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Summary Nuclear families of non-insulin-dependent 
diabetic (NIDDM) patients are uncommon, as usual- 
ly one or both parents have died. In order to aid iden- 
tification of complete nuclear families, we have ascer- 
tained the disease process at a younger age by study- 
ing subjects with previous gestational diabetes. One 
hundred women who had had gestational diabetes, 
age (+ SD) 38 (6) years, were screened by fasting plas- 
ma glucose (fpg). Sixty-one were found to have either 
fasting hyperglycaemia (5.5 _< fpg < 7.8 mmol/1) or 
diabetes. Of these women 35 had both parents alive 
and the parents of 14 of these women agreed to the 
assessment of their metabolism by a continuous infu- 
sion of glucose with model assessment (CIGMA). 
Seven probands had impaired glucose tolerance 
(IGT) and seven were diabetic. They were age 35 (4) 
years and had body mass index (BMI) 26 (5) kg/m 2. 
The parents were aged 62 (6) years and had BMI 29 
(6) kg/m 2 and their affection status was defined as 
presence of glucose intolerance (fpg or post-infusion 
achieved plasma glucose level > 2 SD of an age and 

obesity matched population). In the 14 families, five 
probands (36%) had neither parent affected, six 
(43 %) had one parent affected and three (21%) had 
both parents affected. Only three probands had a par- 
ent with diabetes as defined by World Health Organi- 
sation criteria. We concludes that the study of women 
who have had gestational diabetes allows detection of 
probands with diabetes or impaired glucose toler- 
ance, who have both parents available for study. A 
substantial proportion had neither parent affected 
with impaired glucose tolerance or diabetes, similar 
to the nuclear families of NIDDM patients. The re- 
sults are in accord with studies of nuclear families of 
NIDDM patients in suggesting polygenic inheritance 
or environmental influences rather than autosomal 
dominant inheritance with high penetrance. [Dia- 
betologia (1995) 38: 693-698] 
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Women who have gestational diabetes have an in- 
creased risk of developing non-insulin-dependent 
diabetes mellitus (NIDDM) later in life. Within 
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25 years, more than 50 % of the women develop dia- 
betes [1]. Approximately 30 % of women who pre- 
sent with NIDDM in middle age have previously 
been suspected to have diabetes in pregnancy be- 
cause of hyperglycaemia or glycosuria [2]. Women 
who have had gestational diabetes present an oppor- 
tunity to study diabetes at an early stage in its evolu- 
tion [3]. They are often overweight, and have both 
impaired beta-cell function and increased insulin re- 
sistance [4, 5]. These are similar defects to those 
found in the first degree relatives of NIDDM pa- 
tients [5-7]. 

Studies of inheritance of NIDDM have been re- 
stricted because of the difficulty in identifying two 
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Table 1. The clinical characteristics of the probands who had had gestational diabetes and on testing had either fasting hypergly- 
caemia or diabetes (fasting plasma glucose >_ 7.8 mmol/l) 

Subject Gestational diabetic status Current Status 

no. Age at diagnosis Treatment Age BMI Treatment Glycaemic Beta-cell Affected 
(years) (years) (kg/m 2) for diabetes status function %B parents 

1 28  I 32 24 - FH 69 0 
2 23 I 31 23 I Diabetes 8 0 
3 24 D 35 25 I Diabetes - 0 
4 30 I 39 25 I Diabetes 71 0 
5 20 I 33 20 D Diabetes 104 0 
6 26 I 42 26 - FH 80 1 
7 23 I 29 26 D Diabetes 53 1 
8 30 I 41 25 - FH 52 1 
9 18 I 33 29 I Diabetes 47 1 

10 32 D 33 42 - FH 114 1 
11 25 D 27 23 - FH 50 1 
12 23 I 33 22 I Diabetes 21 2 
13 33 D 37 24 - FH 90 2 
14 30 I 37 28 - FH 77 2 

Beta-cell function was assessed by HOMA from fpg and C-peptide concentrations. The last column shows the number of parents of 
each proband who, in the study, were found to have either fasting hyperglycaemia or diabetes. I, Insulin; D, diet 

genera t ion ,  nuc lea r  famil ies  in which  b o t h  pa ren t s  o f  
a d iabet ic  pa t i en t  are  alive and  avai lab le  for  s tudy 
[8]. C o o k  et al. [9] recen t ly  ident i f ied 20 N I D D M  pa-  
t ients  with nuc lea r  famil ies  to ascer ta in  the  distr ibu- 
t ion of N I D D M  in the parents ,  and  the  a p p a r e n t  pat-  
t e rn  of  inher i t ance  [9]. A p a r e n t  was d iabet ic  in only  
seven  pedigrees ,  and  in an addi t ional  six ped ig rees  a 
p a r e n t  had  glucose in to lerance .  One - th i rd  of  the  dia- 
bet ic  pa t ien ts  had  ne i the r  pa r en t  affected,  raising the  
possibil i t ies tha t  e i ther  a subs tant ia l  p r o p o r t i o n  of 
d iabe tes  is e n v i r o n m e n t a l  in origin or  tha t  the dis- 
ease  is polygenic ,  with d iabet ic  de t e rminan t s  be ing 
inher i ted  f r o m  bo th  pa ren t s  who  m a y  themse lves  not  
necessar i ly  be  diabetic.  Since the  d iabet ic  pa t ien ts  
we re  a m e a n  age at diagnosis  of  40 years  and  their  
pa ren t s  were  in the i r  7 th to 10 th decades,  an inev i tab le  
po ten t ia l  bias was p resen t  since the n e e d  to have  b o t h  
pa ren t s  alive would  have  exc luded  p r o b a n d s  whose  
pa ren t s  were  d iabet ic  and  had  died p r e m a t u r e l y  
f r o m  d i sease - re la ted  increased  mortal i ty.  

We have  s tudied  the  pa ren t s  of  w o m e n  who  had  
had  ges ta t iona l  diabetes ,  and  who, on  retest ing,  had  
e i ther  mi ld  d iabe tes  or  i m p a i r e d  glucose to l e rance  
and  were  t h e r e f o r e  l ikely to deve l op  diabetes .  By  
ident i fying these  pa t ien ts  at an  ear ly  s tage in the  evo-  
lu t ion of diabetes ,  thei r  pa ren t s  m a y  be  y o u n g e r  and  
it is m o r e  l ikely tha t  b o t h  will be  alive and  avai lable  
for  studies to d e t e r m i n e  the  p a t t e r n  of  inher i t ance  of  
diabetes .  In  addi t ion,  those  famil ies  in which one  par-  
ent  is d iabet ic  and  the  o the r  no rmog lycaemic ,  would  
be  sui table  for  l inkage s tudies  to assess the  po ten t i a l  
role  of  cand ida te  genes  in N I D D M  with one  or m o r e  
a f fec ted  offspring.  

Subjects and methods 

The Central Oxford Research and Ethics Committee approved 
the protocol, and all subjects gave their informed consent. 

One hundred white Caucasian subjects were studied who 
had developed gestational diabetes and still lived in the Ox- 
ford area (Table 1). They were ascertained from registers of 
women who had had diabetes in pregnancy without regard to 
the family history of diabetes. They were mean age 38 (SD6) 
years old and were studied mean (SD) 11 (6) years after the 
pregnancy in which gestational diabetes had been diagnosed, 
55 in their first pregnancy, 25 in the second, 20 in the third or 
subsequent pregnancies. Gestational diabetes had been diag- 
nosed when two or more venous plasma glucose concentra 
tions were equal to or exceeded the normal upper limits either 
fasting or following a 75-g oral glucose tolerance test (GTT) at 
28-34 weeks' gestation, the upper limits of normal values at 0, 
1, 2 and 3 h were taken as < 5.8, < 12.5, < 9.5, < 7.5 mmol/1 
[10]. Forty-eight patients had been treated with insulin during 
pregnancy. 

The subjects had their obesity assessed as body mass index 
(BMI) and their fasting plasma glucose (fpg) estimated by the 
mean of three 5-rain venous blood samples. Subjects with fast- 
ing hyperglycaemia (fpg >-- 5.5 mmol/1 i.e., > 95 th percentile of 
a normal population), were selected for further study if both 
their parents were alive. Thus, each proband had both had ge- 
stational diabetes and subsequently had fasting hyperglyca- 
emia. Beta-cell function was assessed from fasting glucose 
and C-peptide concentrations using HOMA model assess- 
ment [11] in all patients, including those on insulin therapy. 
This evaluates the patient's glucose and C-peptide concentra- 
tions in a mathematical model of the body's glucose and insu- 
lin interactions, in which equimolar production of insulin and 
C-peptide is assumed. The model assesses the degree of insu- 
lin resistance and beta-cell impairment that would be expect- 
ed to produce the patient's fasting glucose and C-peptide con- 
centrations. As plasma C-peptide rather than insulin was as- 
sessed, beta-cell function could be evaluated even in those on 
insulin therapy. 

Parents of probands willing to undergo studies were studied 
with a continuous infusion of glucose (CIGMA) test [12]. This 
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Table 2. The clinical characteristics of parents of five gestational diabetic subjects with unaffected parents 
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Subject Parent's Age BMI Fasting plasma Achieved plasma HbAlc fpg Z apg Z Glycaemic 
no. gender (years) (kg/m 2) glucose glucose (%) (SD) (SD) status 

(mmol/1) (mmol/1) 

1 Male 61 30 5.0 8.8 5.7 0.5 0.5 Normal 
Female 60 22 4.8 7.4 5.4 0.05 -1.5 Normal 

2 Male 58 25 5.0 7.8 5.4 0.5 -0.8 Normal 
Female 59 24 5.0 7.9 5.6 0.5 -0.8 Normal 

3 Male 63 24 5.3 9.6 5.7 1.1 0.9 Normal 
Female 55 50 4.6 6.9 5.2 -0.3 0.01 Normal 

4 Male 65 26 5.4 8.7 6.7 1.2 0.01 Normal 
Female 64 25 4.9 8.0 5.2 0.2 -0.7 Normal 

5 Male 53 32 4.8 - 5.7 0.2 - Normal 
Female 49 24 5.0 9.5 5.7 0.8 1.1 Normal 

Mean (1 SD) 59 (5) 28 (8) 5.0 (0.2) 5.6 (0.4) 

The fpg and apg concentrations after the 1-h CIGMA test (apg) are shown as Z scores, the deviation in SD from the mean of an age 
and BMI-matched normal population 

Table 3. The clinical characteristics of the parents of a gestational diabetic subjects with one or both parents affected 

Subject Parent's Age BMI Fasting Achieved HbAlc fpg Z apg Z Glycaemic Duration Current 
no. Sex (years) (kg/m 2) plasma plasma (%) (SD) (SD) status of known treat- 

glucose glucose diabetes ment 
(mmol/1) (mmol/1) (years) 

6 Male 74 30 6.0 9.2 6.3 2.3 0.6 IGT - - 
Female 67 29 5.5 9.5 6.2 1.4 1.0 Normal - - 

7 Male 55 33 5.6 10.0 5.8 1.9 2.0 IGT - - 
Female 50 21 5.0 9.5 5.7 0.7 0.9 Normal - - 

8 Male 69 30 10.3 - 8.2 11.9 - Diabetes 12 I 
Female 68 31 5.7 9.4 5.4 1.8 1.00 Normal - - 

9 Male 62 26 5.0 8.9 5.2 0.4 0.3 Normal - - 
Female 68 27 6.1 10.3 6.3 2.7 1.7 IGT - - 

10 Male 68 32 5.1 9.0 6.2 0.5 0.6 Normal - - 
Female 59 28 5.9 10.7 5.8 2.5 2.4 IGT - - 

11 Male 49 28 7.4 - 7.4 6.1 - IGT - - 
Female 47 23 4.3 - 5.1 -0.7 - Normal - - 

12 Male 66 29 9.3 15.0 6.8 9.8 6.7 Diabetes 0 - 
Female 61 35 18.2 - 10.8 30 - Diabetes 12 I 

13 Male 66 29 6.3 10.5 5.8 3.2 2.0 IGT - - 
Female 67 29 6.0 9.7 5.7 2.5 1.2 IGT - - 

14 Male 7i 31 6.6 10.3 5.7 3.7 1.8 IGT - - 
Female 67 27 5.7 - 7.9 1.8 - Diabetes 5 I 

Mean (1 SD) 63 (8) 29 (3) 6.9 (3.2) 6.5 (1.4) 

Fasting plasma glucose (fpg) and achieved plasma glucose (apg) are shown as Z 
age- and BMI-matched normal population 

scores, the deviation in SD from the mean of an 

consisted of a continuous intravenous infusion of 5 mg glu- 
cose. kg ideal body weight -~. min -1 for 60 min. The ideal 
body weight was taken from the Metropolitan Life Insurance 
tables for a medium frame [13]. Samples were taken from an 
intravenous cannula inserted at the wrist or back of the hand, 
which had been heated to arterialise the blood sample. Three 
fasting samples were taken at 5-min intervals and their mean 
glucose concentration was termed the fasting plasma glucose 
(fpg). The mean plasma glucose result in samples taken at 50-, 
55-, and 60-min samples was termed the achieved plasma glu- 
cose (apg). A formal study of the reproducibility of the CI- 
GMA test in 30 subjects (13 non-diabetic subjects, 11 diet-trea- 
ted NIDDM patients, and 6 subjects with IGT) gave a coeffi- 

cient of variation of 5 % [14]. Impaired glucose tolerance 
(IGT) was defined as a fpg or apg level 2 SD above the mean 
normal value for the subject's age and obesity, as determined 
in comparison with a population of 104 normal subjects (age 
range 21-76 years, ideal body weight range 86-158 %). In Ta- 
bles 2 and 3, the fpg and apg are expressed as a Z score, in 
terms of SD from the mean of the age and BMI matched popu- 
lation. NIDDM was diagnosed according to the WHO crite- 
rion of fpg > 7.8 mmol/1 [15]. Affection status was defined as 
including both IGT and NIDDM. 

In seven elderly parents glucose tolerance testing was not 
performed. Three had known diabetes treated with insulin, 
and fasting plasma glucose and HbAI~ were obtained. In addi- 
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tion, four non-diabetic patients who had chronic disease de- 
clined a CIGMA and were assessed with an fpg and HbAjc, 
and were considered as affected if the fpg was greater than 
2 SD above the mean normal value for the subject's age and le- 
vel of obesity. 

Plasma glucose was measured with a hexokinase method 
using a Cobas MIRA centrifugal analyser. HbA~r was mea- 
sured with ion-exchange high-performance liquid chromato- 
graphy using the Bio-Rad DIAMAT (Richmond, Calif., 
USA). The normal range (+ 2 SD) in a population of non-dia- 
betic subjects aged 73 + 6 years was 4.8-6.8 %. 

Except where otherwise stated, the data are presented as 
means + SD. Comparisons between groups were made with 
the Mann-Whitney U test. 

Results 

One hundred unrelated patients who had had gestat- 
ional diabetes diagnosed for the first time in pregnan- 
cy were questioned. Sixty-one had either fasting 
hyperglycaemia (fpg _> 5.5 to < 7.8 mmol/1), previ- 
ously undiagnosed diabetes (fpg > 7.8 mmol/1) or 
known diabetes. In the case of 44 patients, one or 
both parents had died. A similar proportion with 
and without fasting hyperglycaemia, 26 of 61 (43 %) 
and 18 of 39 (46 %), respectively, had one or both par- 
ents dead. Only 35 had both parents alive and an fpg 
>_ 5.5 mmol/1. Of  these, 14 had both parents avail- 
able and willing to be studied. During the pregnancy 
in which gestational diabetes was diagnosed, ten of 
the probands were treated with insulin and four 
were treated with diet alone. At  the time of recruit- 
ment seven probands had known diabetes of whom 
five were on insulin treatment, six had impaired glu- 
cose tolerance on C I G M A  testing and one proband 
(BMI 42 kg.  m -2) had an fpg of 6.4 mmol/I (4.1 SD 
above normal fasting glucose for age and BMI), but 
a normal C I G M A  achieved plasma glucose. Table 1 
shows the clinical characteristics of the probands. 
Their beta-cell function was (geometric mean and 
1 SD range) 54 (27-108) %. 

Of the parents of the 14 probands, 4 had known 
diabetes of whom 3 were being treated with insulin. 
Of the 24 parents without known diabetes, 21 were 
willing to undergo the glucose infusion test. In the 
3 subjects who were not, affection status was as- 
sessed with a fasting plasma glucose. Five (36 %) pro- 
bands had neither parent affected with N I D D M  or 
IGT, 6 (43 %) had one parent affected (1 N I D D M  5 
IGT) and 3 (21%) had both parents affected (1 IGT/ 
IGT, 1 IGT/diabetes, 1 diabetes/diabetes). The pro- 
band with one or more affected parents and those 
with unaffected parents had similar age at diagnosis 
of gestational diabetes (27 + 5 and 25 + 4 years and 
BMI (28 + 6 and 23 + 2 kg/m2). 

The affected and unaffected parents were of simi- 
lar age (65 + 6, 58 + 5 years) and obesity (29 + 3, 
28 + 8 kg/m2). Tables 2 and 3 show the clinical details 
of the parents. 
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Neither parent affected 

One parent affected 

Glucose intolerant parent 

26 2"7 

Both parents affected 

Diabetic parent 

Z 
/8 

�9 NIDDM subject 
@ Glucose intolerance 

@ Untested 

O Normal 

2" Proband 

J112 J13 /14 

Fig.1. The pedigrees of the 14 families who were studied. 
[] = male, �9 = female, open symbol normoglycaemia, hat- 
ched symbol fasting hyperglycaemia, closed symbol diabetes. 
Numbers correspond to the probands in Tables 1, 2 and 3 

The family trees are shown in Figure 1. In three of 
the five pedigrees in which one parent was affected, 
the affected parent was the father. 

Discussion 

The identification of two generation nuclear families 
suitable for genetic study via probands with N I D D M  
is hampered by a low yield. In a study of the ascertain- 
ment of suitable pedigrees from 950 known diabetic 
patients in Oxfordshire, only 127 (13%) families 
were available for study [8]. The strategy investigat- 
ed in this study was based on the identification of pro- 
bands with a history of gestational diabetes who, on 
retesting, had evidence of IGT or NIDDM,  with sub- 
sequent testing of their parents. This strategy has the 
potential advantage of the identification of N I D D M  
at an early stage of development,  and increases the 
possibility of both the parents of the proband being 
alive. Most potential probands had developed gesta- 
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tional diabetes in their first or second pregnancy, and 
were studied at a mean age of 38 years, 10 years after 
the initial diagnosis of gestational diabetes. At  this 
time, 61% had either developed diabetes or had 
IGTand  were therefore at high risk of developing dia- 
betes, in accord with previously described data. How- 
ever, only a little over half the patients had both par- 
ents alive, with a final yield of potential probands of 
35 %. If the characterisation of the families of gesta- 
tional diabetic patients had occurred nearer the time 
of the original diagnosis the proportion with living 
parents might have been increased. On the other 
hand, it is likely that the number of probands with 
fasting hyperglycaemia would be reduced. Of the 35 
potential probands, 40 % of patients and parents 
w e r e  available and willing to be studied as a family, 
representing 23 % of those with fasting hyperglycae- 
mia. This is a larger yield than that from known dia- 
betic patients in the Oxfordshire study [8], and pro- 
vides a complementary strategy for the collection of 
pedigree data suitable for genetic studies. As one 
might expect that those with a diabetic parent would 
be more likely to volunteer for the study, this would 
counteract any potential bias from not being able to 
study families in which a parent had died from a dia- 
betes-related cause. In any case, such a supposition 
seems unlikely, as there was no difference in the pro- 
portion of subjects in whom one or both parents had 
died be tween those who were now normoglycaemic 
or who had fasting hyperglycaemia. 

The pattern of affection in parents of the gestatio- 
hal diabetic probands is similar to that found in the 
parents of N I D D M  patients in whom a sizeable pro- 
portion (7 of 20) were found to have neither parent 
affected with diabetes or IGT [9]. That study indicat- 
ed that the assumption of autosomal dominant inheri- 
tance with complete penetrance was not applicable 
and the current study would be consistent with this. 
The low prevalence of affection in the parents at age 
60 years is in keeping with polygenic inheritance or 
environmental factors inducing the diabetes [9]. 
Even when one parent was affected, we found in 
four of the five sets of parents that IGT rather than 
diabetes was present. These data are therefore consis- 
tent with families of N I D D M  parents, and are in 
keeping with polygenic inheritance and/or environ- 
mental influences. Three of the probands had two 
parents affected. This is a similar proportion to the 3 
of 20 N I D D M  patients who had both affected par- 
ents. This is a higher incidence than would be expect- 
ed by chance with a dominant model. Some of the pa- 
tients who present with gestational diabetes in their 
20's have similarities with those who present with ear- 
ly onset diabetes in their late 30's, and it is possible 
that both affected parents may have given a "double 
gene dose" that induced early presentation [16]. 

The gestational diabetic probands had impaired 
beta-cell function, comparable to that found in first de- 
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gree relatives of N I D D M  patients with similar fasting 
hyperglycaemia [7]. It is likely that the insulin resis- 
tance associated with pregnancy and the accompany- 
ing screening for hyperglycaemia allowed early detec- 
tion of the development  of diabetes and that their pa- 
thophysiology is the same as that in classic NIDDM.  
This is not surprising since 30 % of females who pre- 
sent with diabetes at mean age 52 years have previous- 
ly undergone pregnancy with suspected diabetes [2]. 
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