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Summary Many ethnic groups at high risk of non-in- 
sulin-dependent diabetes mellitus are hyperinsulin- 
aemic by early adult life. This study assessed whether 
such hyperinsulinaemia is present at birth. Cross sec- 
tional comparisons of maternal biochemistry, umbili- 
cal cord biochemistry and neonatal anthropometry 
were made between one 'low risk' and three 'high 
risk' ethnic groups, without diabetes in pregnancy in 
Auckland, New Zealand. The study comprised 
123 European, Polynesian (Maori and Pacific Is- 
lands) and Indian normal pregnancies. Indian mo- 
thers were the smallest, with the highest insulin and 
non-esterified fatty acid concentrations. Polynesian 
mothers were the most obese with a higher fructos- 
amine concentration. From these pregnancies, In- 
dian neonates were smaller, slimmer, with the high- 
est cord triglyceride (0.6mmol/I vs 0.4mmol/1, 

p <0.01), and lowest cord insulin concentrations 
(7.1 mU/1 vs 8.6 mUff (European), 9.2 mU/1 (Polyne- 
sian), p < 0.05). Polynesian babies had a high cord in- 
sulin: C-peptide ratio (52.5 mU/nmol vs 44.4 mU/ 
nmol (European), 44.1 mU/nmol (Indian), p = 0.05). 
Although reduced intrauterine growth may contri- 
bute to the excess of diabetes and heart disease in In- 
dians, it cannot explain the excess of diabete s in Poly- 
nesians. Exposure to minor relative maternal hyper- 
glycaemia in the mother and abnormal neonatal insu- 
lin handling (as demonstrated by the higher insulin: 
C-peptide ratio) may be of long-term significance in 
Polynesians. [Diabetologia (1994) 37: 930-936] 

Key words Insulin, C-peptide, fructosamine, trigly- 
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The pathogenesis of NIDDM remains obscure. Two 
risk factors which have been identified for future 
NIDDM diabetes are previous gestational diabetes 
[1] and belonging to certain ethnic groups [2]. In pro- 
spective studies, NIDDM is preceded by a moderate 
elevation in plasma glucose in spite of a high plasma 
insulin [3, 4]. Non-diabetic relatives of NIDDM pa- 
tients [5] and ethnic groups at high risk of NIDDM 
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[6, 7] have high mean plasma glucose and insulin con- 
centrations. Both the relative hyperinsulinaemia and 
hyperglycaemia are present at a young age [6, 8], sug- 
gesting that the mechanisms leading to NIDDM com- 
mence early in life. Recent work in England has 
shown a relationship between tow birth weight and 
risk of diabetes both alone [9], and in the presence 
of hypertension and hyperlipidaemia (syndrome X) 
[10]. Intrauterine starvation has been postulated to 
explain these effects [11]. However, others have sug- 
gested that exposure to hyperglycaemia in utero also 
predisposes to future NIDDM [12]. 

Auckland, New Zealand (population approxi- 
mately 950,000) is the largest Polynesian city in the 
world, with over 200,000 Maori and Pacific Island re- 
sidents. A small Indian community also exists popula- 
tion approximately 10,000) who migrated predomi- 
nantly via Fiji. Recent work has confirmed a high pre- 
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va lence  of  N I D D M  in local  Maor i ,  Pacif ic  I s land  and  
Ind ian  c o m m u n i t i e s  [13], and  d iabe tes  is pe rce ived  as 
a m a j o r  publ ic  hea l th  issue. This  s tudy has  assessed 
w h e t h e r  a b n o r m a l  a n t h r o p o m e t r y ,  insulin and  fuel  
m e t a b o l i s m  can be  de t ec t ed  at  b i r th  a m o n g  bab ies  
f r o m  m o t h e r s  at h igh risk of  fu ture  N I D D M  be cause  
of  e thnic  origin. 

Subjects and methods 

Consecutive Euorpean, Maori, Indian and Pacific Island wom- 
en with singleton pregnancies were recruited between Feb- 
ruary and October 1991 from the antenatal clinics of the Mid- 
dlemore and National Women's Hospitals at approximately 
28-30 weeks' gestation. Gestational age was assessed clinical- 
ly, with ultrasonography where possible. Women were ap- 
proached either directly at the clinic or by telephone, and 
were excluded if they smoked more than 10 cigarettes per 
day, had any medical or endocrine condition, had booked late 
at the clinic or who were poor clinic attenders. As non-diabe- 
tic Europeans were considered the low risk "control" group, 
European women who had a parent with a known family his- 
tory of diabetes were also excluded. Maori couples were only 
included if three or four of their parents were considered 
Maori, while in other ethnic groups all four parents were the 
same. Women received a 100-g oral glucose tolerance test and 
those with gestational diabetes according to modified O'Sulli- 
van criteria [14] were excluded. 

Following recruitment into the study, women were later ex- 
cluded antenatally if they developed an obstetric complication 
such as intrauterine growth retardation (diagnosed clinically 
and by ultrasound) or hypertensionJpre-eclampsia. At deliv- 
ery, women who had difficult deliveries (significant meconium 
and/or fetal distress on cardiotocography) or who delivered 
prematurely (< 37 weeks by clinical criteria or by ultrasound) 
were excluded. Women received intravenous therapy at deliv- 
ery when clinically indicated (e. g. dehydration, epidural, syn- 
tocinon infusion). The protocol for the study was approved by 
the Auckland Area Health Board Ethics Committee and in- 
formed consent was obtained from each subject. 

Maternal clinical and metabolic investigations. On recruitment, 
a questionnaire was completed including demographic details, 
known maternal and paternal family history of diabetes, past 
obstetric and smoking history. Height on recruitment, and 
booking in weight (under 20 weeks) were recorded. Women 
were invited to undergo a 3-h, 100-g OGTT between 28 and 
32 weeks' gestation while a fasting venous sample was taken 
at 36-38 weeks for glucose, fructosamine, insulin, C-peptide, 
3/3-hydroxy-butyrate, NEFA and triglyceride concentrations. 
The maternal pre-delivery weight was recorded as the last clin- 
ic weight before delivery. The mother had a capillary sample 
taken for glucose concentration within 5 min of delivery of 
the baby. 
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tional age was assessed using Dubowitz criteria [15] with ba- 
bies considered to be of less than 37 weeks gestation excluded 
from the study. 

Neonatal anthropometry. Birth weight was taken using Toledo 
scales in the delivery unit. The baby was visited within 24 h 
for anthropometric measures by the author. All measures 
were taken as the mean of three recordings. Skinfold measure- 
ments were taken on the left side. Head circumference (CV: 
0.9 %) was taken at the largest circumference with a tape mea- 
sure and crown rump length using a baby board (CV: 1.2 %). 
Waist (CV: 1.6 %) was measured as the smallest circumfer- 
ence below the costal margin and hip (CV: 1.1%) at the level 
of the most lateral point on the greater trochanter. Skinfold 
thicknesses were measured using paediatric skinfold callipers 
(Holtain Ltd, Dyfed, Pembs, UK) calibrated to 0.2 mm. Bi- 
ceps (CV: 8.8 %), triceps (CV: 7.6 %), subscapular (CV: 5.8 %) 
and suprailiac (CV: 6.7 %) measurements were taken. 

Assays. Glucose, fructosamine, 3/3 hydroxy-butyrate and trigly- 
ceride concentrations were measured in batches on a Hitachi 
717 autoanalyser (Hitachi, Japan) (interassay precision 1.9 %, 
2.7 %, 11.8 % and 2.0 %, respectively). Blood for capillary glu- 
cose estimation was collected into a heparinised capillary tube 
and analysed on a Beckman glucose oxidase 2 analyser (Beck- 
man, Palo Alto, Calif., USA). The insulin was assayed by an 
enzyme-immunological test for human insulin using a kit 
(Boehringer Mannheim, Mannheim, Germany). Cross reactiv- 
ity with proinsulin is 40 % and the interassay precision is 4.8 %. 
Blood for C-peptide was collected into trasylol and measured 
by a radio immunoassay kit (Novo-Nordisk, Bagsvaerd, Den- 
mark) with an interassay precision of 5.0 %. Plasma NEFA 
concentration was assayed using an enzymatic colorimetric 
system [16], with an interassay precision of 3.6 %. 

Statistical analysis 

All tests are two tailed, with a 5 % significance level taken as 
significant, and were performed using SPSS-PC (SPSS inc, Chi- 
cago, Ill., USA). Mean + SD is shown for normally distributed 
continuous variables and median (range) for non-normal con- 
tinuous variables. Non-normally distributed continuous vari- 
ables were logarithmically transformed for analysis and geo- 
metric means are shown. Maternal physical and OGTT charac- 
teristics, and neonatal characteristics were compared by anal- 
ysis of variance (continuous variables) or chi-square test (dis- 
crete variables) to compare. Adjustment of maternal biochem- 
ical data for continuous variables was made by analysis of co- 
variance (e. g. for maternal body mass index), and adjustment 
for discrete variables was made by either direct standardisa- 
tion or multiple analysis of variance (MANOVA). Univariate 
correlations were performed using Spearman's correlations 
(rs) and multivariate analyses by stepwise regression with sig- 
nificance taken at p < 0.05. 

Cord blood sampling. Immediately following delivery of the 
baby at term, the umbilical cord was clamped 2 cm from the 
neonate and as near to the introitus as possible. The cord was 
cut, and umbilical venous blood was taken from the clamped 
cord using syringe and needle under supervision (of the au- 
thor). Samples were collected for glucose, fructosamine, insu- 
lin, C-peptide, 3fi-hydroxy-butyrate, NEFA and triglyceride 
concentrations. Serum and plasma were separated within 
15 min of collection and stored at -20 ~ until assayed. Gesta- 

Results 

In  total,  191 m o t h e r s  we re  invi ted into the  s tudy and  
6 5 %  c o m p l e t e d  the  s tudy (Table  1). O f  the  
68 w o m e n  leaving the  study, 53 % (n = 36) changed  
the i r  minds  a f te r  r e c ru i tmen t  (and  consu l ta t ion  with  
spouse  or  re la t ive)  or  m o v e d  f r o m  the area ,  15 were  
exc luded  pr ior  to de l ivery  for  obs te t r ic  r easons  (5 
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Table 1. Physical characteristics of maternal subjects 
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European Maori  Indian Pacific Islanders P-value 

Completed/Accepted (%) 32/54 (59 %) 31/42 (74 %) 28/46 (61%) 32/49 (65 %) - 
Age (years) 27 + 5 24 + 5 27 _+ 4 27 _+ 4 < 0.01 
Weight (kg) 66.9 + 12.7 73.3 _+ 17.3 58.2 _+ 12.8 79.5 _+ 15.5 < 0.001 
Height (cm) 163 + 6 163 + 7 159 _+ 6 162 + 4 < 0.06 
BMI (kg/m 2) 25.2 + 4.8 27.7 _+ 6.4 22.9 _+ 4.5 30.3 + 5.5 < 0.001 
% (n) Smokers 9 % (3) 32 % (10) 0 % 16 % (5) < 0.001 
Weight gain (kg) 9.5 + 5.1 10.4 + 6.1 10.3 _+ 4.6 11.1 + 8.7 NS 

Glucose (retool~l) at OGTT: 
Fasting 4.4 + 0.4 4.4 + 0.3 4.7 _+ 0.6 4.5 + 0.3 < 0.05 
i h 6.7 + 1.4 6.9 _+ 1.3 7.2 _+ 1.5 7.5 + 1.2 NS 
2 h 5.6 + 0.9 5.8 _+ 0.9 6.2 _+ 1.1 5.6 + 0.9 = 0.05 
3 h 4.7 + 0.7 4.9 + 0.8 5.3 _+ 1.2 4.8 + 0.7 < 0.05 
Area  under curve 33.7 + 4.6 34.5 + 4.1 36.7 _+ 6.0 35.5 + 3.8 = 0.07 

Significance across all ethnic groups by analysis of variance 

Table 2. Biochemical characteristics of maternal subjects at 36 weeks gestation and in umbilical cord blood 

Maternal  Umbilical cord 

European Polynesian Indian sig a European Polynesian Indian sigb 

Fructosamine 214 + 14 223 _+ 15 215 + 12 0.01 204 + 22 212 + 26 210 + 26 NS 
(~mol/l) 

Glucose 5.3 + 0.5 5.1 _+ 0.5 5.0 + 0.7 NS 5.5 + 1.1 5.4 + 1.1 5.8 _+ 1.1 NS 
(mmol/1) 

Insulin 9.6 11.2 13.5 0.01 8.6 9.2 7.1 0.05 
(mU/1) 

C-peptide 0.40 0.38 0.36 NS 0.27 0.24 0.23 NS 
(nmol/1) 

Insulin/C-peptide 44.8 54.7 56.6 0.02 44.4 52.5 44.1 0.05 
(mU/nmol) 

Insulin/glucose 3.4 4.2 4.0 0.07 2.2 2.4 1.8 0.06 
(mU/mmol) 

3/3-hydroxy butyrate 0.052 0.061 0.062 NS 0.25 0.21 0.17 NS 
(mmol/1) 

NEFA 0.36 0.34 0.52 0.002 0.19 0.17 0.19 NS 
(mmol/1) 

Triglyceride 2.4 2.5 2.4 NS 0.4 0.4 0.6 0.01 
(retool/l) 

Capillary glucose 6.4 + 1.0 6.4 _+ 1.0 6.3 + 1.1 NS 
at delivery (retool/l) 

a Significance adjusted for maternal BMI by analysis of covariance 
b Significance across normal subjects by analysis of variance 
Geometric  means are shown for insulin, C-peptide, insulin ratios, NEFA and 3-/3 hydroxy butyrate 

with pre-eclampsia/hypertension) and 17 at delivery 
with fetal distress, delivery before arrival at hospital 
or who were missed. There were no ethnic group dif- 
ferences in reasons for leaving the study, and those 
not continuing were similar regarding age, height, 
body mass index, weight gain in pregnancy and birth 
weight, as those remaining in the study. However, 
those leaving the study delivered i week earlier on 
average (p = 0.005). 

Among mothers, there were no significant ethnic 
group differences in parity (1(0-5)), gestational age 
at OGTT (34 + 3 weeks) and at delivery 
(40 + 1 weeks), duration of labour (7(0-27 h)), or 

mode of delivery (17 % Cesarean or forceps). Ta- 
ble i demonstrates that Maori women were younger 
than the other three ethnic groups, Indians were 
shorter, and that Indians had a lower, and Maori and 
Pacific Island women a higher body mass index than 
Europeans. Maori women were most likely to contin- 
ue to smoke, in spite of the exclusion of those smok- 
ing more than 10 cigarettes per day. Indians had a 
consistently high glucose concentration during the 
OGTT. As there were no significant differences be- 
tween Maori and Pacific Island patients (Polyne- 
sians) besides age and smoking, these two groups 
have been merged for analysis. 



Birth weight (kg) 3.46 • 0.59 
Subscapular (mm) 5.3 • 1.2 
Waist (cm) 27.4 • 1.9 
Hips (cm) 29.6 + 2.5 
Head circumference (cm) 35.1 • 1.5 
Crown-rump (cm) 33.3 • 1.6 
Calliper sum (mm) 18.5 • 3.6 
Subscapular: triceps ratio 1.4 + 0.3 
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3 6 0 0 -  

a Significance across normal subjects by analysis of variance 
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Fig. 1. Relationship between birth weight and maternal height 
by ethnic group. Europeans (o); Polynesians ([]); Indians ( �9 ). 
** p < 0.01 difference between ethnic groups. Height is divided 
by tertile. Error bars show + SEM 
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Table 3. Anthropometry of babies 

European 

< 2 ; . 2  23.2'-27.7 27'.8+ 

Maternal body mass index (ko.m -2) 
Fig.2. Relationship between birth weight and maternal body 
mass index by ethnic group, after adjusting for maternal fast- 
ing glucose at 36 weeks gestation. Europeans (�9 Polynesians 
( [3 ); Indians ( �9 ). * indicates p < 0.05 difference between eth- 
nic groups. Body mass index is divided by tertile. Error bars 
show + SEM 
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Fig. 3. Relationship between birth weight and maternal fasting 
glucose at 36 weeks gestation by ethnic group after adjusting 
for maternal body mass index. Europeans (O); Polynesians 
([]); Indians ( � 9  * indicates p < 0.05 and ** indicates 
p < 0.001 difference between ethnic groups. Fasting glucose is 
divided by tertile. Error bars show + SEM 

Table 2 shows the ma te rna l  metabol ic  prof i le  at 
36-38 weeks. Polynes ian  mothe r s  had  high fructos-  
amine,  and Indians high N E F A  concentrat ions .  Insu- 
lin: glucose ratio, insulin: C-pept ide  rat io  and insulin 
concent ra t ions  were  h igher  in Polynesians and In- 
dians even  af ter  adjusting for  b o d y  mass index. The  
fasting glucose at this t ime was similar in the th ree  
groups. Table 2 also shows the umbilical  cord  bio- 
chemis t ry  and d em o n s t r a t ed  a low cord  insulin con- 
cent ra t ion ,  a high t r iglyceride concen t ra t ion  and a 
low insulin: C-pept ide  rat io  in Ind ian  babies. Polyne-  
sian babies  had a high insulin: glucose ratio. The re  
were  no  ethnic  group dif ferences  in cord  glucose con- 
cen t ra t ion  or ma te rna l  capil lary glucose concent ra-  
t ion at delivery. 

The  ma te rna l  capil lary glucose concen t ra t ion  at 
del ivery did not  cor re la te  with dura t ion  of  l abour  or  
par i ty  (a l though labour  and par i ty  were  cor re la ted  
( r s = - 0 . 3 1 ,  p < 0.001)). The  glucose concen t ra t ion  
was higher  among  w o m e n  who had  no rma l  
(6.3 + 0.9 mmol/1) and assisted (with Syntoc inon)  



934 

(6.2+1.1mmol/1) deliveries than with forceps 
(5.8 + 1.0 mmol/1) and Cesarean section deliveries 
(5.6 + 1.1 mmol/1, p < 0.02), possibly because of the 
use of epidural anaesthesia. 

Table 3 demonstrates the similar weight, skinfold 
thickness and other anthropometric measurements 
in European and Polynesian babies. There were no 
ethnic differences in triceps skinfold thickness 
( 4 . 0 + l . 0 m m H g  overall) or waist: hip ratio 
(0.92 + 0.04 overall). The suprailiac thickness was 
lower in Indians (p < 0.05). Indian babies were light- 
er, with smaller calliper measurements and with smal- 
ler bony structures (head circumference and crown- 
rump length). The relationships between birth 
weight and height, birth weight and body mass index 
(after adjusting for maternal glucose) and birth 
weight and maternal glucose (after adjusting for ma- 
ternal body mass index) are shown for each ethnic 
grouping in Figures 1-3. Maternal height did not ex- 
plain the lower birth weight of the Indian babies 
when compared with the other ethnic groups. Al- 
though birth weight was similar in the three group- 
ings in the highest tertile (BMI _> 27.8kg.  m-2), 
(which included only four Indian subjects), Indian ba- 
bies were otherwise smaller when matched for body 
mass index. While the Indian birth weight was 
unrelated to the maternal glucose at 36 weeks, Euro- 
pean and Polynesian babies had a significantly high- 
er birth weight with a glucose more than 4.9 mmol/1. 
This was associated with both larger skinfold mea- 
sures (e. g. subscapular p < 0.05) and bony measures 
(e. g. head circumference p < 0.001). 

Discussion 

The principal hypothesis being tested in this study 
was that babies from mothers at high risk of diabetes 
would be hyperinsulinaemic. The lower insulin con- 
centration in Indian babies was unexpected. In view 
of the well-described hyperinsulinaemia in adult In- 
dian s [6, 8], this finding indicates that insulin concen- 
trations increase after birth. Explanation for this low 
umbilical cord insulin concentration needs to be in- 
corporated into any hypothesis on the aetiology of 
NIDDM in Indians, and is consistent with insulin de- 
ficiency rather than insulin resistance [17] being pre- 
sent as an initiating feature (at least in Indians). It 
was not possible in this study to differentiate be- 
tween an inherited and an intrauterine cause for this 
low insulin concentration. 

It is possible that those Indian women who had a 
higher insulin or glucose concentration when non- 
pregnant had developed gestational diabetes and 
had been excluded from the normal Indian group. 
However, the higher insulin: glucose ratio, insulin 
and NEFA concentrations in the Indian mothers sug- 
gests that a least some insulin resistant women re- 
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mained. Another  possible explanation for the lower 
insulin in Indian babies could be their smaller size, a 
well-reported attribute of Indian babies [18]. Al- 
though the ethnic differences in insulin disappeared 
on adjusting for birth weight, this cross sectional de- 
sign cannot be used to assess whether the low insulin 
or the low birth weight came first. However, as insu- 
lin stimulates growth [19] it is possible that the ba- 
bies were small because of their lower insulin concen- 
tration. 

The striking difference in anthropometric and me- 
tabolic characteristics between Polynesian and In- 
dian babies, despite having a similar risk of future 
NIDDM, suggests different aetiologies for NIDDM 
in the two groups. A recent hypothesis [12], relates a 
low birth weight with a high risk of both ischaemic 
heart disease and NIDDM. The small size of the In- 
dian babies, from a population with both a high pre- 
valence of NIDDM [6], and a high incidence of 
ischaemic heart disease [20] fits perfectly with this hy- 
pothesis. In contrast, Polynesian babies were of a si- 
milar size to European babies, suggesting that the 
small baby hypothesis does not apply to these ethnic 
groups. Interestingly, although all Polynesians have a 
high risk of NIDDM [13], Pacific Island people have 
a low risk of ischaemic heart  disease [21]. Risk for 
ischaemic heart disease in Maori people is difficult 
to interpret because of the very high proportion who 
smoke (up to 70 %) [22]. 

Pima Indians, another ethnic group with a high 
prevalence of NIDDM [2], appear similar to Pacific 
Island people in having a low incidence of ischaemic 
heart disease [23]. They also have babies of similar 
or larger size than Europeans [24]. A recent hypo- 
thesis, derived from a 25-year follow up of Pima ba- 
bies, suggests that a predisposition to NIDDM in this 
group could arise from in utero exposure to maternal 
hyperglycaemia [12]. This is further supported by ani- 
mal experiments, where diabetes in pregnancy was in- 
duced by streptozotocin [25] or glucose infusion [26] 
in the F 0 rat generation, and is followed by the devel- 
opment  of diabetes in the F 1 and F 2 generations. 
However, the mechanism by which this predisposi- 
tion occurs is unknown. Polynesian mothers had a 
higher fructosamine (with normal OGTTs), and 
their neonates had a higher insulin: C-peptide ratio. 
The latter suggests, abnormal insulin processing. It is 
conceivable that this relative hyperglycaemia in non- 
diabetic Polynesian mothers could be associated 
with increased fetal exposure to in utero hyperglycae- 
mia, and long-term increases in risk of diabetes in 
subsequent generations. 

The higher triglyceride concentration in the Indian 
cord blood is another new finding and could contri- 
bute to the increased susceptibility of Indians to 
ischaemic heart disease. Adult Indians also have 
high trigtyceride concentrations [27]. The source of 
the higher triglycerides has not been explained but is 
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likely to be either from the placenta or the fetal liver. 
The excess maternal supply of N E F A  may have in- 
creased triglyceride synthesis, but other fuels would 
be expected to be more important (e. g. lactate or ala- 
nine). Interestingly, high cord triglyceride but  not 
N E F A  concentrations are present at cordocentesis in 
growth-retarded babies [28], who are also hypox- 
aemic and hypoinsulinaemic. Thus, the high cord tri- 
glyceride concentration and small neonatal size 
could reflect the same processes in Indians as in 
growth-retarded babies. 

Indians are prone to a central fat distribution [27]. 
Although this susceptibility may be present at birth, 
this study has shown that central fat deposition itself 
is not. Indeed, Indian babies appeared to have a glo- 
bal reduction in fat thickness. No differences in regio- 
nal fat distribution were found in Polynesian babies. 
The smaller size of Indian babies was not explained 
by differences in maternal height, body mass index, 
glucose or NEFA. Similarly, the weight increase in 
pregnancy was similar for all ethnic groups and 
hence total calorie intake was unlikely to be impor- 
tant, particularly as maternal malnutrition needs to 
be  extreme before birth weight is affected. 

A previous study from the National Women's  Hos- 
pital database (with poor  identification of those with 
gestational diabetes) highlighted the smaller mean 
birth weight of Maori  (3.26kg) and European 
(3.32 kg) babies when compared with Pacific Island 
babies (3.59 kg) [22]. The current study excluded 
many of those likely to deliver smaller babies (smok- 
ers, hypertensive patients, those with concurrent 
systemic illness) and hence the current study possi- 
bly describes the baseline mean birth weight in these 
ethnic groups. The greater difference in mean birth 
weight in Maori  and European babies between the 
two studies probably reflects the higher proportion 
who continue to smoke in pregnancy in these two eth- 
nic groups. The absolute identification and exclusion 
of mothers with diabetes in pregnancy in the current 
study, would result in the exclusion of some larger ba- 
bies from the normal subject groups. The mean body 
mass index and age of each ethnic group in the Na- 
tional Women's  Hospital  study [22], was similar to 
those in the current study, highlighting the represen- 
tativeness of the pregnancies described here. 

In conclusion, these results indicate two possible 
processes predisposing to N I D D M ,  in addition to ge- 
netic factors. One mechanism, in Indians, is consis- 
tent with the intra-uterine malnutrition hypothesis of 
Hales and Barker [11]. The other, in the offspring of 
Polynesians, is consistent with observations [12] relat- 
ing to intra-uterine exposure to maternal hypergly- 
caemia in Pima Indians. Maternal obesity and subse- 
quent abnormal glucose homeostasis in pregnancy 
may independently predispose Pacific Island and 
Maori  populations to NIDDM.  If this is the case, 
weight and glucose control before and during preg- 
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nancy may be vital to control current epidemics of 
N I D D M  in these populations. 
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