to find appropriately

matched controls. All studies but two [29,33] reported

participation rates in each group, and these were usually

similar between cases and controls. In the one prospective

cohort study, by Viner et al. [27] based on the 1970 British Birth

Cohort Study, BMI was measured only once, at age 10 years.
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Sixty-oneparticipants reportedType 1diabetesat age30 years,

but the 14 participants who were diagnosed with Type 1

diabetes before age 10 years were excluded from the analysis.

Attrition was also a problem in that study, with the sample size

shrinking from 16 567 babies at birth to 8772 adults at age

30 years. Although loss to follow-up was higher in

disadvantaged groups, the authors emphasized that follow-up

was unrelated to overweight status at age 10 years [27].

Ascertainment of Type 1 diabetes was a potential cause of

misclassification bias, particularly for the studies in which

diabetes status was determined in individuals over the age of

15 years [27,28], as the prevalence of Type 2 diabetes increases

with age. Of these studies, Lammi et al. [28] used very strict

diagnostic criteria for Type 1 diabetes; however, Viner et al.

[27] relied on a self-administered questionnaire for outcome

ascertainment. Misclassification of obese cases with Type 2

diabetes could falsely exaggerate the association between

obesity and Type 1 diabetes.

Several of the case–control studies controlled for age, sex, and

region by matching. Only Bruining [31] used healthy siblings as

controls. Some studies adjusted for further potential

confounders, such as maternal age, birthweight, gestational

age, duration of breastfeeding and height, which have been

associated with Type 1 diabetes risk. Because of the paucity of

studies, we were unable to determine whether adjusted

estimates differed substantially from the crude estimates.

Limitations of the systematic review

In addition to the limitations of the individual studies, there

were some limitations to our systematic review. Both the meta-

analysis of thebinary childhoodobesity results and thesynthesis

of results from the other studies were limited by the wide variety

of age groups at which the exposure variable was measured.

Several studies reported results only for certain age groups and,

in some cases, it was difficult to determine whether this was

attributable to the study design or whether significant results

werepreferentially reported.Future collationof individual-level

data from the various studies could allow formal exploration of

the potential effect of modification by age. With two exceptions

[27,28], the studies were restricted to childhood-onset Type 1

diabetes. All identified studies were conducted in European

populations and, although not all studies specified the ethnic

composition of participants, it is likely that the vast majority of

children were of White European origin.

The relevance of obesity to Type 1 diabetes risk in non-

European origin children is therefore less clear. The

Organisation for Economic Co-Operation and Development

analysis relating Type 1 diabetes incidence to obesity

prevalence (Table 1) was restricted to European and North

American countries. While the prevalence of childhood obesity

is rising almost universally, the pattern of Type 1 diabetes

incidence varies substantially by country [5]. China has a very

low incidence of Type 1 diabetes (0.2–2.3 per 100 000 person-

years in children under 15 in 1990–1994), with no obviousT
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Table 3 Results of studies that reported childhood obesity or BMI as the exposure variable

Exposure Study

Definition of

exposure

Age at

measurements

Age at

diagnosis (years) Findings*

Obesity

(as a categorical

variable)

EURODIAB (25) IOTF obesity 1–6 months, 1–2,

2–4, 4–6 years

(to 1 month before

diagnosis)

0–14 OR = 1.73 (1.19–2.52) for

obesity after age 2 years

Hypponen et al. (26) > 120% of %

weight-for-height

Birth to 1 year

before diagnosis

0–14 OR = 2.35 (0.58, 9.52)

at age 2 years

OR = 2.37 (1.07, 5.26)

at age 4 years

OR = 2.10 (1.11, 3.98)

at age 6 years

OR = 2.36 (1.25, 4.46)

at age 8 years

OR = 2.25 (1.06, 4.80)

at age 10 years

OR = 2.96(0.90,9.75)

at age 12 years

Svensson et al. (24) BMI > 2 sd

above mean

1 year 0–14 OR = 3.77 (1.41–10.1)

at age 1 year

Viner et al. (27) IOTF obesity 10 years 10–30 HR = 3.1 (1.0–9.3)

at age 10 years

BMI

(as a continuous

variable)

EURODIAB (25) BMI SDS 1–6 months, 1–2,

2–4, 4–6 years

(to 1 months

before diagnosis)

0–14 OR 1.35 (1.15–1.57)

at age 1–2 years

(highest OR was

at age 2 years,

but significant from ages

6 months to 6 years)

Lammi et al. (28) Infancy

maximum

BMI (kg ⁄ m2)

Birth to 3 years 15–39 OR 1.21 (1.05–1.41) at

‘infancy maximum BMI’

Ljungkrantz et al. (29) BMI (kg ⁄ m2) Birth to 3 months

before diagnosis

0–15 OR = 1.19 (1.08–1.31)

at age 5 years

(no difference before

age 3 years,

but significant from

ages 5–13 years)

Svensson et al. (24) BMI (kg ⁄ m2) 1 years 0–14 OR = 0.96 (0.88–1.04)

at age 1 year

Viner et al. (27) BMI z-score at

age 10 years

10 years 10–30 HR = 1.8 (1.2–2.8)

at age 10 years

BMI

(mean difference

at baseline)

Bruining (31) BMI SDS 1 year 4–15 Case subjects had significantly

higher BMI at 1

year (P = 0.018,

numbers not shown)

EURODIAB (25) BMI SDS 1–6 months, 1–2,

2–4, 4–6 years

(to 1 month

before diagnosis)

0–14 +0.08 (–0.06 to 0.23)

at age 1–6 months

+0.16 (0.00–0.31)

at age 6 months–1 year

+0.27 (0.10–0.44)

at age 1–2 years

+0.21 (0.03–0.40)

at age 2–4 years

0.20 (–0.01 to 0.41)

at age 4–6 years

Ljungkrantz et al. (29) BMI (kg ⁄ m2) Birth to 3 months

before diagnosis

0–15 +0.69 (0.27–1.11) at age 5 years

(case subjects had significantly

higher BMI from

ages 5 to 13 years)

HR, hazard ratio; IOTF, International Obesity Task Force; OR, odds ratio; SDS, standard deviation score.

*Displayed age is the age at obesity ⁄ BMI assessment.
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secular change [5] despite a marked increase in the prevalence of

childhood overweight and obesity from 6 to 16% in a similar

period, 1989–1996 [34]. Japan also has a low incidence of

Type 1 diabetes (1.4–2.2 per 100 000 person-years in children

under 15 in 1990–1993) and this may even be falling [5] despite

a rise in childhood overweight and obesity from 7 to 10% from

1974 to 1996 [34]. Similarly in Brazil, the incidence of Type 1

diabetes (7–8 per 100 000 person-years in children under 15 in

1996–1999) appears to be falling [5] despite a rising prevalence

of childhood overweight and obesity from 4 to 14% between

1974 and 1997 [34]. There are fewer studies conducted in

Africa. In Algeria, where the prevalence of overweight in

children aged 6–17 was 6% in 2003, there was a 11.6% annual

increase in the incidence of Type 1 diabetes from 1990 to 1999

(overall 8.6 per 100 000 person-years in children under 15) [5];

however, this information was collected from only one region in

that country [5]. Kuwait has one of the highest incidence rates of

Type 1 diabetes outside of Europe (22.3 per 100 000 person-

years in children under 15 in 1992–1999) and is increasing by

7.0% per year (95% CI 3.0–11.1) [5]; notably Kuwait also has a

relatively high prevalence of childhood overweight and obesity

(15% in children aged 6–10 years) [34]. In summary, while

Type 1 diabetes incidence remains low in many non-European

origin populations, ongoing surveillance is required to detect

possible trends in those settings in response to the nutritional

transition to childhood obesity.

Biological plausibility and inferring causation

It has been suggested by several authors [6,33,44] that increased

childhood growth and weight gain increases peripheral insulin

demand, which could place greater stress on the B-cells and make

them more vulnerable to autoimmune attack. This hypothesis is

supported by animal models, which show that hyper-functioning

B-cells are more susceptible to damage by cytokines [28], and is

consistent with the observation in humans that Type 1 diabetes

onset often occurs during the pubertal growth spurt when insulin

Overall  (I2 = 0.0%, P = 0.409)

Hypponen et al. (age 2 years)

Study

EURODIAB

Viner et al.

Svensson et al.

2.03 (1.46, 2.80)

2.53 (0.67, 9.52)

Odds
ratio (95% CI)

1.73 (1.19, 2.52)

3.10 (1.03, 9.30)

3.77 (1.41, 10.10)

100.00

6.00

Weight (%)

74.43

8.73

10.84

0.0625 0.25 1 2.03 4 16
Odds ratio

FIGURE 1 Meta-analysis (fixed-effects inverse variance model) of studies of

childhood obesity as a risk factor for subsequent Type 1 diabetes.

Table 4 Results of studies that reported %weight-for-height as the exposure variable

Study

Definitions

of exposure

Age at

measurements

Age at

diagnosis (years) Findings

Blom et al. (33) %Weight-for-height

SDS (3 groups: £ 0,

0–1, ‡ 1 SDS)

1–5 years before

diagnosis

0–14 Compared with the reference

group (SDS £ 0)

0–1 SDS: boys OR = 0.79 (0.50–1.26)

0–1 SDS: girls OR = 0.86 (0.52–1.42)

> 1 SDS: boys OR = 0.78 (0.39–1.54)

> 1 SDS: girls OR = 0.88 (0.41–1.89)

Hypponen et al. (26) %Weight-for-height

SDS (continuous variable)

Birth to 1 years

before diagnosis

0–14 10% increase before age 3 years

associated with a 50–60%

increase risk of Type 1 diabete

10% increase at ages 3–10 years

associated with a 20–40%

increase risk of Type 1 diabetes

Pundziute-Lycka

et al. (32)

%Weight-for-height

SDS (tertiles)

4 years to 3 months

before diagnosis

7–14 OR = 4.09 (1.23–13.63)

for top vs. lowest tertile

OR = 3.83 (1.19–12.30)

for middle vs. lowest tertile

HR, hazard ratio; OR, odds ratio; SDS, standard deviation score.

Overall  (I2 = 82.4%, P = 0.000)

Ljungkrantz et al.

Study

EURODIAB

Viner et al.

Svensson et al.

Lammi et al.

1.25 (1.04, 1.51)

1.28 (1.12, 1.46)

Odds
ratio (95% CI)

1.35 (1.16, 1.57)

1.80 (1.16, 2.80)

0.94 (0.83, 1.06)

1.31 (1.06, 1.62)

100.00

23.39

Weight (%)

22.54

10.56

23.85

19.66

0.25 0.5 1 1.25 2 4
Odds ratio

FIGURE 2 Meta-analysis (random-effects inversevariancemodel)of studies

of childhood BMI as a risk factor for subsequent Type 1 diabetes. Odds

ratios correspond toa1-unit increase inBMIstandarddeviation score (SDS).
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demand is highest. Alternatively, a genetic predisposition to

hyperinsulinaemia could lead to both faster childhood growth

and weight gain and increased susceptibility to Type 1 diabetes

[28].The ‘AcceleratorHypothesis’ ofWilkin [44] takes this ideaa

step further by proposing that Type 1 diabetes and Type 2

diabetes are the same disease, both triggered by insulin resistance

and a predisposition toward B-cell apoptosis, and that they differ

only in their speed of onset. However, these hypotheses have not

been substantiated by recent studies using specific genetic

markers of Type 1 diabetes and Type 2 diabetes susceptibility

[45].

With regard to inferring causality, our inclusion only of

those studies that measured BMI prior to diagnosis of Type 1

diabetes provides clear evidence for a temporal relationship

between exposure and outcome. We also found evidence for a

dose–dependent effect, based on results of BMI as a continuous

variable. Overt demonstration of a causal relationship between

childhood obesity and Type 1 diabetes from randomized

controlled trials of obesity treatment or prevention would be

infeasible because of the relative infrequency of Type 1 diabetes.

However, it is possible that future surveillanceof Type 1 diabetes

could indicate whether trends in its incidence continue to reflect

changes in the prevalence of childhood obesity.

Clinical relevance

Childhood obesity is a global problem. For the general

population, prevention of childhood obesity is already an

established public health goal. However, the identification of

BMI as a potentially modifiable risk factor for Type 1 diabetes

could provide even further support for the promotion of healthy

lifestyles, particularly in populations with high incidence of

Type 1 diabetes. There is evidence that weight gain very early in

life is important in determining future risks of obesity [46] and

Type 1 diabetes, and some studies have shown that nutritional

counselling can be effective in influencing feeding behaviour in

parents of young children [6].

Ithasbeenarguedthatincreasingchildhoodobesitymaysimply

lead to earlier presentation of Type 1 diabetes in those who are

genetically susceptible, rather than increasing lifetime risk of

disease [13–21]. The Belgian Diabetes Registry reported an

increasing incidence of Type 1 diabetes before age 15 years

between 1989 to 2000, which was balanced by a decreasing

incidence between ages 15 and 40 years, and consequently there

was no change in the overall age group of 0–39 years [47].

Unfortunately, seven of the nine studies that we identified had

studiedonlychildhoodType 1diabetesas theoutcome(Table 2).

Both Lammi et al. [28] and Viner et al. [27] reported positive

associations with childhood obesity and ⁄ or BMI and risk of

Type 1 diabetes up to ages 39 and 30 years, respectively.

However, even if the influence of childhood obesity were

confined to an earlier age at onset, potentially delaying the onset

of Type 1 diabetes could have substantial benefits as the risks of

retinopathy, nephropathy, neuropathy and cardiovascular

disease are related to the duration of diabetes [48,49].

Conclusion

Our systematic review indicates a likely association between

childhood obesity, or higher BMI, and subsequent increased

risk of childhood-onset Type 1 diabetes. It is unclear at what

age BMI has the greatest impact nor the underlying

mechanism; however, reduction in Type 1 diabetes should

be considered as a potential additional benefit of preventing

childhood obesity.
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