
Adult height is determined by genetic and acquired
factors. It has been reported that middle-aged pa-
tients with impaired glucose tolerance or Type II
(non-insulin-dependent) diabetes mellitus are short
compared with normal control subjects [1, 2]. In mid-

dle-aged diabetic patients it is, however, difficult to
exclude the effect of ageing and long standing meta-
bolic effects on height.

There is a lot of evidence that Type II diabetes and
gestational diabetes mellitus (GDM) are both mani-
festations of the same pathophysiological process,
which includes insulin resistance and impaired beta-
cell function [3, 4]. Gestational diabetes mellitus is a
heterogeneous disorder; it is characterised by hyper-
glycaemia or glucose intolerance with onset or first
recognition during pregnancy. This is usually tempo-
rary and affects a younger group of people who have
completed their skeletal growth and have not yet suf-
fered age-related bone loss [5]. We considered that
pregnant women with various degrees of glucose
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Summary Short stature has been associated with var-
ious degrees of abnormal glucose tolerance in mid-
dle-aged people, where the effects of age and meta-
bolic control would be difficult to exclude. We chose
to examine body stature in women with gestational
diabetes mellitus (GDM), a prediabetic state affect-
ing a young group of people. A sample of 2772 Greek
pregnant women, referred for GDM screening was
examined. After a 100-g oral glucose tolerance test,
1787 women were classified as normal (N), 300 wom-
en were found with one abnormal glucose value
(OAV) and 685 women with GDM. Basal insulin re-
sistance was calculated in 640 women by homeostasis
model assessment. In addition, 51 pregnant women
with pre-existing Type II (non-insulin-dependent) di-
abetes mellitus and 109 with pre-existing Type I (in-
sulin-dependent) diabetes mellitus were included in
the study. There was a gradual decrease in mean
height (cm) as glucose intolerance became more se-
vere: N: 161.0 ± 6.2, OAV:160.2 ± 6.1, GDM:158.7 ±

6.3, Type II diabetes 158.2 ± 7.0 (p < 0.001, analysis
of variance]. Height in Type I diabetes (160.1 ± 5.9)
did not differ from the normal group. The difference
in height between the normal and GDM groups re-
mained (p < 0.001) when body weight, age, birth be-
fore or after 1960 and educational status were also
taken into account. An independent correlation was
also found between height and insulin resistance
(n = 640) adjusted for the above mentioned variables.
In conclusion, short stature appears to be associated
with glucose intolerance as an independent variable,
even when this intolerance is both mild and tempo-
rary. The previously unrecognised independent asso-
ciation of stature with basal insulin resistance merits
further investigation. [Diabetologia (1998) 41: 997±
1001]
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intolerance (i. e. one abnormal value in the oral glu-
cose tolerance test (OGTT), GDM or Type II diabe-
tes), reflecting different degrees of insulin resistance
or impaired insulin secretion or both would be a suit-
able model to evaluate possible differences in height
compared with normal pregnant women. In addition,
a group of pregnant women with pre-exisiting Type I
diabetes (insulin-dependent) mellitus with long
standing disturbances of glucose metabolism were in-
cluded in the study.

Subjects and methods

This study was conducted on 2772 consecutive women who
were referred to the Diabetes Centre of the Alexandra Gener-
al Hospital of the University of Athens for screening for GDM
during the years 1990 to 1996.

We included only women of Greek ethnic origin, born and
brought up in Greece who were otherwise healthy. All women
lived in the Athens metropolitan area, whose residents origi-
nate from all parts of the country. Exposure to sunshine is uni-
form in all parts of Greece (cloudiness range across the coun-
try 2.60±4.12 octas); therefore, vitamin D deficiency is not rele-
vant for this age group in Greece. Age, height, educational sta-
tus and pre-pregnancy weight were recorded for each pregnant
woman; from these variables pre-pregnancy BMI was calculat-
ed. Height and weight were measured always in the morning
by two experienced outpatient nurses using a portable stadi-
ometer and weight scale (SECA, model 713 Hamburg, Germa-
ny) to the nearest centimetre.

On the same day a standard 100-g Oral Glucose Tolerance
Test (OGTT) was performed at gestational age of
24±32 weeks. When more than one OGTTs were performed,
the latest one was included in the analysis. HbA1 c measure-
ments were used to identify women with pre-existing but un-
recognised diabetes mellitus. Using the National Diabetes
Data Group criteria [6] 1787 women were classified as normal
(N), 300 women were found with one abnormal glucose value
(OAV) and 685 women with GDM. Women who were first rec-
ognised as having Type I diabetes during pregnancy were ex-
cluded from the GDM group for the analysis. A further 51
pregnant women with pre-existing Type II diabetes and 109
with Type I diabetes were examined during the same period.
During the OGTT insulin concentration was measured in 417
normal women, in 130 GDM and in 93 OAV women. All three
subgroups were representative of their larger groups in respect
of age, pre-pregnancy weight and height.

Plasma glucose concentration was measured with an auto-
analyser using the hexokinase method. Serum insulin immu-

noreactivity was measured by ELISA (Boehringer Mannheim,
Germany); the intra-assay and inter-assay coefficients of varia-
tion were 7.8 % and 6.4 %, respectively at 600 pmol/l; this
method has a 40 % cross-reactivity with human proinsulin. To
evaluate basal insulin resistance and beta-cell function, we
used the homeostasis model assessment (HOMA) [7] applying
the following formulas: insulin resistance = FI X G/22.5 and
beta-cell function (%) = 20 X FI/(G-3.5), where FI = fasting
insulin (mU/ml) and G = fasting glucose (mmol/l).

Statistical analysis. Statistical analysis was performed using the
t test when only two groups were compared and the analysis of
variance test for comparison of more than two groups; the least
significant difference test (LSD) was used to determine signifi-
cant differences between any two of the groups. Multiple lin-
ear regression model was used to adjust for the effects of con-
founders and the �B' value (which is the average change in the
dependent variable when the corresponding independent vari-
able increases by one unit and all the other independent vari-
ables remain constant) for variables.

Results

The mean values of the anthropometric characteris-
tics of the various study groups are shown in Table 1.
As expected, there was a gradual increase in mean
age, mean pre-pregnancy weight and BMI in the
OAV, GDM and Type II groups when compared to
the normal group (analysis of variance, p < 0.001).
On the other hand the Type I group was younger
and did not differ from the normal group in pre-preg-
nancy weight and BMI.

The mean height of normal pregnant women was
161.0 ± 6.2 cm. The GDM and Type II groups were
shorter than the normal group (N) and the OAV
group had an intermediate mean height. The Type I
group did not differ in height from the normal group
(Table 1).

We further examined age, weight and socio-eco-
nomic factors as possible confounding variables af-
fecting height. There was no correlation between
age and height in all the groups examined (r = ±0.1).
To exclude the effect of weight on height, we anal-
ysed the data separately for weight subgroups (Ta-
ble 2). The differences remained even in the lean in-
dividuals.
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Table 1. Anthropometric characteristics of the study groups

Groups N Age (years) Prepregnancy
weight (kg)

BMI (kg/m2) Height (cm)

N 1787 29.5 ± 5.6 64.2 ± 12.2 24.8 ± 4.5 161.0 ± 6.2
OAV 300 31.3 ± 5.5a 66.5 ± 13.3a 25.9 ± 4.8a 160.2 ± 6.1a

GDM 685 33.1 ± 5.5a 68.7 ± 14.7a 27.3 ± 5.7a 158.7 ± 6.3a

Type II 51 34.6 ± 6.0 78.7 ± 20.8a 31.3 ± 7.5a 158.2 ± 7.0

Type I 109 28 ± 5.4b 62.7 ± 8.9 24.5 ± 3.4 160.1 ± 5.9
a significance of difference from the preceding group (p < 0.05, LSD test).
b significance of difference from normal (p < 0.05)
Data are expressed as means ± SD



Educational status, a reliable marker of socio-eco-
nomic milieu, was considered separately for those
who attended school for less than 12 years and those
with higher education. Women with little education
were indeed shorter compared with those with higher
education (p < 0.001); however, the height differ-
ences between GDM and N groups remained: Group
less than 12 years: N (n = 1054): 160.4 ± 6.3 compared
with GDM (n = 403): 158.0 ± 6.5 cm, (p < 0.001) and
group more than 12 years: N (n = 733): 161.8 ± 5.9
compared with GDM (n = 282): 159.6 ± 5.9 cm,
(p < 0.001). Furthermore, to screen for a possible co-
hort effect, we analysed our data according to the
date of birth separately for those born before and
those born after the year 1960; birthdate 1945±1960:
N group (n = 462) 160.1 ± 6.3 compared with GDM
(n = 315) 158.1 ± 6.3 cm (p < 0.001); date of birth
1960±1980: N group (n = 1325) 161.3 ± 6.1 compared
with GDM (n = 370) 159.2 ± 6.2 cm (p < 0.001). The
difference in height between the GDM and the nor-
mal group remained in both periods, despite the fact
that mean height was shorter in all women born be-
fore 1960 compared with those born after that date
(p < 0.001).

When we included the above mentioned variables
that influence the final height in the same regression
model (Table 3), we found that GDM was the most
important independent variable: a woman with gesta-
tional diabetes is predicted (B) to be 2.5 cm shorter
compared with a woman with normal glucose toler-
ance.

In the group of 640 women, in whom insulin levels
were also available, GDM women had significantly

higher basal insulin resistance matched for gestation-
al age than normal pregnant women and the OAV
group values were in between. In addition, beta-cell
function (HOMA model) was decreased in GDM
and OAV compared with normal women (Table 4).
Furthermore, an inverse correlation was found be-
tween height and insulin resistance independently of
age, weight and educational status (Table 5).

Discussion

As the Alexandra General Hospital is a referal centre
for high-risk pregnancies for the whole Athens me-
tropolitan area, we had the opportunity to study a
large number of women with impaired glucose toler-
ance; in our series the per cent of GDM was 24.7%
and OAV was 10.8%.

Our epidemiological data showed a short stature
in young women with various degrees of glucose in-
tolerance, who should be unaffected by osteoporosis.
The mean height found in our normal group is identi-
cal to the mean height of adult women reported pre-
viously for the Greek population [8]. Interestingly,
the gradual decrease in height paralleled the impair-
ment of glucose tolerance, normal women being at
one end and GDM and Type II women at the other.
It can, therefore, be suggested that these two related
disorders (GDM and Type II) also share another phe-
notypic feature, a slightly shorter than expected stat-
ure. Furthermore, the more insulin resistant GDM
subjects had the greater decrease in adult height, re-
sembling the Type II group. Our results thus agree
with previous reports concerning Type II [1, 2]. It
could be speculated that the subset of GDM who
will eventually develop permanent Type II are found
among those whose stature is shorter than expected.

Obesity is another important factor associated
with the degree of glucose intolerance. However,
shorter stature was found in lean as well as in obese
women with GDM. It is to be noted that the mean
height in the Type I group which has a totally differ-
ent pathogenetic mechanism was not different from
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Table 2. Mean height in the different weight subgroups

Body weight subgroup 40±59.9 kg 60±74.9 kg > 75 kg

Height of Normal 158.5 ± 5.4 162.2 ± 5.9 163.4 ± 6.6
group (cm, X ± SD) (n = 690) (n = 806) (n = 291)

Height of GDM 155.2 ± 0.71 159.5 ± 6.2 160.3 ± 5.9
group (cm, X ± SD) (n = 57) (n = 274) (n = 213)

p value < 0.001 < 0.001 < 0.001

Table 3. Association of height and glucose intolerance adjusting for age, weight and socio-economic status: results from multiple
linear regression model

Variables Partial Regression coefficients statistical
significancea p

95% confidence intervals for B

B Std Error Lower Bound Upper Bound

(constant) 151.97 0.83 150.34 153.59
OAV �0.87 0.37 < 0.02 �1.59 �0.15
GDM �2.52 0.27 < 10�4 �3.06 �1.98
Age �0.12 0.02 < 10�4 �0.16 �0.08
Weight �0.15 0.01 < 10�4 0.13 0.17
Education 1.96 0.23 < 10�4 1.51 2.42
a two-tail
The ªBº value denotes the average change in the dependent variable when the corresponding independent variable increases by
one unit and all the other independent variables remain constant



that of the normal group, as has already been report-
ed [9].

Height is mainly determined by genetic and hor-
monal factors; however, socio-economic factors may
also influence adult height. Up to the late 50s socio-
economic conditions in Greece were influenced by
the aftermath of the war and civil war, while after
1960 the standard of living greatly improved [10].
Thus, we were able to analyse for a possible cohort
effect. Both whether birth was before or after 1960
as well as the educational status were found to influ-
ence the final height, however the difference between
GDM and the normal group remained.

A few studies have examined the association be-
tween height and established glucose intolerance [1,
2, 11±15]. These data taken together with our results
suggest that, at least in females in various ethnic
groups, there is a negative association between height
and glucose tolerance. Interestingly, this association
is already obvious in a prediabetic state such as gesta-
tional diabetes mellitus. We cannot draw any conclu-
sions as to the pathophysiological mechanisms re-
sponsible for this difference in height. However, it is
interesting that according to our results insulin resis-

tance is an independent predictor of height in these
women, a finding not reported previously. As it is
known that insulin is important for normal growth,
both directly and indirectly through its effect on the
GH/IGF1 axis [16], it can be speculated that impair-
ment in insulin secretion or action or both before the
completion of puberty could have a detrimental influ-
ence on adult height. Another possible mechanism
could be reduced fetal growth which has been report-
ed to be associated with insulin resistance as well as
with GDM and the future development of Type II di-
abetes [17±19]. Unfortunately this information was
not available in our study. Finally, it is possible that
the gene(s) which define height are associated with
certain of the ± so far elusive ± genes which confer
susceptibility to glucose intolerance.

It seems that height has so far been overlooked as
an independent variable in epidemiological studies
dealing with various forms of glucose intolerance.
This was either because interest was focused on obe-
sity, where BMI was normally used, or because height
was taken only as an index of socio-economic status.
Further studies are needed to investigate the mecha-
nisms through which decreased final stature is associ-
ated with glucose intolerance or insulin resistance or
both.

We conclude that short stature is associated with
various degrees of abnormal glucose tolerance in
pregnant women. We found a significant gradual de-
crease in mean height as glucose intolerance and insu-
lin resistance became more severe. This relationship
was independent of obesity, age and socio-economic
factors. Furthermore, we showed an independent rela-
tionship between height and basal insulin resistance, a
previously unrecognised finding, which needs to be
elucidated. Finally, it could be argued that Type II
and GDM share another phenotypic feature, de-
creased stature, which provides further evidence that
they are both part of the same broader disorder.
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