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Abstract
Aims/hypothesis It has been suggested that metabolic
demand and insulin resistance play a role in the development
of type 1 diabetes, including the onset of autoimmunity. The
aim of the present study was to determine whether insulin
demand is increased in children with islet autoantibodies.
Methods BMI standard deviation score (BMI-SDS) was
measured from 2 years of age in 1,650 prospectively
followed children of mothers or fathers with type 1 diabetes,
including 135 who developed persistent islet autoantibodies.
HOMA of insulin resistance (HOMA-IR) was determined
using fasting samples from 777 of the children starting from
age 5 years.
Results An increased HOMA-IR was associated with
female sex (p=0.0004), older age (p<0.0001) and increased
BMI-SDS (p<0.0001). Children with islet autoantibodies
did not have an increased HOMA-IR compared with age-
matched islet autoantibody-negative children (age 8 years:

mean 0.61 vs mean 0.72, respectively, p=0.21; age 11 years:
mean 0.96 vs mean 1.21, respectively, p=0.07). Further-
more, after correction for age and sex, autoantibody
positivity was associated with decreased HOMA-IR values
(p=0.01). BMI-SDS was similar between islet autoantibody-
positive and -negative children at age 2 (mean 0.07 vs mean
0.16, respectively), 5 (mean 0.06 vs 0.08, respectively),
8 (mean −0.09 vs mean 0.02, respectively), and 11 years
(mean 0.22 vs mean 0.16, respectively) and similar to that of
national reference values.
Conclusions/interpretation Islet autoantibody-positive chil-
dren in the BABYDIAB cohort are not insulin resistant and
do not have an increased BMI around and early after islet
autoantibody seroconversion. These findings are inconsis-
tent with the notion that insulin resistance is a risk factor for
islet autoimmunity.
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Abbreviations
islet ab Islet autoantibody
BMI-SDS BMI standard deviation score
GADA GAD autoantibodies
HOMA-IR HOMA of insulin resistance
IAA Insulin autoantibodies
IA2A Tyrosine phosphatase autoantibodies

Introduction

Type 1 diabetes is a chronic autoimmune disease caused by
the selective destruction of pancreatic islets, which leads to
insulin deficiency, but the aetiology of type 1 diabetes is
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still unknown [1–3]. Roles for impaired insulin action and
increased insulin demand in the pathogenesis of autoim-
mune type 1 diabetes have been proposed [4, 5]. There are
consistent reports indicating that decreased insulin sensi-
tivity leads to the earlier development of diabetes in islet
autoantibody-positive relatives, particularly when they
show a concomitant decrease in beta cell function [6–8].
Moreover, a causal aetiological role for insulin sensitivity in
driving beta cell destruction, or indeed, initiating islet
autoimmunity, has been suggested, but no direct evidence
has been reported. Indirect evidence for this comes from
reports showing that HLA genotypes associated with a high
risk for type 1 diabetes are linked with birthweight, and
from epidemiological studies indicating that the incidences
of obesity and type 1 diabetes are increasing in parallel in
childhood [9–13]. Stronger evidence would be provided if
insulin demand was found to be increased in the pre-
diabetic period, but thus far no direct comparison of insulin
sensitivity between autoantibody-positive and -negative
individuals has been reported. To address this, we examined
BMI and HOMA of insulin resistance (HOMA-IR, a
marker of insulin sensitivity) in autoantibody-positive and
-negative children participating in the BABYDIAB study.
Specifically, the aims of this study were to determine
whether children with islet autoantibodies have a lower
insulin sensitivity and/or are more obese than children who
remain autoantibody negative.

Methods

Participants The BABYDIAB study examines the natural
history of autoimmunity to islet antigens from birth in the
children of parents with type 1 diabetes [14]. Families were
eligible to participate if one or both parents had type 1
diabetes. Recruitment into the study began in 1989 and
ended in 2000. Venous blood samples from the child during
follow-up were requested at scheduled study visits at age
9 months and 2, 5, 8, 11, 14 and 17 years. For most visits,
samples were obtained within the requested time window
for each study visit (6–12 months, 1.5–2.5 years, 4.5–
5.5 years, 7.5–8.5 years, 10.5–11.5 years, 13.5–14.5 years,
16.5–17.5 years). Some children attended study visits
outside these time windows. Islet autoantibodies were
measured in samples taken at all scheduled visits. If
children had a positive autoantibody finding, they were
asked to provide a sample for confirmation of autoantibody
status within 6 months. Questionnaires were completed by
the parents at the birth of each child and at each paediatric
visit, at which time the child also underwent a physical
examination performed by the paediatrician. The study was
coordinated by the Diabetes Research Institute in Munich
(Institut für Diabetesforschung der Forschergruppe Diabetes

e.V. at the Helmholtz Center Munich) through direct contact
with the families and the family paediatrician. Offspring
were considered as participants of the BABYDIAB study if
they had been recruited at birth and had participated in at
least the 9 month follow-up visit. A total of 1,650 offspring
met these criteria. The median follow-up time from birth to
last sample was 8.29 years (range 0.75–18.5 years). The
cumulative dropout rate was 16% by age 5 years and 20.9%
by age 8 years. All families gave written informed consent to
participate in the BABYDIAB study. The study was
approved by the ethical committee of Bavaria, Germany
(Bayerische Landesärztekammer number 95357).

Outcome definitions Islet autoimmunity was defined by the
appearance of islet autoantibodies. Offspring were consid-
ered islet autoantibody-positive if at least two consecutive
samples collected after birth were found to be positive for
one or more islet autoantibodies (to insulin [IAA], GAD
(GADA) or tyrosine phosphatase-like protein [IA2A]).
Positivity for more than one islet autoantibody (multiple
islet autoantibody-positive) was used as a secondary
outcome. A total of 135 children had at least one persistent
islet autoantibody, and 61 of these children had multiple
islet autoantibodies. Five children who were islet
autoantibody-positive on one occasion and who did not
provide a follow-up sample for confirmation of autoanti-
body status were not included in the analyses.

BMI Weight and height were collected from paediatric
records at birth and at ages 9 months and 2, 5, 8, 11, 14 and
17 years. Paediatric records were completed by trained staff
at delivery and by paediatricians at visits to the clinic after
birth. Data on height, weight and BMI at follow-up were
adjusted for sex and exact age at examination; BMI was
expressed as the BMI standard deviation score (BMI-SDS)
[15], with reference to the national data provided by the
study group Adipositas im Kinders- und Jugendalter [16].
BMI data were available for 1,414 children at age 2 years,
1,294 children at 5 years, 791 children at 8 years, 434
children at 11 years, 120 children at age 14 years and ten
children at 17 years (Table 1).

HOMA-IR Blood samples for the determination of HOMA-IR
had been collected since 2003 from children aged 5 years and
above. Children were asked to fast for at least 8 h before blood
collection. Fasting blood glucose was determined locally by
the pathology laboratory at the paediatric outpatient depart-
ment, and the blood glucose value was sent to the Diabetes
Research Institute. Serum samples for the measurement of the
fasting insulin were sent by express courier from the
paediatrician to the Diabetes Research Institute. For this
analysis, data were available for 25 children at age 5 years,
482 children at 8 years, 344 children at 11 years, 85 children at
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14 years and six children at 17 years; 165 children had more
than one measurement available for analysis (Table 1). Fasting
insulin was determined using the Mercodia Ultrasensitive
Insulin ELISA (Uppsala, Sweden), a solid-phase two-site
enzyme immunosorbent assay, as described in the manufac-
turer’s instructions. Insulin resistance was estimated by the
HOMA of insulin resistance (HOMA-IR) [17].

Islet autoantibodies IAA, GADA and IA-2 (IA2A) were
determined as previously described [14]. The upper limits
of normal corresponded to the 99th percentile of the control
children, and were 8.5 local units/ml or 25 WHO units/ml
for GADA, 2.5 local units/ml or 4 WHO units/ml for IA2A,
and 1.5 local units/ml for IAA.

Statistical analysis Relationships between HOMA-IR and
age, sex and BMI-SDS were analysed by linear regression
using the first available HOMA-IR measurement for each
child. For specific comparisons of HOMA-IR levels at age
8 years and at age 11 years between islet autoantibody-
positive and -negative children, analysis of variance
methods were used; for this analysis, visits that occurred
within the requested time window for 8 and 11 years were
used. For all analyses, logarithmically transformed (loge)
values of HOMA-IR were used so that assumptions of the
general linear model and parametric analyses were met.
Accordingly, means and 95% confidence limits reported for
HOMA-IR are based on log-transformed data. At each visit
age, BMI-SDS values were compared between children
with and without islet autoimmunity (and with and without
multiple autoantibodies) by analysis of variance. For all

analyses, a two-tailed p value of 0.05 was considered
significant. All statistical analyses were performed using
the Statistical Package for Social Science (SPSS 16.0;
SPSS, Chicago, IL, USA).

Results

HOMA-IR and age, sex, BMI-SDS HOMA-IR was signif-
icantly higher in girls than boys (mean 0.96 vs mean 0.86,
p=0.0004; Fig 1a). An increased HOMA-IR was associated
with an increased BMI-SDS (r=0.24, p<0.0001) and there
was a significant relationship between HOMA-IR and age
(r=0.32, p<0.0001; Fig. 1b and c).

HOMA-IR and islet autoimmunity Of 777 children with
HOMA-IR measurements, 84 had developed confirmed
islet autoantibodies during the study. Analysis of HOMA-
IR by age showed no significant difference in HOMA-IR
between islet autoantibody-positive and islet autoantibody-
negative children, with a tendency towards a lower HOMA-
IR in the antibody-positive children compared with the
antibody-negative children (age 8 years: mean 0.61, [95%
CI 0.49–0.77] vs mean 0.72 [95% CI 0.67–0.79], p=0.21;
age 11 years: mean 0.96 [95% CI 0.70–1.31] vs mean 1.21
[95% CI 1.20–1.30], p=0.07; Fig. 2a,b). Moreover, when
all children with HOMA measurements were considered
collectively using their first available HOMA-IR measure-
ment as the dependent variable, islet autoantibody positivity
was associated with significantly lower HOMA-IR

Age Islet autoantibody status Cases with BMI-SDS (n) Cases with HOMA-IR (n)

2 years (n=1,511)a islet ab+ at visit 50 0

islet ab+ subsequently 69 0

islet ab– 1,295 0

5 years (n=1,372)a islet ab+ at visit 76 23

islet ab+ subsequently 35 0

islet ab– 1,183 2

8 years (n=1,116)a islet ab+ at visit 63 44

islet ab+ subsequently 9 0

islet ab– 719 438

11 years (n=522)a islet ab+ at visit 38 36

islet ab+ subsequently 3 1

islet ab– 393 307

14 years (n=132)a islet ab+ at visit 33 17

islet ab+ subsequently 0 0

islet ab– 87 68

17 years (n=10)a islet ab+ subsequently 3 1

islet ab+ at follow-up 0 0

islet ab– 7 5

Table 1 BMI-SDS and HOMA-
IR at each study visit age

a Numbers refer to children who
have reached the follow-up visit
age and are still in the study at
the time of analysis (June 2008)
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(p=0.01) after correction for age at time of measurement
and sex.

BMI and islet autoimmunity BMI was measured at least
once from age 2 years in 1,650 children, including 135 who
had developed islet autoantibodies by the time of analysis.
Islet autoantibody-positive children did not have an
increased BMI-SDS as compared with islet autoantibody-
negative children at age 2, 5, 8 or 11 years (Fig. 3). Among
the antibody-positive children, BMI-SDS was similar in
children who were already islet autoantibody-positive at

BMI-SDS measurement and those who subsequently
developed autoantibodies. Furthermore, no differences were
observed when the analysis was restricted to children with
multiple islet autoantibodies (data not shown).

Discussion

Increased insulin demand has been suggested to have an
important role in the pathogenesis of autoimmunity in type
1 diabetes [4–8]. In the present study we aimed to obtain
evidence supporting this hypothesis by analysing two
known causes of insulin demand, BMI and HOMA-IR (as
a marker of insulin sensitivity), in islet autoantibody-
positive and -negative children who were prospectively
followed from birth. Neither BMI nor HOMA-IR was
increased in the islet autoantibody-positive children at any
age. Thus, we were unable to find evidence to support an
increased insulin demand in children who develop islet
autoantibodies.

This is a prospective study in which measurements of
islet autoantibodies, BMI and HOMA-IR are performed in
real time. BMI was analysed from the age of 2 years in
these children, and HOMA-IR was determined from as
early as 5 years of age. HOMA-IR measurements were
available for over 700 children who provided fasting blood
samples during the course of the study. All insulin
measurements were performed centrally, whereas blood
glucose measurements were performed locally by a pathology
laboratory. The measurements of HOMA-IR were consistent
with previous reports showing a correlation between HOMA-
IR and BMI [18–21]. We found that girls had an increased
HOMA-IR compared with boys. This difference between the
sexes with respect to insulin resistance has also been
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documented in other studies and is likely to be due to
differences in fat deposition and distribution and pubertal
age between boys and girls [20, 21]. Finally, an increased
HOMA-IR was associated with older age in our study cohort
of children between 5 and 17 years of age. Previous studies
have also reported an association between insulin resistance
and age, especially with the onset of puberty. It is postulated
that growth hormones and an increased body mass contribute
to this relationship [20, 21]. Unfortunately, Tanner stages
were only available for a few of the antibody-positive
children who participated in our study.

Together with the many merits of the measurements
performed in the study, some limitations need to be
considered when interpreting the data. First, HOMA-IR is
only a surrogate measure of insulin sensitivity, and the
relationship between HOMA-IR and insulin sensitivity
measured by sophisticated clamp measurements is not
perfect [22]. Thus, the relationships between insulin
sensitivity and autoantibody status might differ if measure-
ments were performed using more accurate measurements

of insulin sensitivity. A second limitation is that, for most
of the autoantibody-positive children, the first HOMA-IR
measurements were obtained when the child had developed
autoantibodies. Thus, although HOMA-IR was determined
early in the history of islet autoimmunity, and in a number
of cases, prior to the development of islet autoantibodies,
we cannot exclude the possibility that HOMA-IR may have
been transiently increased shortly prior to the development
of islet autoantibodies. Similarly, 30 children developed
diabetes prior to of the commencement of HOMA-IR
determination, and we cannot exclude the possibility that
these children were more likely to be insulin resistant than
children who developed diabetes later. A potential limita-
tion is that some of the islet autoantibody-negative children
are likely to develop autoantibodies at a subsequent time
point. The number is expected to be very small, and this is
unlikely to greatly influence the results. The missing data
for children who either dropped out of the study or did not
provide samples for HOMA-IR measurement may also
have biased the findings. We were unable to determine the
time course of HOMA-IR, since multiple HOMA-IR
measurements were obtained in less than half of the
children analysed. Finally, since the data are from children
with a family history of type 1 diabetes, the HOMA-IR may
not reflect those seen in children from unaffected families.
Note, however, that the BMI for the children in this study
was not different from that observed in a reference German
population [15].

A link between insulin demand and autoimmunity would
support converging pathogenetic mechanisms in type 1 and
type 2 diabetes [4], but current evidence for this link is
largely circumstantial. While there are some data suggest-
ing that birthweight differs according to HLA genotype,
including increased birthweight in children with certain
type 1 diabetes-susceptibility HLA alleles [9–11], there is
no clear relationship between birthweight and risk of type 1
diabetes [12, 13]. Moreover, in our BABYDIAB study, the
highest risks for autoimmunity appeared to be associated
with normal birthweight [23]. There have also been reports
of associations between BMI and autoantibody concentra-
tion, but these studies had very few autoantibody-positive
cases, and the correlations were made between BMI and
antibody concentrations that were largely at the upper end
of the normal range, values that are extremely difficult to
reproduce in multiple laboratories, i.e. potentially noise in
the autoantibody assays [24].

Our current study is perhaps the most informative with
respect to testing the accelerator hypotheses, and shows no
association between either increased HOMA-IR or BMI
and autoantibody positivity. Indeed, the autoantibody-
positive children had a slight decrease in HOMA-IR as
compared with the islet autoantibody-negative children.
The study also shows that, at least in Germany,

Islet ab–

(n=1,295)

Islet ab+

(n=119)

Islet ab–

(n=1,183)

Islet ab+

(n=111)

Islet ab–

(n=719)

Islet ab+

(n=72)

Islet ab–

(n=393)

Islet ab+

(n=41)

B
M

I-
S

D
S

3

2

1

0

–1

–2

–3

3

2

1

0

–1

–2

–3

B
M

I-
S

D
S

3

2

1

0

–1

–2

–3

B
M

I-
S

D
S

3

2

1

0

–1

–2

–3

B
M

I-
S

D
S

ba

dc

Fig. 3 Comparison of BMI-SDS between islet autoantibody-positive
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autoantibody-positive children are neither excessively over-
weight nor insulin resistant. Thus, a substantial contribution
of insulin demand on progression to type 1 diabetes is
unlikely to be true for the majority of autoantibody-positive
children over the last decade. This may change in the future
if obesity continues to increase. We believe it is likely that
(1) islet autoimmunity develops on a background of genetic
susceptibility regardless of insulin demand; (2) the eventual
development or not of type 1 diabetes is unaffected by
insulin demand; but (3) insulin demand will affect the
timing of clinical presentation of diabetes if beta cell mass
or function is reduced. This last point is supported by data
from other studies [6–8] that show a clear relationship
between insulin resistance measured during IVGTT tests
and the development of clinical diabetes if beta cell function
is considered in the statistical model. The notion that obesity
and insulin demand do not affect the presentation of
autoimmunity is also supported by animal models in which
severely obese mice that were genetically susceptible to type
1 diabetes rarely developed the disease [25, 26]. Indeed, it
appears that the obesity protected from the development of
autoimmunity in these mice, although it is possible that the
leptin receptor mutation introduced into the mice may have
conferred protection independently from the obesity.

In conclusion, while prevention or delay of type 1
diabetes may be achieved by including therapeutic agents
that increase insulin sensitivity or beta cell function, it is
unlikely that such therapies will be effective in preventing
the initiation of autoimmunity or progression of autoimmunity
early in the pathogenesis of the disease.
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