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IMPORTANCE Type 1 diabetes mellitus is one of the most common chronic diseases with onset
in childhood, but environmental risk factors have not been convincingly established.

OBJECTIVE To test whether increased growth during the first year of life is associated with
higher risk of childhood-onset type 1 diabetes.

DESIGN, SETTING, AND PARTICIPANTS This is a cohort study using information from 2
population-based cohort studies in Norway and Denmark, the Norwegian Mother and Child
Cohort Study (MoBa) and the Danish National Birth Cohort (DNBC), of children born between
February 1998 and July 2009. The current study was conducted between November 2014
and June 2015.

EXPOSURES Change in weight and length from birth to age 12 months.

MAIN OUTCOMES AND MEASURES Unadjusted and adjusted hazard ratios (HRs) of type 1
diabetes, classified based on nationwide childhood diabetes registers, obtained using
Cox proportional hazards regression.

RESULTS A total of 99 832 children were included in the study, with 59 221 in MoBa (51.2%
boys and 48.8% girls; mean age at end of follow-up, 8.6 years [range, 4.6-14.2 years]) and
40 611 in DNBC (50.6% boys and 49.4% girls; mean age at end of follow-up, 13.0 years
[range, 10.4-15.7 years]). The incidence rate of type 1 diabetes from age 12 months to the end
of follow-up was 25 cases per 100 000 person-years in DNBC and 31 cases per 100 000
person-years in MoBa. The change in weight from birth to 12 months was positively
associated with type 1 diabetes (pooled unadjusted HR = 1.24 per 1-SD increase; 95% CI,
1.11-1.39; pooled adjusted HR = 1.24 per 1-SD increase; 95% CI, 1.09-1.41). There was no
significant association between length increase from birth to 12 months and type 1 diabetes
(pooled unadjusted HR = 1.06 per 1-SD increase; 95% CI, 0.93-1.22; pooled adjusted
HR = 1.06 per 1-SD increase; 95% CI, 0.86-1.32). The associations were similar in both sexes.

CONCLUSIONS AND RELEVANCE This is the first prospective population-based study, to our
knowledge, providing evidence that weight increase during the first year of life is positively
associated with type 1 diabetes. This supports the early environmental origins of type 1
diabetes.
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T ype 1 diabetes mellitus is among the most common
chronic diseases with onset in childhood, and the Nor-
dic countries have the highest disease burden.1-3 De-

spite the well-known role of genetic susceptibility, a chang-
ing incidence during the past decades suggests a role for
environmental factors in development of type 1 diabetes.1

While no single environmental factor has been established as
a risk factor for type 1 diabetes, it is proposed that environ-
mental factors might operate early in life.4

In 1975, Baum et al5 reported that children with type 1 dia-
betes had a higher weight at age 12 months compared with a
group of children without type 1 diabetes. Since then, a few
other studies have reported similar findings, but these stud-
ies varied in the age at anthropometric measurements and were
retrospective case-control studies.6-10

Prospective cohort studies are less susceptible to selec-
tion and information bias compared with case-control stud-
ies. A few cohort studies of genetically susceptible children
have reported associations between growth and islet
autoimmunity.11-13 However, associations identified in high-
risk populations are not necessarily transferable to the gen-
eral population. The previous studies are briefly summarized
in eTable 1 in the Supplement.

We aimed to test whether increased growth during the first
year of life predicts higher risk of childhood-onset type 1 diabe-
tes in 2 Scandinavian birth cohorts, the Norwegian Mother and
Child Cohort Study (MoBa) and the Danish National Birth Cohort
(DNBC), which are 2 of the largest birth cohorts in the world.

Methods
Study Population
The MoBa is a population-based birth cohort administered by
the Norwegian Institute of Public Health.14,15 This cohort study
recruited pregnant women across Norway between June 1999
and December 2008, at approximately 18 gestational weeks,
where 40% of eligible women participated. We used data avail-
able in March 2014, comprising 95 267 mothers and 114 761
children, and information from questionnaires administered
at 18 gestational weeks and when the child was aged 6, 18, and
36 months. The Norwegian Data Inspectorate and the Re-
gional Ethics Committee for Medical Research of South East
Norway approved this study. All participants provided writ-
ten informed consent.

The DNBC is a population-based birth cohort adminis-
tered by the Statens Serum Institut in Denmark.16,17 Pregnant
women were recruited at their first antenatal visit across Den-
mark between January 1996 and October 2002, and 60% of
eligible women participated. The cohort consists of 91 745
mothers and 103 118 children. We used information gathered
through telephone interviews at 18 and 30 gestational weeks
and when the child was aged 6 and 18 months. Data collec-
tion in the DNBC is approved by the Danish National Ethics
Board. All participants provided written informed consent.

In both cohorts, additional information was obtained from
national birth registers and disease registers. The current study
was conducted between November 2014 and June 2015.

Main Exposure
In MoBa and DNBC, birth weight and length were collected
from the medical birth registers. Through the MoBa question-
naires, the mothers reported anthropometric measurements
from their child’s health records. These were recorded at 6
weeks and 3, 6, 8, 12, 15 through 18, 18, 24, and 36 months. In
DNBC, the mothers reported the child’s weight and length from
their child’s health records at 5 and 12 months.

The a priori–specified primary exposures were absolute
change in weight and length from birth to 12 months. Second-
ary exposures included change in weight and length from birth
to age 5 or 6 months, change in weight and length from ages 5
or 6 months to 12 months, and absolute body mass index (BMI;
calculated as weight in kilograms divided by height in meters
squared) at age 5 or 6 months and age 12 months. Because ad-
ditional anthropometric measurements were available in MoBa,
we explored absolute change in weight and length from 12 to
24 months, absolute change in weight and length from 24 to
36 months, peak weight and length velocity by 36 months, and
age at peak BMI (eAppendix in the Supplement).

Outcome
The outcome was clinical diagnosis of type 1 diabetes, de-
fined as the first day of insulin treatment in accordance with
the EURODIAB criteria.3 This information was obtained from
the Norwegian Childhood Diabetes Registry2 and the Danish
Childhood Diabetes Registry.18 For the MoBa participants, ad-
ditional linkage to the Norwegian Patient Register was done.
Details of the registers are described in the eAppendix in the
Supplement.

Covariates
Characteristics that might influence both postnatal growth and
risk of type 1 diabetes were included as potential confound-
ers. These included the child’s sex, birth weight and length,
breastfeeding duration, maternal age, maternal parity, mater-
nal education, maternal smoking during pregnancy, mater-
nal height, maternal prepregnancy BMI, paternal height, pa-
ternal BMI, and maternal diabetes (maternal type 1 diabetes

At a Glance

• Previous studies indicate that growth during early childhood
might be associated with type 1 diabetes, but most studies
have been retrospective or restricted to genetically high-risk
populations.

• Results in the current study from 2 large birth cohorts indicate a
consistent positive association between increase in weight from
birth to age 12 months and subsequent diagnosis of type 1
diabetes (pooled adjusted hazard ratio = 1.24 per 1-SD increase;
95% CI, 1.09-1.41).

• No significant association was observed between the increase in
length from birth to age 12 months and subsequent diagnosis of
type 1 diabetes.

• This is the first prospective population-based study providing
evidence that weight increase during the first year of life is
positively associated with type 1 diabetes. This supports the early
environmental origins of type 1 diabetes.
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in MoBa and all types of diabetes in DNBC). Data on paternal
type 1 diabetes were available in MoBa.

Statistical Analysis
We used Cox proportional hazards regression to examine the
associations of absolute change in weight and length from birth
to age 12 months with diagnosis of type 1 diabetes, reporting
hazard ratios (HRs) and 95% confidence intervals. Partici-
pants were followed up from the day the child turned 1 year
of age until diagnosed as having type 1 diabetes or the end of
follow-up (April 2, 2014, for MoBa and October 31, 2013, for
DNBC). We tested for nonlinearity of the associations by evalu-
ating second-order terms. Because we found no indication of
nonlinear associations, the exposures were standardized to ex-
amine the association per 1-SD increase. The proportional haz-
ards assumption was evaluated by examination of Schoen-
feld residuals, which indicated no deviations from this model
assumption. Because some participants were siblings, we used
robust cluster variance estimation. We adjusted the multivari-
able models for all of the covariates selected a priori based on
a plausible association with both infant growth and develop-
ment of type 1 diabetes. Results from the 2 cohorts were com-
bined using a random-effects model by the inverse variance
method implemented in the metan function in Stata (Stata-
Corp LP). Heterogeneity of associations between the 2 co-
horts was examined using the I2 statistic.

We explored a number of sensitivity analyses. The main
results presented are from complete case analyses. Approxi-
mately 10% to 15% of the observations had missing covariate
information in the multivariable analyses. Missing covariate
information was therefore imputed using the multivariate nor-
mal distribution in DNBC and chained equations in MoBa, gen-
erating a total of 20 imputed data sets. Second, we conducted
sensitivity analyses excluding children of mothers with dia-
betes, children of mothers who reported smoking during preg-
nancy, children with celiac disease, and children who were pre-
term (born at <37 gestational weeks).

In the secondary analysis of growth between 12 and 24
months, follow-up started when the child was aged 24 months.
For growth between ages 24 and 36 months, peak weight and
length velocity by age 36 months, and age at peak BMI by age
36 months, follow-up started when the child was aged 36
months.

A 95% confidence interval for the hazard ratio excluding
1.00 was considered statistically significant. The analysis was
conducted using SAS version 9.4 (SAS Institute, Inc) and Stata
version 13 (StataCorp LP) statistical software.

Results
For the primary analysis of growth from birth to age 12 months,
data were available for 99 832 children (Figure). Maternal edu-
cation tended to be higher, smoking less common, and parity
lower among mothers of children with sufficient follow-up in-
formation to be included in the primary analysis (eTable 2 in
the Supplement). However, the risk of type 1 diabetes was simi-
lar (eFigure 1 in the Supplement).

The children in the analysis were born between February
1998 and July 2009 (Table 1). The mean age at the end of fol-
low-up in the study sample was 8.6 years (range, 4.6-14.2 years)
in MoBa and 13.0 years (range, 10.4-15.7 years) in DNBC. The
children diagnosed as having type 1 diabetes during the first
year of life were excluded from the primary analyses (5 chil-
dren in MoBa and 1 child in DNBC). The incidence rate of type
1 diabetes from age 12 months to the end of follow-up was 25
cases per 100 000 person-years in DNBC and 31 cases per
100 000 person-years in MoBa.

Weight in the First Year of Life and Risk of Type 1 Diabetes
The mean (SD) change in weight from birth to age 12 months was
just over 6 (1) kg (Table 2). The change in weight from birth to
12 months was positively associated with type 1 diabetes (pooled
unadjusted hazard ratio [HR] = 1.24 per 1-SD increase; 95% CI,
1.11-1.39; pooled adjusted HR = 1.24 per 1-SD increase; 95% CI,
1.09-1.41), with no evidence of heterogeneity between the co-
horts (Table 3). The multiple imputation analysis yielded re-
sults similar to those of the complete case analysis (Table 3).
While there was no significant association between birth weight
and type 1 diabetes, the absolute weight at age 12 months also
significantly predicted type 1 diabetes with a similar adjusted
HR of 1.26 per 1-SD increase (95% CI, 1.10-1.44).

Length in the First Year of Life and Risk of Type 1 Diabetes
The mean (SD) change in length from birth to age 12 months
was about 25 (3) cm (Table 2). There was no significant asso-
ciation between length increase the first year of life and type
1 diabetes (pooled unadjusted HR = 1.06 per 1-SD increase; 95%
CI, 0.93-1.22; pooled adjusted HR = 1.06 per 1-SD increase;
95% CI, 0.86-1.32) (Table 3).

Sensitivity Analyses
There were no significant differences in the associations by sex
(eFigure 2 in the Supplement). Similar results were found when
excluding children who were preterm, children of mothers who
smoked during pregnancy, children of mothers with diabetes,
and children with celiac disease (data not shown). We explored
the potential effect of the slight variation in exact age at anthro-
pometric measurements by analyzing growth measures as age-
and sex-specific z scores in the MoBa cohort, and this produced
unchanged results (data not shown). Further adjustment for the
child’s year of birth or for cesarean delivery also did not change
the observed associations (data not shown). Finally, excluding
children of parents with a native language other than Norwegian
in the MoBa cohort did not change the results (data not shown).

Secondary Analyses
Growth from birth to age 5 months (DNBC) or 6 months (MoBa)
showed results similar to those for growth in the first 12 months
of life, whereas growth during the second half year of life was not
significantly associated with type 1 diabetes after adjustment for
growth in the first half year of life (Table 4). The child’s BMI at
both age 5 or 6 months and age 12 months was positively asso-
ciated with type 1 diabetes (eFigure 3 in the Supplement).

Analyses in MoBa showed that after adjustment for previ-
ous growth (up to age 12 or 24 months), there was no significant
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association between increase in weight or length between ages
12 and 24 months with development of type 1 diabetes, while
change in weight and length from ages 24 to 36 months showed
atendencyforapositiveassociation(eTable3intheSupplement).
Peak weight velocity was also not significantly associated with
type 1 diabetes. Peak length velocity (mean [SD], 62.9 [15.4] cm/
y) occurred at an average of 7 days. Each 1-SD increase in peak
length velocity was associated with an adjusted HR of 1.31 (95%
CI, 1.08-1.60) (eTable 3 in the Supplement). There was a tendency
for a decreased risk in development of type 1 diabetes with in-
creasing age at peak BMI, but the results did not indicate a lin-
ear decrease in the risk of type 1 diabetes and were not statisti-
cally significant (eTable 3 in the Supplement).

Discussion
In this analysis of 2 large Scandinavian birth cohorts, we found
that weight increase in the first year of life was positively asso-
ciated with subsequent risk of type 1 diabetes during childhood.

Strengths and Limitations
Strengths of this study include the large size, the prospective data
collection, inclusion of 2 relatively homogeneous populations,
adjustment for a number of potential confounding factors not
included in previous studies, and linkage to nationwide regis-
ters with a high level of case ascertainment.2,3 However, as in any
observational study, confounding from unmeasured factors may
be present. We also cannot exclude the possibility of a selection
bias due to the initial participation rate in the cohorts or due to
losstofollow-up.Anumberofassociationswerefoundtobesimi-
lar among eligible pregnant women and participating women in
both cohorts by using nationwide registers.15,16 Furthermore, the
observed incidence of type 1 diabetes among these cohorts was
similar to that reported for the general population.2,18 Using ma-
ternal report of the child’s anthropometric measurements might
have resulted in misclassification, but the prospective design im-
plies that such misclassification is unlikely to be differential and
therefore most likely would attenuate the observed association.
By asking the mother to refer to the child’s health records, we at-
tempted to minimize misclassification.

Figure. Formation of the Analysis Sample

108 489 Live-born singletons

98 287 Information at
18 gestational wk

10 202 No information from
18 gestational wk

13 406 No information when
child was aged 6 mo

14 780 No information when
child was aged 18 mo

84 881 Information when
child was aged 6 mo

70 101 Information when
child was aged 18 mo

59 221 Information on
anthropometric
measurements at birth
and age 12 mo

10 880 No information on
anthropometric measurements
at birth and/or age 12 mo

92 652 Live-born singletons

86 789 Information at
12 gestational wk

5863 No information from
18 gestational wk

5316 No information from
30 gestational wk

17 129 No information when
child was aged 6 mo

81 473 Information at 30
gestational wk

64 344 Information when
child was aged 6 mo

40 611 Information on
anthropometric
measurements at birth
and age 12 mo

10 090 No information on
anthropometric measurements
at birth and/or age 12 mo

13 643 Missing information when
child was aged 18 mo

50 701 Information when
child was aged 18 mo

Children in MoBaA Children in DNBCB

A, Children in the Norwegian Mother and Child Cohort Study (MoBa). In MoBa, a
total of 2545 children were excluded because they were stillborn, were aborted,
or had unknown birth outcome, and 3842 live-born children were excluded
because they were from multiple births. B, Children in the Danish National Birth

Cohort (DNBC). In DNBC, a total of 6303 children were excluded because they
were stillborn, were aborted, or had unknown birth outcome, and 4163
live-born children were excluded because they were from multiple births.
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Comparison With Previous Studies
The main result from our cohort study is in line with a few
previous case-control studies.5-10 A Danish study reported a
nonsignificant 9% increase in the odds of type 1 diabetes per
1-kg increase in weight at age 12 months, which translates to
an odds ratio of 1.22 per 1-SD increase.10 The mean differ-
ence in weight at age 11 months was reported to be 204 g
between cases with type 1 diabetes and controls in a Finnish
study,7 while a mean difference of 160 g at age 12 months
was reported in a Swedish study.9 This is comparable to a
mean difference of 240 g in MoBa and 270 g in DNBC at age
12 months. Notably, a larger mean difference of approxi-
mately 700 g at age 12 months was reported in the initial
study by Baum et al.5

The lack of association with length increase in the first year
of life in our study is in line with 1 previous case-control study.19

In contrast, several studies of length increase and type 1 dia-
betes indicated a positive association.6,9,10,20-23 Two previ-
ous studies explored a sibling comparison, both reporting a
positive association between length increase in the first 3 to 4
years of life and type 1 diabetes.21,22 Our secondary results on
length increase in the third year of life, albeit not statistically
significant, suggested a positive association between length
increase in the third year of life and risk of type 1 diabetes. How-
ever, the analysis of growth after the first year of life in MoBa
likely had lower statistical power due to the smaller number
of study participants with the necessary follow-up informa-
tion for this analysis.

Although few studies have reported weight at age 12
months in relation to type 1 diabetes, other studies of anthro-
pometric measurements and islet autoimmunity or type 1 dia-

Table 1. Distribution of Characteristics

Characteristic
MoBa
(n = 59 221)

DNBC
(n = 40 611)

Maternal age, mean (SD), y 30.4 (4.5) 30.7 (4.2)

Maternal parity, No. (%)

Nulliparous 27 600 (46.6) 18 151 (44.7)

1 20 547 (34.7) 15 423 (38.0)

≥2 11 074 (18.7) 7024 (17.3)

Missing 0 13 (0.0)

Maternal education, No. (%)

Less than high school for
MoBa or 9th grade with
examination for DNBC

3531 (6.0) 2792 (6.9)

High school for MoBa or
10th grade with examination
for DNBC

16 680 (28.2) 10 948 (27.0)

≤4 y of college for MoBa or
technical school for DNBC

25 210 (42.6) 5385 (13.3)

>4 y of college for MoBa
or high school or more
for DNBC

13 579 (22.9) 21 122 (52.0)

Missing 221 (0.4) 364 (0.9)

Maternal height, mean
(SD), cm

168.2 (5.9) 168.7 (6.1)

Missing, No. (%) 542 (0.9) 35 (0.1)

Maternal prepregnancy BMI,
No. (%)

Underweight, <18.5 1702 (2.9) 1587 (3.9)

Normal weight, 18.5-24.9 38 303 (64.7) 26 836 (66.1)

Overweight, 25.0-29.9 12 720 (21.5) 8165 (20.1)

Obese, ≥30.0 5230 (8.8) 3403 (8.4)

Missing 1266 (2.1) 620 (1.5)

Paternal height, mean (SD), cm 181.5 (6.4) 182.2 (6.9)

Missing, No. (%) 1418 (2.4) 585 (1.4)

Paternal BMI, No. (%)

Underweight, <18.5 111 (0.2) 152 (0.4)

Normal weight, 18.5-24.9 25 533 (43.1) 20 492 (50.5)

Overweight, 25.0-29.9 25 697 (43.4) 15 565 (38.3)

Obese, ≥30.0 5462 (9.2) 2811 (6.9)

Missing 2418 (4.1) 1591 (3.9)

Maternal smoking during
pregnancy, No. (%)

No 54 765 (92.5) 30 862 (76.0)

Yes 4151 (7.1) 9749 (24.0)

Missing 305 (0.5) 0

Maternal diabetes, No. (%)a

No 58 985 (99.6) 39 515 (97.3)

Yes 236 (0.4) 1096 (2.7)

Paternal type 1 diabetes,
No. (%)

No 58 852 (99.4) NA

Yes 369 (0.6) NA

Child sex, No. (%)

Male 30 292 (51.2) 20 532 (50.6)

Female 28 929 (48.8) 20 079 (49.4)

(continued)

Table 1. Distribution of Characteristics (continued)

Characteristic
MoBa
(n = 59 221)

DNBC
(n = 40 611)

Breastfeeding duration,
No. (%)

None for MoBa or 0-1 mo
for DNBC

623 (1.1) 3911 (9.6)

Partly breastfed

<4 mo for MoBa or
2-3 mo for DNBC

6367 (10.8) 3627 (8.9)

4-6 mo for MoBa or
4-6 mo for DNBC

16 016 (27.0) 6742 (16.6)

Fully breastfed

4-6 mo for MoBa or
7-9 mo for DNBC

27 762 (46.9) 10 329 (25.4)

≥6 mo for MoBa or
≥10 mo for DNBC

8453 (14.3) 13 321 (32.8)

Missing 0 2681 (6.6)

Type 1 diabetes, No. (%)

No 59 075 (99.7) 40 490 (99.7)

Yes 146 (0.3) 121 (0.3)

Age at type 1 diabetes
diagnosis, median (range), y

6.0 (0.7-12.7) 8.5 (0.9-14.9)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); DNBC, Danish National Birth Cohort; MoBa,
Norwegian Mother and Child Cohort Study; NA, not available.
a Maternal diabetes includes only type 1 diabetes in MoBa but all forms of

diabetes in DNBC.
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betes have been published. The previous cohort studies of ge-
netically susceptible children generally included relatively few
cases, with islet autoimmunity as the end point, and anthro-
pometric measurements from age 2 years or older.11-13 Our find-
ings indicated a tendency for a positive association between
peak length velocity and type 1 diabetes, while there was no
association with peak weight velocity. Results on BMI from
other studies have been mixed, but overall they indicate a posi-
tive association in line with our findings. Furthermore, our re-
sults indicate no significant association between age at peak
BMI and diagnosis of type 1 diabetes.

Potential Implications
It has been hypothesized that childhood overweight is a risk
factor and explains the temporal changes in incidence of type
1 diabetes. Our results may be taken as support for the hypoth-
esis that weight gain explains at least some of the long-term
temporal changes in incidence of type 1 diabetes. However,
there is limited evidence for changes in infant weight in the
short term, in line with a plateau in the incidence of type 1
diabetes.2 We observed no time trends in anthropometric mea-
surements during the first year of life in our 2 cohorts (data not
shown), and Norwegian growth data for children at birth to age
4 years indicated little or no change in weight (or length) be-
tween 1982-1984 and 2003-2006.24

It should be noted that our observed association was lin-
ear across the range of weight increase, with no indication of
a threshold for overweight infants. While we decided a priori
to focus on growth to age 12 months, infant growth is shown
in other studies to be associated with obesity later in life.25 Fur-
thermore, our results suggested that weight change early in in-
fancy (age <6 months) was more important for type 1 diabe-
tes risk than was subsequent weight change.

Potential Mechanisms
Genetic variants may in theory explain our findings, if the same
variants are associated with increased risk of type 1 diabetes and
increased infant weight gain. Furthermore, either such vari-
ants must be very common or there must be a very large num-
ber of different rare variants with these properties. This is not
likely to be the case. If anything, variants known to influence
type 1 diabetes risk seem to be associated with less weight gain
in the first 2 years of life.26,27

Similarly, epigenetic mechanisms may in theory explain the
link between infant weight gain and type 1 diabetes, but only if
the same pathways influencing infant growth also influence type
1 diabetes. Current evidence does not support the latter.28

Maternal type 1 diabetes is known to be associated with
infant weight gain and increased risk of type 1 diabetes, but
this is too uncommon in the population to explain our find-
ing, as indicated by the robustness of our results to adjust-

Table 2. Distribution of Anthropometric Measurements

Anthropometric Measurement

Mean (SD)

MoBa
(n = 59 221)

DNBC
(n = 40 611)

Age, d

5- or 6-mo measurements 177.39 (13.90) 160.20 (13.34)

12-mo measurements 370.06 (17.08) 378.90 (20.49)

Birth weight, kg 3.62 (0.52) 3.62 (0.53)

Weight, kg

5 or 6 moa 7.93 (0.95) 7.79 (0.98)

12 mo 9.94 (1.12) 10.26 (1.18)

24 mob 12.97 (1.53) NA

36 mob 15.06 (1.80) NA

Birth length, cm 50.45 (2.18) 52.40 (2.35)

Length, cm

5 or 6 moa 67.85 (2.54) 68.26 (2.89)

12 mo 76.45 (2.74) 77.61 (3.14)

24 mob 88.66 (3.60) NA

36 mob 96.58 (3.91) NA

Abbreviations: DNBC, Danish National Birth Cohort; MoBa, Norwegian Mother
and Child Cohort Study; NA, not available.
a Measurements at age 6 months for MoBa and age 5 months for DNBC.
b Weight and length only available in MoBa for 43 579 children with additional

follow-up information from the questionnaire administered when the child
was aged 36 months.

Table 3. Association of Growth Between Birth and Age 12 Months With Development of Type 1 Diabetes

Exposure Sample Mean (SD)

HR (95% CI)a

Unadjusted Adjustedb
Multiple Imputation
Analysis, Adjustedc

Change in weight from birth to 12 mo, kg MoBa 6.32 (1.04) 1.24 (1.07-1.43) 1.27 (1.07-1.50) 1.25 (1.07-1.46)

DNBC 6.64 (1.10) 1.24 (1.04-1.47) 1.20 (0.98-1.47) 1.24 (1.03-1.49)

Pooledd NA 1.24 (1.11-1.39) 1.24 (1.09-1.41) 1.25 (1.11-1.40)

Change in length from birth to 12 mo, cm MoBa 26.00 (2.55) 1.00 (0.86-1.17) 0.96 (0.78-1.17) 0.96 (0.80-1.16)

DNBC 25.21 (3.12) 1.15 (0.96-1.38) 1.20 (0.95-1.52) 1.20 (0.97-1.48)

Pooledd NA 1.06 (0.93-1.22) 1.06 (0.86-1.32) 1.07 (0.86-1.33)

Abbreviations: DNBC, Danish National Birth Cohort; HR, hazard ratio; MoBa,
Norwegian Mother and Child Cohort Study; NA, not applicable.
a The HRs reflect the change per 1-SD increase in exposure.
b The HRs were adjusted for maternal age, maternal parity, maternal education,

maternal smoking during pregnancy, maternal height, maternal prepregnancy
body mass index, paternal height, paternal body mass index, child sex, child
birth weight and length, breastfeeding duration, paternal type 1 diabetes
(MoBa only), and maternal diabetes (maternal diabetes includes only type 1

diabetes in MoBa but all forms of diabetes in DNBC). The subtotal was 91 034
children (234 cases of type 1 diabetes).

c Missing covariate information was imputed using chained equations (MoBa)
and multivariate normal distribution (DNBC).

d The combined results are from a random-effects meta-analysis. The P value for
heterogeneity between the cohorts was .67 for change in weight and .16 for
change in length.
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ment for or exclusion of children whose mothers had diabe-
tes. Furthermore, infant feeding and a number of other
environmental factors that could potentially explain an asso-
ciation between infant weight gain and risk of type 1 diabetes
were also adjusted for in our analysis and are therefore un-
likely to be major explanatory mechanisms.

A general mechanism that may plausibly explain our find-
ings is that rapid growth increases the demand on β cells to se-
crete insulin, and it has been shown that β cells actively se-
creting insulin are more susceptible to cytokine damage in
vitro.29 We can also speculate that perhaps gut microbiota30,31

or inflammation32,33 may be involved in relevant pathways to
explain our findings.

Conclusions
In conclusion, our study is the first prospective population-
based study, to our knowledge, providing evidence that weight
increase during the first year of life is positively associated with
type 1 diabetes. This supports the early environmental ori-
gins of type 1 diabetes.
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Birth to age 5 or 6 mo MoBa 17.40 (2.17) 1.05 (0.89-1.24) 1.05 (0.85-1.30) 1.06 (0.87-1.30)
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a The HRs reflect the change per 1-SD increase in exposure.
b The HRs were adjusted for maternal age, maternal parity, maternal education,

maternal smoking during pregnancy, maternal height, maternal prepregnancy
body mass index, paternal height, paternal body mass index, child sex, child
birth weight and length, breastfeeding duration, paternal type 1 diabetes
(MoBa only), and maternal diabetes (maternal diabetes includes only type 1
diabetes in MoBa but all forms of diabetes in DNBC). Growth between ages 5
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diabetes) in the analysis of change in weight from birth to age 5 or 6 months,
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c Missing covariate information was imputed using chained equations (MoBa)
and multivariate normal distribution (DNBC).

d The combined results are from a random-effects meta-analysis. The P value for
heterogeneity between the cohorts was .62 for change in weight from birth to
age 5 or 6 months, .72 for change in weight from age 5 or 6 months to age 12
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