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Abstract
Aims/hypothesis Intrauterine growth in non-diabetic preg-
nancies is reported to be influenced by type 1 diabetes
susceptibility genes. In particular, the high-risk HLA
DR4_DQB1*0302 haplotype is associated with increased
birthweight. The aim of this study was to determine
whether HLA DR4 was associated with increased birth-
weight in a maternal diabetes environment and whether
effects persisted during early childhood.
Subjects and methods Birthweight and gestational age were
obtained in singleton births from mothers with type 1
diabetes (n=1161) or whose fathers or siblings have type 1
diabetes (n=872). Weight and height at ages 2 and 5 years
were obtained from paediatric records. Data were adjusted
for (gestational) age and sex and expressed as percentiles of
German reference data. HLA DR typing was obtained for
all children and 1090 children also had insulin gene (INS)
variable number of tandem repeats (VNTR) typing.
Results Maternal type 1 diabetes was associated with
increased birthweight, gestational age and birthweight

percentiles (all p<0.0001). In children of mothers with
type 1 diabetes, birthweight percentile was further related to
maternal HbA1c during pregnancy (r=0.26; p<0.0001) and
was independently increased if children had HLA DR4
alleles (76th vs 64th percentile; p<0.0001). HLA DR4 was
not associated with birthweight in children of non-diabetic
mothers. Birthweight was not associated with INS VNTR
genotypes. High birthweight, but not HLA DR4 was
associated with increased weight and BMI at ages 2 and
5 years (p<0.0001).
Conclusions/interpretation Our findings are consistent with
the hypothesis that a diabetic intrauterine environment
interacts with gene(s) marked by the type 1 diabetes
susceptibility HLA DR4 alleles to increase fetal growth.
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Abbreviation
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Introduction

There is substantial interest in increasing weight trends
during childhood and in the relevance of childhood weight
to health and disease. In Western countries, the proportion
of overweight children has reached unprecedented levels
and rising weight trends are likely to contribute to increased
incidences of type 1 diabetes, type 2 diabetes and
cardiovascular disease [1, 2].

Weight during childhood is largely attributed to post-
natal diet and exercise habits [3, 4]. Birthweight has also
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been reported to affect weight trends in children and
adolescents, suggesting that some programming of weight
status occurs in utero [5–8]. Factors that affect birthweight
within demographically similar births include pre-pregnan-
cy weight, weight gain during pregnancy, maternal smok-
ing, parity and disease [9]. Maternal diabetes increases
birthweight [10, 11]. More recently, genes that influence the
risk of type 1 diabetes have also been shown to affect
birthweight and/or childhood weight gain [12, 13]. In
particular, the HLA DR4_DQB1*0302 haplotype, which
is strongly associated with type 1 diabetes, was found to be
associated with increased birthweight in the Swedish
population [12]. Such relationships have fuelled interest
and debate on a possible central role of nutrition and
childhood weight status in the pathogenesis of type 1 and
type 2 diabetes [14, 15].

Since 1989, we have prospectively followed from birth
children of parents or siblings with type 1 diabetes [16, 17].
In these children anthropometric data such as weight and
height are obtained throughout childhood. More than half
of the children are exposed to a diabetic intrauterine
environment, and most of the children inherit genes from
at least one parent with type 1 diabetes. Thus the cohort has
a relatively high frequency of HLA DR4 and is useful to
test the hypothesis that the HLA DR4_DQB1*0302
haplotype influences birthweight. The aim of this study
was to determine whether HLA DR4 status increased
birthweight in a maternal diabetes environment and whether
the effects persisted during early childhood.

Subjects and methods

Subjects Children followed prospectively from birth in the
German BABYDIAB [16–18] and BABYDIET [19]
studies were included. Recruitment into the studies began
in 1989 (BABYDIAB) and 2000 (BABYDIET). A total of
2,399 children have been screened for participation in these
studies. Birthweight and gestational age at birth and HLA
DR typing were obtained for 2,033 singleton births (1,325
from BABYDIAB, 708 from BABYDIET) from 1,728
families (in 279 families more than one child participated in
the studies). These 2,033 offspring included 1,161
newborns of mothers with type 1 diabetes and 872
newborns whose mothers were healthy, but whose fathers
(n=819) or siblings (n=53) had type 1 diabetes. Partici-
pants of non-western ethnic groups comprised 1% of the
study cohort and included 0.8% of Turkish descent. All
families gave written informed consent to participate in the
study. The proportion of children who have dropped out of
the studies was 20% by age 5 years. The studies were
approved by the ethics committee of Bavaria, Germany and
the ethics committee of the Ludwig-Maximilians Universi-

ty, respectively (Bayerische Landesärztekammer no. 95357
and Ethikkommission der Medizinischen Fakultät der
Ludwig-Maximilians Universität no. 329/00).

Birthweight percentiles and weight, height and BMI
percentiles at follow-up Perinatal and anthropometric data
were collected from each child’s paediatric record at birth, at
ages 9 months and 2 years, and every 3 years thereafter.
Paediatric records were completed by trained staff at delivery
and by paediatricians at clinical visits after birth. Gestational
age was determined on the basis of the last menstrual period
and expressed as weeks. Weight and height were determined
at paediatric visits. Birthweight was adjusted for sex and
gestational age, and data on height, weight and BMI at
follow-up were adjusted for sex and the exact age at
examination; all four of these characteristics were expressed
as a percentile of the reference German population as
determined by the German Perinatal Registry [20]. This
registry contains data from 563,480 singleton births in 1992
(complete data from 14 of the 16 German federal states).
Validation of the 1992 data was made from a second cohort
of 1,800,000 offspring born between 1995 and 1997 (M.
Voigt, unpublished data). Data expressed as percentiles will
have a similar distribution to those in the reference
population, if their median is at the 50th percentile and
their interquartile range is the 25th to the 75th percentile.

HLA and insulin gene variable number of tandem repeats
genotyping HLA DR and DQ genotypes were determined
in children and in 1,275 parents. HLA-DRB1, HLA-DQA1
and HLA-DQB1 alleles were typed using PCR-amplified
DNA and non-radioactive sequence-specific oligonucleo-
tide probes as described previously [21, 22].

Insulin gene (INS) variable number of tandem repeats
(VNTR) typing was performed in 1,090 children from the
BABYDIAB study only. It was determined by HphI
digestion of PCR amplification products of the region of
interest as described previously [23]. The single nucleotide
polymorphism identified by this method is in almost
complete linkage disequilibrium with the INS VNTR [23].

Maternal data The age of the mother at delivery was
obtained from the child’s paediatric record. The age of
onset of maternal type 1 diabetes was reported by the
mother in a questionnaire given to the mothers before or at
delivery. Mothers with type 1 diabetes also reported
whether they had overt nephropathy, which was defined
as macroalbuminuria. HbA1c from the last trimester of
pregnancy was also reported by mothers with type 1
diabetes in this questionnaire. HbA1c was determined as
part of clinical care of the patients. HbA1c was measured
locally by undisclosed methods. HbA1c values were
provided by 606 of 1,161 mothers with type 1 diabetes.
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Statistical analysis Quantitative variables were analysed as
continuous variables unless otherwise stated. Birthweight
percentiles were also expressed as categories representing
tertiles of the normative population. Maternal HbA1c was
also expressed as categories representing normal (<5.6%),
moderately elevated (5.6–6.5%) and highly elevated
(>6.5%) values. HLA DR4 status was categorised as HLA
DR4-positive if the child had at least one DR4 allele and
HLA DR4-negative if the child had no DR4 alleles. HLA
DR4 status was also categorised as: (1) DR4-negative,
DR4-heterozygous and DR4-homozygous; and (2) no
HLA DR4 allele, HLA DR4 from the mother, HLA
DR4 from the father, HLA DR4 from both parents, and
parental origin of HLA DR4 unknown. Parity status was
categorised as first child, second child or subsequent
births. Comparisons of birthweight and gestational ages
between groups were performed using the Student’s t test.
Comparisons of birthweight percentile between groups was
performed using the Mann–Whitney U test. Correlations
between continuous data (birthweight, gestational age,
birthweight percentiles, HbA1c, age of mother at child’s
birth, diabetes duration at child’s birth, age of mother at
diabetes onset) were performed using linear regression.

Multivariate analysis was performed for associations
with birthweight using linear regression since birthweight
was normally distributed. Factors and covariates included
in the multivariate analysis were: (1) in the total cohort:
gestational age, sex of the child, DR4 status of the child
(positive or negative), maternal diabetes, maternal age and
parity status; and (2) within children of mothers with type 1
diabetes: gestational age, sex of the child, parity status,
DR4 status of the child (positive or negative), maternal
HbA1c during pregnancy, maternal age, maternal diabetes
duration and nephropathy including macroalbuminuria. The
interaction between maternal diabetes and child HLA DR4
status on birthweight was tested in the general linear model

by including maternal diabetes, HLA DR4 status and
maternal diabetes × HLA DR4 status in a separate model.

For childhood growth analyses, 66 children who
developed multiple islet autoantibodies or diabetes before
age 5 years were excluded, since growth rates have been
reported to differ in children who develop diabetes.
Relationships between age- and sex-corrected weight
percentile or BMI percentile and birthweight, gestational
age, HLA DR4 status of the child (DR4-positive or DR4-
negative) and maternal diabetes were analysed using the
general linear model for repeated measures (2 years and
5 years). For all analyses, a two tailed p value of 0.05 was
considered significant. All statistical analyses were per-
formed using the Statistical Package for Social Science
(SPSS 14.0; SPSS, Chicago, IL, USA).

Results

Maternal diabetes affects intrauterine growth In offspring
of mothers with type 1 diabetes birthweight was higher and
gestational age was lower than in offspring of healthy
mothers (Table 1). Birthweight percentile (adjusted for sex
and gestational age) in children of mothers without diabetes
(fathers or siblings with type 1 diabetes) was similar to the
reference population data (median: 48th percentile) (Table 2).
In comparison, the median birthweight percentile in children
of mothers with type 1 diabetes was at the 70th percentile
(p<0.0001).

Parity affected birthweight and birthweight percentile,
but did not affect gestational age (Table 2). In children born
to mothers with type 1 diabetes, birthweight, gestational
age and birthweight percentile were lower when mothers
had overt nephropathy (p<0.0001). Neither birthweight nor
birthweight percentile were correlated with the age of the

Table 1 Characteristics of the
cohort

a p<0.0001 vs children of non-
diabetic mothers.

Non-diabetic mothers
n=872

Type 1 diabetes mothers
n=1,161

Pregnancy HbA1c (%; mean [SD]) Not determined 5.8 (0.9)
Mother’s age (years; mean [SD]) 31.1 (4.5) 30.4 (4.4)a

Diabetes duration in mother (years; mean [SD]) Not applicable 13.4 (7.8)
Nephropathy with macroalbuminuria (n [%]) Not determined 33 (3)
Gestation (weeks; mean [SD]) 39.4 (1.7) 38.3 (1.8)a

Sex of child (male/female) 461/411 601/560
First born children (n [%]) 471 (54) 676 (58)
Birthweight (g; mean [SD]) 3,424 (527) 3,504 (624)a

DR4 in child (n [%]) 431 (49) 542 (47)
INS VNTR in child (n [%])
Class I/I 252 (62.8) 439 (63.7)
Class I/III 129 (32.2) 225 (32.7)
Class III/III 20 (5) 25 (3.6)
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mother at birth of the index child (birthweight r=0.02;
birthweight percentile r=0.02), the duration of diabetes at
birth of the index offspring (birthweight r=0.01; birth-
weight percentile r=0.03) or the age of the mother at
diabetes onset (birthweight r=0.04; birthweight percentile
r=0.02). Gestational age was correlated with the duration
of diabetes in the mother (r=0.1; p=0.001) and the age of
the mother at diabetes onset (r=0.12; p<0.0001).

Intrauterine growth is dependent upon maternal metabolic
control In children of mothers with type 1 diabetes, birth-
weight (r=0.13; p=0.001), birthweight percentile (r=0.26;
p<0.0001) and gestational age (r=−0.15; p=0.0001) were
significantly associated with maternal HbA1c during preg-
nancy. Women with diabetes are recommended to normal-
ise blood glucose during pregnancy, reflected by HbA1c

values <5.6% [24, 25]. Birthweight percentiles in children
of mothers with type 1 diabetes and HbA1c<5.6% were
close to German reference data and were very high when
mothers had an HbA1c >6.5% (Table 2).

HLA-DR4 identifies maternal diabetes-gene interactions
that affect intrauterine growth Consistent with the increased
prevalence of DR4_DQB1*0302 haplotype in families
affected by type 1 diabetes, 48% of children in our
cohorts had DR4 alleles (Table 1). The majority (90%) of
DR4-positive children in this cohort also had the
DQB1*0302 allele (not shown). Birthweight percentiles in
children of non-diabetic mothers were similar between

DR4-positive and DR4-negative children (Table 2). In
contrast, among children born to mothers with type 1
diabetes, birthweight percentiles in DR4-positive children
were higher than in their DR4-negative counterparts. The
DR4-positive children had a higher birthweight than DR4-
negative children (mean 3,561 g vs 3,454 g respectively;
p=0.004), whereas gestational age was similar between
these two groups (median 38.4 vs 38.3 weeks respectively;
p=0.4). To test whether there was an interaction between
maternal type 1 diabetes and child HLA DR4 status on
birthweight percentile, both variables and the interaction
(maternal type 1 diabetes × child HLA-DR4 status) were
included in a general linear model. The model confirmed
that the interaction was significant (p=0.0004).

Birthweight percentile differences between DR4-positive
and DR4-negative children were observed in boys (p=0.001)
and girls (p=0.04). Differences in birthweight percentile
were not observed with regard to HLA DR3 alleles in
children of mothers with type 1 diabetes (median 69th
birthweight percentile in DR3-positive children vs 69th
percentile in DR3-negative children) or in DR4-positive
children of mothers with type 1 diabetes (median 77th
percentile in DR3/4-positive children vs 75th percentile in
DR4-positive/DR3-negative children).

We were able to determine the parental origin of HLA
DR4 in 441 HLA DR4-positive children, allowing a
subanalysis of maternal vs paternal DR4 origin with regard
to birthweight percentile (Table 3). In children of mothers
with type 1 diabetes, birthweight percentile was increased if

Table 2 Birthweight (median
percentile adjusted for
gestational age and sex
[interquartile range]) in relation
to maternal diabetes status
and child parity, HbA1c,
HLA and INS VNTR status

a p<0.0001 vs first offspring;
b p<0.05 vs first offspring;
c p<0.0001 vs children born to
mothers with a pregnancy
HbA1c<5.6%; d p=0.003 vs
children born to mothers with a
pregnancy HbA1c<5.6%;
e p<0.0001 vs children born to
mothers without nephropathy;
f p<0.0001 vs DR4-negative
children of mothers with type 1
diabetes

n (%) Non-diabetic mother Type 1 diabetes mother

Total 2,033 48 (25–72) 70 (37–91)
Parity
First offspring 1,147 (56) 44 (21–67) 63 (32–87)
Second offspring 713 (35) 55 (30–76)a 78 (49–96)a

Subsequent offspring 173 (9) 60 (33–84)a 85 (43–95)b

Pregnancy HbA1c

<5.6% 247 (21) – 55 (27–84)
5.6–6.5% 267 (24) – 75 (48–91)c

>6.5% 92 (4) – 85 (60–96)c

Missing cases 555 (48) – 69 (32–93)d

Overt nephropathy
No 1,067 (91) – 72 (39–92)
Yes 33 (3) – 37 (13–72)e

Missing cases 69 (6) – 64 (24–91)
DR4 status of child
DR4-negative 1,060 (52) 49 (26–74) 64 (30–90)
DR4-heterozygous 868 (43) 50 (24–70) 75 (43–93)f

DR4-homozygous 105 (5) 40 (21–63) 83 (53–93)f

INS VNTR of child
Class I/I 691 (34) 49 (21–72) 68 (34–92)
Class I/III 354 (18) 51 (26–80) 68 (35–91)
Class III/III 45 (2) 41 (13–69) 78 (43–89)
Missing cases 943 (46) 47 (26–69) 72 (40–92)
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the child inherited the DR4 only from the mother (p=0.0008)
or from both mother and father (p=0.004). Again, differ-
ences were in birthweight and not gestational age of the
child (data not shown). Relatively few children of mothers
with type 1 diabetes inherited the DR4 only from the father.
These children had similar birthweight percentiles to the
non-DR4 children.

Multivariate analysis indicated that birthweight was
related to maternal diabetes, gestational age, sex, parity
status and HLA DR4 in the child with a total combined r2 of
28% (Table 4). In children of mothers with type 1 diabetes,
birthweight was related to gestational age, sex, parity status,
HLA DR4 in the child, maternal HbA1c during pregnancy
and maternal nephropathy, with a total combined r2 of 32%.
Birthweight percentiles in HLA DR4-positive children born
to mothers with type 1 diabetes and a final trimester HbA1c

>6.5% were very high, and in contrast were similar to
national reference data in HLA DR4-negative children born
to mothers with type 1 diabetes and a final trimester HbA1c

<5.6% (Fig. 1). The relationships between birthweight and
maternal diabetes, gestational age, sex, parity status, HLA
DR4, nephropathy and HbA1c remained significant when
only the first participating child from each family was
included in the analysis (data not shown).

Birthweight was not significantly different between
children with INS VNTR class I/I, I/III or III/III genotypes

(Table 2). No differences with regard to INS VNTR
genotypes were observed when only children of mothers
with type 1 diabetes were examined. INS VNTR genotypes
were in Hardy–Weinberg equilibrium (chi-squared,
0.0016).

Weight, height and BMI during infancy Weight and BMI
percentiles at age 2 and 5 years in relation to maternal
diabetes, sex, birthweight and DR4 status of the child are
provided in the Electronic supplementary material (ESM)
Table 1. Birthweight percentile was the strongest predictor
of weight and BMI percentiles at age 2 and 5 years (Fig. 2,
ESM Table 1). Weight percentile and BMI percentile at age
5 years were correlated with birthweight (weight percentile
r=0.25; p<0.0001; BMI percentile r=0.2; p<0.0001), but
not with gestational age (r=0.03 and r=0.01 respectively).

Table 4 Multivariate analysis
of factors associated with
birthweight

a Adjusted for maternal age and
duration of diabetes.

Variable All children Children of mothers with type 1 diabetes

Beta coefficient p value Beta coefficienta p valuea

Maternal type 1 diabetes 0.22 <10−10 – –
Gestational age (weeks) 0.51 <10−10 0.47 <10−10

Boys 0.11 <10−9 0.11 0.0009
Parity status 0.16 <10−10 0.18 <10−6

DR4 0.05 0.006 0.09 0.006
Maternal HbA1c (%) – – 0.16 <10−6

Overt nephropathy – – −0.15 <10−5

Table 3 Birthweight percentile in relation to parental origin of HLA
DR4 in children of type 1 diabetes mothers

DR4 alleles in child n Birthweight percentile
(median [IQR])

No DR4 allele 620 64 (30–90)
DR4 from father only 42 63 (39–89)
DR4 from mother only 164 75 (45–95)a

DR4 from both parents 65 82 (51–93)b

DR4 origin
undetermined

270 75 (42–93)a

IQR, interquartile range
a p=0.003 vs DR4-negative children
b p=0.004 vs DR4-negative children
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* **

Fig. 1 Birthweight percentiles with regard to maternal HbA1c during
pregnancy and HLA DR4 status of the child in children of mothers with
type 1 diabetes. Birthweight percentiles are birthweights adjusted for
gestational age and sex derived from national reference data [19]. Boxes
represent the median and interquartile range. * p<0.05; ** p<0.01.
Numbers of type 1 diabetic mothers for DR4− and DR4+, respectively:
HbA1c<5.5%, n=135, n=112; HbA1c 5.5–6.5%, n=132, n=135;
HbA1c>6.5%, n=48, n=44
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Similar relationships were also observed for weight
percentile and BMI percentile at age 2 years (not shown).
Factors associated with increased birthweight (maternal
diabetes, DR4 status of child in mothers with type 1
diabetes) were marginally and inconsistently related to
weight and BMI percentiles in childhood. INS VNTR
genotype in the total cohort or in children of mothers with
type 1 diabetes were not associated with weight and BMI at
ages 2 and 5 years (not shown).

By multivariate analysis, birthweight (p<10−10) and
gestational age (p=0.001), but not maternal diabetes
(p=0.5) or DR4 status in the child (p=0.9) were predictors
of BMI percentile at ages 2 and 5 years. Birthweight (p<10−10)
and gestational age (p=0.004) were predictors of weight
percentile at ages 2 and 5 years. Multivariate analysis in
children of mothers with type 1 diabetes indicated that
birthweight and gestational age are predictors of weight
and BMI percentiles, but did not find evidence of an
effect by HLA DR4 status of the child on weight
percentile (p=0.4) and BMI percentile (p=0.9) at ages 2
and 5 years.

The dominant relationship of birthweight to weight and
BMI in childhood and the marked increase in birthweight
in children of mothers with type 1 diabetes meant that
children of mothers with type 1 diabetes were more likely
to be overweight (BMI >90th percentile of normative

population) at age 5 years than children from non-diabetic
mothers (13.4 vs 8%; p=0.006). Mothers with type 1
diabetes who had HbA1c >6.5% during pregnancy had the
highest proportion of overweight children (23% at age
5 years).

Discussion

Maternal diabetes was found to influence intrauterine
growth in an interactive manner both with metabolic
control during pregnancy and with presence in the child
of the type 1 diabetes susceptibility HLA DR4 alleles.
Birthweight was a determinant of weight during childhood,
regardless of maternal diabetes.

The study was performed on the largest cohort of
prospectively followed newborn children with first-degree
relatives who have type 1 diabetes, and in particular of
children born to mothers with type 1 diabetes. Children
were recruited throughout Germany. Weight and height data
were obtained from obstetric and paediatric records, and all
weight, height and BMI data were related to national
reference birth data from more than two-million singleton
births in the 1990s [20] (M. Voigt, unpublished data] and to
childhood registry data. Validation of our data showed that
children of non-diabetic mothers in our cohort had adjusted

Fig. 2 Weight (a) and BMI (b) during childhood in relation to
birthweight and maternal diabetes. Children are classified according to
their birthweight (first, second and third tertiles after adjusting for
gestational age and sex relative to 563,480 German control offspring
[20]), and according to the type 1 diabetes status of their mother (open
boxes, non-diabetic mothers; dotted boxes, mothers with type 1
diabetes). Weight and BMI at age 2 years and at age 5 years are

expressed as percentiles adjusted for age and sex from national
reference data [20]. Boxes represent the median and interquartile range.
Numbers of children per column, from left to right: first tertile: n=303,
n=267, n=202, n=222, n=137, n=166; second tertile: n=295, n=279,
n=227, n=223, n=158, n=169; third tertile: n=274, n=615, n=203, n=
485, n=129, n=359
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birthweights similar to those of the reference cohort and
that their median weight and BMI during childhood were at
or close to the 50th percentile of that cohort. Nevertheless,
the study cohort was not population-based, and participa-
tion may have been biased in favour of better educated
families or families fluent in the German language.

Another potential limitation of the study is that maternal
HbA1c and INS VNTR genotyping were not obtained in all
cases. Although birthweight percentiles in the missing cases
appeared to be representative of the remainder of the
cohort, we cannot exclude the possibility that the findings
might have been different if these data had been obtained.
Moreover, HbA1c measurements were performed locally
using different assays and the relationship between mater-
nal HbA1c and birthweight might have differed, if HbA1c

had been measured centrally with a single method. Finally,
there was co-linearity between some of the variables
analysed, and some variables are likely to be influenced
by other confounder variables, such as socio-ecomonic
status, education, maternal BMI and hypertension during
pregnancy, which were not available for the analysis. Thus,
observed associations could in some cases be secondary to
other unknown variables.

Maternal diabetes had a marked effect on birthweight
and gestational age. As previously reported [26], this effect
was partially related to metabolic control during pregnancy.
Our data and previous data on much fewer subjects [27]
indicate that metabolic control as measured by HbA1c

during the final trimester is an important contributor to the
increased birthweight in children of mothers with diabetes.
The mechanism of this phenomenon is not completely
understood, but elevated levels of fetal insulin, leptin and
lipids are potentially responsible [28]. Other factors are
likely to be involved. In particular, genetic factors are
thought to influence fetal growth [12, 29–32].

An intriguing observation was recently reported in
children born in southern Sweden, according to which
children with the type 1 diabetes susceptibility haplotype
HLA DR4_DQB1*0302 had increased birthweight [12].
The study was performed in more than 20,000 unselected
births, including more than 1,500 children who had at least
one type 1 diabetes susceptible HLA DQB1*0302 haplo-
type. We were unable to detect DR4-related differences in
the 872 children born to non-diabetic mothers in our study.
However, we were unlikely to have the statistical power to
formally test the relatively small differences observed in the
Swedish study. We were also unable to confirm earlier
findings from 979 births in Norway [13] of increased
birthweights in children with the type 1 diabetes-protective
HLA DQB1*0602 haplotypes (data not shown). Again,
numbers of children with the HLA DQB1*0602 haplotypes
were relative low in our cohort (14% of cohort).
Remarkably, and in support of the findings in Sweden,

we did find differences between birthweights in DR4-
positive and -negative children born to mothers with type
1 diabetes, suggesting that maternal diabetes amplifies the
relationship between HLA DR4 alleles and birthweight. A
sub-analysis of the parental origin of the DR4 showed that
birthweight was increased if children inherited HLA DR4
from mothers who also had type 1 diabetes. Although no
increase in birthweight was seen if the child inherited
HLA DR4 from the father, the study had insufficient
power to exclude an effect by the paternal DR4. Similarly,
the study had insufficient numbers of children who were
HLA DR4 homozygous to determine whether birthweight
was further increased in these children. Moreover, because
most DR4-positive children had the HLA DQB1*0302
allele, it was not possible to determine whether HLA DR or
DQ was associated with birthweight. It is, of course,
possible that not all DR4 subtypes are associated with
increased birthweight. We therefore conclude that the
presence of HLA DR4, either in the child, or in the mother,
is indirectly involved in intrauterine growth or marks other
loci that affect intrauterine growth. How HLA DR or other
loci affect fetal growth is unclear. In our study, both HLA
DR4 and maternal HbA1c contributed to the increased
birthweight in children of mothers with type 1 diabetes.
Furthermore, HLA DR4-positive children had increased
weight, even if diabetic mothers had normal HbA1c during
pregnancy, suggesting that the effect of HLA DR was not
strictly related to metabolic control, but that other factors
such as insulinaemia could contribute to the HLA DR4
effect on birthweight.

The INS VNTR type 1 diabetes susceptibility locus has
been inconsistently reported to affect birthweight and
growth during childhood [29, 30, 33–35]. Homozygosity
for INS VNTR class III alleles was associated with
increased birthweight in a subgroup of children from
south-west England who did not show ‘catch-up’ or
‘catch-down’ weight changes from birth to age 2 years
[29]. The INS VNTR class III allele was associated with
reduced birthweight in Pima Indians [30], whereas studies
in much larger cohorts from England, Finland and Norway
failed to find any association between INS VNTR geno-
types and birthweight [33–35]. Similarly, an association
between INS VNTR genotypes and weight in childhood and
adulthood was also reported, but a more recent report failed
to confirm the original findings [36]. We did not find a
significant difference in birthweight and weight or BMI
during childhood between children who had INS VNTR
class I/I and class I/III genotypes. This applied even when
the analysis was restricted to children of mothers with type
1 diabetes, i.e. children who are likely to have been
exposed to higher concentrations of insulin during fetal
growth. No significant differences in birthweight, gesta-
tional age or birthweight percentile were seen in children
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who had the class III/III genotype as compared with
children with class I/I, but the number of children with
the class III/III genotype was low in our cohort.

Birthweight was a determinant of weight and BMI
during childhood. Compared with children with birth-
weights in the lowest tertile of the normative population,
children who had birthweights in the upper tertile of the
reference normative population were twice as likely to have
high weight and BMI and be classified as overweight
(>90th centile of normative population) at age 5 years. This
was true both for children of non-diabetic mothers and for
those of mothers with type 1 diabetes. Accordingly, since
children of mothers with type 1 diabetes had high birth-
weights, they were also more likely to be overweight at age
5 years than children of non-diabetic mothers. Mothers with
type 1 diabetes who had high HbA1c (>6.5%) during
pregnancy had the highest proportion of overweight
children at age 5 years. Thus, children of mothers with
diabetes and children with high birthweight could be
potential targets for programmes aimed at reducing child-
hood obesity.

The associations between maternal diabetes, high birth-
weight and weight gain during childhood are potentially
relevant to risk of childhood type 1 diabetes. The
associations, however, are somewhat contrary to expec-
tations. Although the effects are relatively weak, high
birthweight and increased childhood growth rates are
postulated to increase the risk of type 1 diabetes [37–39].
Yet, despite their high birthweight and increased BMI
during childhood, children of mothers with type 1 diabetes
have a lower risk of type 1 diabetes than children of fathers
with type 1 diabetes [40]. Thus, there are likely to be
important maternal factors that reduce the risk of type 1
diabetes and nullify other risk factors. The identification of
these factors could help reduce the incidence of type 1
diabetes.
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