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A high linear growth is associated with an increased risk

of childhood diabetes mellitus
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Summary. Insulin release and growth are intimately con-
nected. The aim of the present study was to investigate height
and weight in diabetic children from birth to onset of Type 1
(insulin-dependent) diabetes mellitus compared to that in
referent children. Data on height and weight were collected
from mailed questionnaires and from growth records ob-
tained from the child health clinics and schools in 337 recent-
onset diabetic children, 0-14 years old, and from 517 age-,
sex-, and geographically matched referent children. A total
of 9002 paired height and weight observations were col-
lected. The anthropometric development of the children was
expressed as standard deviation scores using the National
Center for Health Statistics/Centers for Disease Control
(NCHS/CDC) growth reference material. On the average,
the diabetic children were consistently taller than the refer-
ent children, a finding more pronounced among the boys.
The diabetic boys were significantly taller from 7 to 1 years
before the clinical onset of the disease, regardless of age at
onset. A similar tendency was found for the girls. When mean
height from 5 to 1 years before onset was used as a possible

risk factor for diabetes, a linearly increasing trend in the odds
ratio was found for diabetes in boys (odds ratio = 1.0; 1.57;
2.46 for height standard deviation score values <0; 0~1 and
> 1, respectively; p = 0.002 for trend). A similar, but statisti-
cally not significant, tendency was found for girls (odds ratio
= 1.0; 1.44; 1.43). As regards height increment from birth
similar trends in odds ratios were found. Weight-for-height
was similar among diabetic and referent children of both
sexes. We conclude that diabetic boys tend to be taller and
grow faster than referent boys for several years preceding the
disease. A similar, but not statistically significant tendency
was found among diabetic girls. Our findings indicate that
rapid linear growth is a risk factor for Type 1 diabetes in
childhood, and may be either a promoter of Type 1 diabetes
or else a marker of a physiological mechanism that affects
both growth and the pathogenesis of Type 1 diabetes.
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Adequate insulin supply is one of the fundamental pre-
requisites for normal growth in children [1]. Insulin appar-
ently promotes growth and differentiation both by a direct
action and an indirect action via insulin-like growth fac-
tors [2].

Studies on growth development after the clinical onset
of Type1 (insulin-dependent) diabetes mellitus have
demonstrated a tendency to retarded growth, despite a
fair metabolic control [3, 4]. The results on growth par-
ameters at the clinical onset of Type 1 diabetes are contra-
dictory. In some studies the height at onset is estimated to
be greater in diabetic children than in matched control
children or compared to national growth standard charts
[5-8]. In other studies the height is similar [9]. However, in
arecent twin study a significantly reduced growth velocity
was observed prior to the clinical onset of Type 1 diabetes
in the twins who subsequently developed the disease [10].

During periods of rapid growth, such as puberty, there
is an increased demand on the insulin-producing Beta
cells because growth hormone is also known to increase
the peripheral insulin resistance [11, 12]. This has been
suggested as one explanation of the prominent peak in the
incidence of Type 1 diabetes occurring at the time of the
maximal growth spurt in both boys and girls [13, 14]. It is
therefore of interest to study whether rapid growth before
puberty is also a risk factor for Type 1 diabetes in child-
hood. Large-scale longitudinal studies describing the
growth pattern in diabetic children during the period from
birth until the clinical onset of diabetes are lacking. In
Sweden, the growth development of all children is re-
corded at child health clinics and school health care units,
and all children who develop diabetes before the age of
15 years are reported to the Swedish Childhood Diabetes
Register [15, 16]. Using this register, a nationwide incident
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Table 1. Number of anthropometric observations among diabetic
and referent children

Number of Diabeticchildren  Referent children
observations (%) (%)
' (n = 337) (n = 517)

1-9 36.5 36.4
10-19 59.3 62.1
20-30 42 1.5
Mean number of
observations 10.9 10.2

Table 2. The distribution of the number of height and weight meas-
urements in children who later developed diabetes and in referent
children, by age group

Number of height and weight measurements

Agegroup Diabeticchildren Referent children Total

(years) n(%) n(%) n(%)

04 2712 (73.5) 3915 (73.7) 6627 (73.6)
5.9 654 (17.7) 960 (18.1) 1614 (17.9)
10-14 326 (8.8) 435 (8.2) 761 (8.5)
total 3692 (100.0) 5310 (100.0) 9002 (100.0)

case referent study was performed to answer the following
questions:

— Do children who develop diabetes have a different
growth pattern during periods prior to clinical onset of the
disease from that of matched referent children?

— Does the height of diabetic children at the clinical onset
of Type 1 diabetes differ from that of carefully matched
referent children?

Subjects and methods

The study was approved by the Ethics Committee of the Karolinska
Institute and by the Swedish Data Inspection Board.

In Sweden all children 0-14 years of age with suspected diabetes
are referred to paediatric departments. All incident cases of Type 1
diabetes are reported to the Swedish Childhood Diabetes Register
which has a level of ascertainment of 99 % [17]. Date of onset is
defined as the date of the first insulin injection. On the basis of this
register, an incident case referent study was performed from 1 Sep-
tember 1985 to 31 August 1986. For each child two age-, sex-, and
geographically-matched referent children were traced through the
official Swedish population register. The collection of data by ques-
tionnaires has recently been described in detail [15, 16].

In the questionnaires the parents reported their children’s birth
weight and height and current weight and height at the time the ques-
tionnaire was answered. With parental consent we were able to col-
lect anthropometric data from child health clinics and schools for 300
of 339 (88.5%) of the diabetic and from 434 of 528 (82.2%) of the
referent children participating in the study. Using data from both
sources of information —1i.e., the questionnaire and the health rec-
ords ~ we included 337 diabetic (180boys and 157 girls) and
517 referent (277 boys and 240 girls) children. The age distribution
of diabetic and referent subjects is equal because of the design of the
study, and recently described in detail [16]. The mean number of
paired height and weight observations was 10.9 for the diabetic chil-
dren and 10.2 for the referent children, with a range of observations
per individual between 1-30 (Table 1). Our results are based on
9002 paired height and weight observations. Since the Swedish child
health care system includes regularly scheduled visits to the child
health care centres during infancy and early childhood, and com-
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paratively few in late pre-school and school age, the anthropometric
measurements early in life dominated in the present study. The pro-
portions of paired measurements in different age groups were al-
most identical in diabetic and referent children (Table 2). Weight,
height and weight-for-height by sex and age were converted to stan-
dard deviation scores (SDS), utilizing the National Center for
Health Statistics/Centers for Disease Control (NCHS/CDC) an-
thropometric reference material [18} and the CDC anthropometric
software package (CASP) [19]. The NCHS/CDC reference material
covers the data of all participating subjects concerning weight and
height by age and sex, but weight-for-height is limited to heights be-
tween 49-146 cm for boys and 49-137 cm for girls and our analysis is
limited accordingly.

Height and weight for age and sex and weight-for-height by sex
were expressed as mean SDS and 95 % confidence limits for defined
periods of time for the whole group of diabetic and referent boys and
girls, respectively. They were also sub-grouped for age at the onset of
diabetes. Since there were no significant differences in the total num-
ber of observations between the diabetic and referent children in dif-
ferent age groups (Table 2), and since the mean numbers of observa-
tions for diabetic and referent children were equal (Table 1), these
calculations provide a reliable basis for a description of the charac-
teristic growth development patterns from birth onwards in diabetic
and referent boys and girls. Height weight, and weight-for-height de-
velopment by age and sex were described from birth to the clinical
onset of the disease in the diabetic children, and for the same period
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Fig.1a,b. Hight from birth and onwards in aboys and b girls. The
mean height for age is expressed in standard deviation scores (SDS).
The solid line marks the values of the children who developed
diabetes, the dotted line the values of the referent children; 95%
confidence intervals of the mean values are marked with solid verti-
callines for the diabetic children and the upper corresponding inter-
vals with an x for the referent children
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Fig.2a,b. Height development before clinical onset of Typel
diabetes in a boys and b girls. The mean height, related to clinical
onset of Type 1 diabetes, is expressed in standard deviation scores
(SDS). The solid line marks the values of the children who de-
veloped diabetes, the dotted line the values of the referent children;
95 % confidence intervals of the mean values are marked with solid
vertical lines for the diabetic children and the upper corresponding
interval with an x for the referent children

in the matched referent children, but also retrospectively from onset
of the disease investigating different periods preceding it.

Statistical analysis

To evaluate the possible association between different growth pat-
terns and the risk of developing diabetes in childhood, birth height
and weight and the mean height and weight values in SDS for each
child for the period from 5 to 1 years preceding the clinical onset of
diabetes was calculated. The relative risk of developing Type 1
diabetes was estimated as an odds ratio (OR). To assess the impact
of change in growth increment over time for the relative risk of de-
veloping diabetes, the OR for changes in height and weight, in SDS,
between birth and the defined period before clinical diagnosis was
estimated. Sufficient basic data to perform these calculations con-
cerning height and weight were available in 714 children and for
weight-for-height in 643 children. OR and 95 % confidence intervals
were calculated by Miettinen’s method [20]. A possible trend in
dose-response was analysed by the Mantel-Haenszel extension test.
Standardization for confounders was performed by stratification
and the standardized OR were calculated by Mantel-Haenszel’s
method. All statistical analyses were performed using the Quest
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software developed for the Swedish Medical Research Council by
L. Gustavsson, PhD.

Results
Height and weight development from birth onwards

The mean attained height for age, expressed in SDS, after
birth of the boys who developed diabetes, was consistently
higher than that of referent boys, although the 95 % con-
fidence intervals overlapped, with the exception of the
10th year of age (Fig.1a). In contrast to the boys, the girls
who developed diabetes showed no consistent difference
in mean SDS for height development, as compared to the
referent girls (Fig. 1b). For both diabetic and non-diabetic
boys and girls the height in SDS was increased relative to
the NCHS/CDC standard. The weight for age showed
similar patterns for diabetic and referent children of both
sexes.

Height development before the clinical onset of Type 1
diabetes

Looking retrospectively at height development before the
date of clinical onset of the disease and using this date as a
cut-off limit for the matched referent children, we note
that the boys who developed diabetes were consistently
taller than the referent boys from 7 to 1 years before the
onset (Fig.2a) but this difference diminished during the
year preceding the onset. The same pattern was found
among the boys with an onset of diabetes at 0-4, 5-9 and
10-14 vears of age. No such clear difference was found
among the girls (Fig.2b).

Height and weight development as risk factors for Type 1
diabetes

Height and weight at birth did not affect the risk of devel-
oping diabetes later in childhood. In contrast, with regard
to the mean height during the 5to 1 years before the onset
of Type 1 diabetes as a risk factor for diabetes, a dose-re-
sponse relationship between increased height and risk for
diabetes was found in boys (p for trend = 0.002). A ten-
dency towards an increased OR in the taller girls for the
same period was present but the trend was not statistically
significant (p for trend = 0.22) (Table 3). To investigate
whether weight development might be a primary risk fac-
tor for diabetes, the OR for weight-for-height by sex was
estimated in the 5 to 1 year-period preceding the disease
onset. No significant deviation in OR for the onset of
diabetes in overweight children was revealed (Table 3).

Height increment from birth
The height increment - i.e., the difference between the

height at birth and the mean height value from 5 to 1 years
preceding the onset of the disease showed an increased
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Table 3. Relative risk as odds ratio (OR) and 95 % confidence inter-
val (CI) for Type 1 (insulin-dependent) diabetes mellitus and the
mean height by age and weight-for-height by age in standard devia-
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tions scores (SDS) from 5 to 1 years before clinical onset of the dis-
ease. Risk estimations are also standardized for Type 1 diabetes in
relatives, maternal age and education as confounding factors

Boys Girls
OR standardization OR standardization

Mean height Crude Type 1 Maternal Maternal Crude Type 1 Maternal Maternal

by age OR diabetes among age education  OR diabetesamong age education

(SDS) (95% CI) relatives (95% CI) relatives

<0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

0-1 1.57 1.59 1.58 1.62 1.44 1.39 1.41 1.46
(0.96-2.56) (0.85-2.45)

>1 2.46 246 2.56 2.79 1.43 1.80 141 1.40
(1.41-4.30) (0.81-2.51)

Mean weight-

for-height

by age

(SDS)

<0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

0-1 0.79 0.75 0.72 0.78 0.86 0.65 0.88 0.85
(0.50-1.26) (0.52-1.42)

>1 0.78 0.87 0.75 0.73 0.88 0.93 0.81 0.86
(0.39-1.54) (0.41-1.89)

relative risk of diabetes in boys (p for trend = 0.02) and a
similar but more irregular tendency in girls (p for tend =
0.09) (Table 4).

Standardization for confounders

Social determinants may influence growth development
in children [21]. Since social factors such as maternal age
and education have recently been shown to influence the
relative risk of developing Type 1 diabetes among the
present subjects [16], the analyses were also made and
standardized for these factors as well as for Type 1
diabetes among relatives. No significant deviations were
found between the crude and standardized odds ratios
(Tables 3 and 4).

Discussion

Because the Swedish child health care system is respon-
sible for the welfare of almost all children from birth up to
adolescence, the conditions are good for performing a
study concerning growth parameters from birth onwards.
The fact that growth developmeat of the individual child
is carefully documented in growth records enabled us to
acquire unbiased data.

The most striking finding was a consistent increase,
most obvious in boys, in the height of children who de-
veloped diabetes. The finding does not seem to be ex-
plained by endocrinological changes exclusively during
puberty, since the same tendency was found in boys with a
clinical onset of diabetes of 0-9 years of age as well asin a
group with onset at 10-14 years of age. Moreover, when
regarding the height increment from birth as a risk factor,
a dose-response relationship was found for boys between

height development and a risk for developing Type 1
diabetes in childhood.

This phenomenon may have various explanations. A
rapid growth determined by genetic factors and mediated
byhormonalinfluences mayincreasethe peripheralinsulin
demand and thus affect the clinical onset in an individual
whohas a decreased Beta-cell mass caused by an unrelated
immunological Beta-cell destructive process. In this per-
spective a rapid growth in itself may be considered a direct
risk factor for diabetesin growing individuals. Alternative-
ly, the basic mechanism may be a genetically determined
tendency to hyperinsulinaemia, leading both to an accel-
erated growth [2] and perhaps also to an increase in the vul-
nerability of the Beta cell. In this context it isinteresting to
note that episodes of hypoglycaemia occur in pre-diabetic
individuals [22]. Furthermore, the hyperfunctioning Beta
cell has proved to be increasingly susceptible to the Beta-
cell cytotoxic action of lymphokines such as interleukin 1
and tumour necrosis factor [23]. In this perspective, a rapid
growth may be regarded rather as a marker for Type 1
diabetes during childhood. It may also be speculated that
the early lesions of the Beta cells may evoke an over-com-
pensation or anearly remission-type phase with hyperinsu-
linism. This eventmayleadto anincreased growth velocity,
eitherviatheinsulinreceptorsorviathe insulin-like growth
factorreceptors [24].

Although similar height development patterns were
noted in boys and girls who developed diabetes, the pat-
tern was more evident and consistent in boys. The reason
for this sex difference is not clear. One may speculate
whether it may be partly because girls enter puberty about
2 years earlier than boys and therefore in the present
study a larger proportion of the girls would have stopped
growing when they entered the study. This might have re-
duced the difference between the diabetic and the refer-
ent girls.
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Table 4. Relative risk as odds ratio (OR) and 95 % confidence inter-
val (CI) for Type 1 (insutin-dependent) diabetes mellitus and height
increment expressed as the mean difference in standard deviation
scores (SDS) between birth and the period from 5 to 1 years before
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onset of the disease. Risk estimations are also standardized for
Type 1 diabetes in relatives, maternal age and education as con-
founding factors

Boys Girls
OR standardization OR standardization
Mean difference Crude Type 1 Maternal ~ Maternal Crude Type 1 Maternal ~ Maternal
in height OR diabetes age education OR diabetes age education
(SDS) (95% CI) among (95% CI) among
relatives relatives
<0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
0-1 1.18 1.37 1.18 1.20 2.16 1.86 2.18 2.18
(0.73-1.89) (1.29-3.62)
>1 2.03 1.96 1.98 2.17 1.54 153 1.42 1.54
(1.15-3.57) ’ (0.86-2.77)

In a very recent prospective twin study from the United
Kingdom concerning 12 identical twin pairs, consisting of
originally healthy twins and their co-twins with Type 1
diabetes, the seven twins who later developed Type 1
diabetes showed a decreased growth velocity for a new
period of about 1 year prior to the clinical onset of the dis-
ease [10]. In our study, relying on routine measurements in
child health centres and schools, a detailed description of
the growth pattern during the year before the onset of
diabetes could not be performed, but the tendency to-
wards a diminishing difference in mean heights during this
period may reflect the same phenomenon as described in
the twin study. The tendency of the diabetic boys to be tal-
ler several years before clinical onset of the disease com-
pared to matched subjects, found in our study, could not
be verified in the twin study because of the identical in-
heritance of monozygotic twins resulting in very similar
height development within these twin pairs [25].

Obesity is a well-known risk factor for peripheral in-
sulin resistance and hyperinsulinaemia. However, the
analysis of weight development as well as weight for
height by age and sex from 5 to 1 years before the onset of
diabetes showed no relationship to the risk of developing
the disease. Therefore, we consider that the height rather
than weight development is the principal risk factor in this
context.

The finding that both the diabetic and the referent
children were slightly taller and heavier than assumed in
the NCHS/CDC anthropometric reference material [18]
was probably due to the ethnically based differences in the
growth characteristics of the subjects participating in the
present study and those who contributed to the growth
data in the referent system. The secular trend of growth
may also partly explain this phenomenon [26].

We conclude that, children, who later develop
diabetes, especially boys, tend to be slightly but consis-
tently taller, although not heavier, than matched referent
children from early childhood up to the year of the clinical
onset of Type 1 diabetes.

Alsomean height from 5to 1 years preceding the onset
of diabetes shows a dose-response relationship to the risk
~for boys - of developing Type 1 diabetes. An accelerated
height development from birth up to the 5 to 1 years be-

fore the onset of the disease is associated with an in-
creased risk of Type 1 diabetes in childhood, even when
standardized for possible confounders, such as maternal
age and education and Type 1 diabetes among relatives.
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