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Summary The 75-g oral glucose tolerance test was 
performed in 38 normoglycaemic  (World Heal th  Or- 
ganization criteria) non-diabetic  volunteers, aged 
31-40 years, of  whom 20 had a non-insulin-depen- 
dent diabetic ( N I D D M )  mother  and 18 had an 
N I D D M  father. A t  the t ime of the study the offspring 
of N I D D M  mothers  had a somewhat  higher body 
mass index (BMI)  (males: 26.5 _ 1.0 (mean + SEM), 
females: 27.5 _+ 1.5 kg/m 2) than the offspring of 
N I D D M  fathers (males: 23,4 + 0.9, females: 
24.2 + 1.2 kg/m2). There was no difference in the 
t ime-course of  glycaemia; however  the serum con- 
centrations of immunoreac t ive  insulin (IRI),  C-pep- 
tide and proinsulin were significantly higher in off- 
spring of N I D D M  mothers  than in offspring of 
N I D D M  fathers: area under  the curve ( A U C )  serum 
IRI: 0.928 + 0.091 vs 0.757 + 0.056 nmol - 1-1 �9 h -1, 
p =0.019; serum C-peptide: 6 .379+0.450 vs 
4.753 __ 0.242 nmol  �9 1-1 �9 h -1, p = 0.004; serum proinsu- 
lin: 172 _+ 40 vs 51 + 7 pmol  �9 1-1 �9 h -1, p = 0.008). Se- 
rum IRI  corre la ted  with BMI,  but  C-peptide and pro- 
insulin did not, and after  accounting for BMI  by cova- 
riance analysis they remained significantly higher in 
offspring of  N I D D M  mothers. In this group serum 

proinsulin was significantly higher in male than in fe- 
male offspring ( A U C  serum proinsulin: 289_+ 68 vs 
77 + 27 p m o l .  1-1. h -1, P = 0.015). Male  offspring of 
N I D D M  mothers  also had significantly higher serum 
triglyceride levels than females of the same group 
and than offspring of N I D D M  fathers. The offspring 
(male and female)  of  N I D D M  mothers  had slightly 
lower serum apol ipoprote in  A-I  levels than the off- 
spring of N I D D M  fathers. Significant correlat ions 
were found be t w e e n  serum triglycerides, H D L - c h o -  
lesterol and apol ipoprote in  B, and serum concentra-  
tions of  pancreat ic  beta-cell  peptides, mostly in the 
offspring of  N I D D M  mothers;  however ,  they did not  
display unequivocal  association with gender  within 
this group. The data  are consistent with clinical obser- 
vations of a greater  risk of N I D D M  transmission 
from the mo the r  than from the father, and may  sug- 
gest that  male  offspring are more  exposed  to this 
risk than female  offspring. [Diabetologia (1996) 39: 
831-837] 
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Diabe tes  mell i tus has long been  recognized as a fa- 
milial disease. However ,  only recent ly has evidence 
been  accumula ted  that  the gender  of  a diabetic  par- 
ent may  be  an impor tant  factor  in the transmission 
of the disease to the offspring. In the early 1980s a 
group of  investigators f rom the Joslin Diabe tes  Cen- 
ter presented  results f rom several  studies indicating 
that the risk of  insul in-dependent  diabetes  ( I D D M )  
is several t imes higher in offspring, if the father  rather  
than the mo the r  had I D D M  [1]. Also, with regard to 
non- insul in-dependent  d iabetes  ( N I D D M ) ,  results 
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Table 1. Clinical characteristics of non-diabetic offspring of one NIDDM parent 

Offspring of diabetic 

Mothers Fathers p-value 

/7 

Sex (male/female) 

Age (years) 
Weight (kg) T 

S 
D 

Height (cm) T 
S 
D 

BMI (kg/m 2) T 
S 
D 

WHR T 
S 
D 

Systolic BP T 
(mmHg) S 

D 
Diastolic BP T 
(mmHg) S 

D 
Birthweight T 
(g) S 

D 

20 18 
9/11 7/11 
36 + 0.6 (31-40) 37 + 0.5 (31-40) 0.366 

77 + 2,5 (55-96) 67 + 2.6 (52-90) 0.009 
81 + 3.5 -] NS 74 + 3.0 ] p = 0.03 0.159 
74 + 3.3 ] 63 + 3.2 ] 0.028 
170 + 1.9 (152-182) 167 _+ 2.3 (156-187) 0.358 
177 + 1.7 ] p < 0.0005 178 + 1.6 ] p < 0.005 0.641 
165 + 1.9 J 161 _+ 1.2 J 0.091 
26.9 + 0.8 (20.5-34.1) 23.9 _+ 0.8 (20.1-31.3) 0.012 
26.5 + 1 ] NS 23.4 _+ 0.9 ] NS 0.032 
27.5 + 1.5 J 24.2 _+ 1.2 J 0.108 

0.81 + 0.02 (0.70.0.97) 0.80 + 0.02 (0.69-0.94) 0.473 
0.88 + 0.01 ] p = 0.001 0.85 _+ 0.02 ] p = 0.005 0.386 
0.76 + 0.02 ] 0.77 _+ 0.02 J 0.922 
129 + 3.6 (105-150) 126 + 4.9 (100-150)_] 0.613 
134 + 6 ] NS 129 + 5 NS 0.553 
125 + 4 J 124 + 8 ] 0.874 
85 + 1.8 (70-100) 82 + 2.9 (65-105) 0.383 
87 + 3 ] NS 88 + 4 ] NS 0.843 
84 + 2 J 78 + 4 J 0.233 
3216 + 201 (900-4650) 3378 + 158 (2200-4500) 0.533 
3121 + 258 ] NS 3921 + 168 ] p = 0.003 0.022 
3283 + 302 J 3032 + 167 J 0.464 

T, Total; S, sons; D, daughters, BP, blood pressure 
Values are mean + SEM with (range) 

o f  s eve ra l  s tud ies  i nd i ca t e  t h a t  m a t e r n a l  r a t h e r  t han  
p a t e r n a l  f ac to r s  m a y  be  m o r e  i m p o r t a n t  in t r ansmis -  
s ion of  this d isease .  A h i g h e r  p r e v a l e n c e  o f  N I D D M  
was  f o u n d  in m o t h e r s  t h a n  in f a t h e r s  fo l lowing  r e t ro -  
spec t i ve  ana lys i s  o f  p a t i e n t s '  f a m i l y  h is tor ies  [2-5]. 
F u r t h e r m o r e ,  w o m e n  wi th  g e s t a t i o n a l  d i a b e t e s  have  
b e e n  r e p o r t e d  to  m o r e  f r e q u e n t l y  h a v e  an  N I D D M  
m o t h e r  t h a n  f a t h e r  [6]. S tud ies  on  ra t s  wi th  s t r e p t o z o -  
t o c i n - i n d u c e d  d i a b e t e s  d u r i n g  p r e g n a n c y  [7] a n d  rats  
wi th  s p o n t a n e o u s  N I D D M  [8] d e m o n s t r a t e d  a signif- 
i can t  e f fec t  o f  m a t e r n a l  d i a b e t e s  o n  the  d e v e l o p m e n t  
of  d i a b e t e s  in the i r  o f f spr ing .  

A l t h o u g h  N I D D M  m a n i f e s t s  i t se l f  in adu l t  life, it 
is p r e c e d e d  b y  cha r ac t e r i s t i c  d i s o r d e r s  which  g radu-  
al ly i nc rea se  in t he i r  i n t ens i t y  d e s p i t e  p r e s e r v a t i o n  of  
g lucose  t o l e r a n c e  [9]. A s u i t ab l e  m o d e l  fo r  the  s tudy  
of  the  n a t u r a l  h i s to ry  o f  N I D D M  are  the  o f f sp r ing  of  
p a r e n t s  wi th  the  s a m e  t y p e  o f  ( con juga l )  d iabetes .  
Seve ra l  s tudies  h a v e  s h o w n  tha t  this g r o u p  h a v e  m o d -  
e r a t e  d i so rde r s  typ ica l  o f  N I D D M ,  such  as insul in  re-  
s is tance ,  h y p e r i n s u l i n a e m i a ,  d y s l i p i d a e m i a ,  a n d  high 
b o d y  fa t  con t en t ,  p r i o r  to  t he  o n s e t  o f  g lucose  intoler-  
a n c e  [10-15].  Recen t ly ,  e l e v a t e d  c i rcu la t ing  co ncen -  
t r a t i ons  o f  p ro in su l i n  a n d  its c o n v e r s i o n  produc ts ,  
m a i n l y  B - c h a i n  C - p e p t i d e  j u n c t i o n a l  c l e a v e d  pep -  
t ides,  w e r e  d e t e c t e d  in ea r l y  N I D D M  and  in indiv idu-  
als wi th  i m p a i r e d  g lucose  t o l e r a n c e  ( I G T ) ,  inc luding  
g l u c o s e - i n t o l e r a n t  f i r s t - d e g r e e  r e l a t ives  of  N I D D M  
p a t i e n t s  [16-19].  T h e  p r e s e n t  s t udy  r e p o r t s  o n  the  

be ta -ce l l  s e c r e t o r y  activity,  inc lud ing  the  p ro insu l in  
sec re t ion ,  and  on  the  b l o o d  l ip id  p rof i l e  o f  adul t  nor-  
m o g l y c a e m i c ,  n o n - d i a b e t i c  p r o b a n d s  w h o  e i the r  h a d  
a m o t h e r  or  a f a t h e r  wi th  N I D D M .  

Subjects and methods 

This study comprised 38 normoglycaemic (World Health Orga- 
nization criteria) subjects, aged 31-40 years; of these 20 (9 men 
and 11 women) had a mother, and 18 (7 men and 11 women) 
had a father with NIDDM. They constituted the above-given 
age range in a cohort of randomly assigned non-diabetic chil- 
dren of either NIDDM mother or father treated in our institu- 
tion. There were no siblings among these probands. Men and 
women of both groups had similar clinical parameters and 
only sons of NIDDM fathers had somewhat higher birth- 
weights. However, at the time of this investigation the off- 
spring of diabetic mothers had a greater BMI calculated both 
for the whole group and separately for males and females (Ta- 
ble 1). The very close waist-hip ratio (WHR) values showed a 
similar distribution of adipose tissue in men and women of 
both groups. All parents of probands were examined: in heal- 
thy parents diabetes and IGT were excluded on the basis of a 
75-g oral glucose tolerance test (OGTT) [20], and the diabetic 
parents were followed-up in the diabetic out-patient clinic. 
For all NIDDM parents the disease had presented after the 
birth of the studied offspring. Relevant clinical data are pre- 
sented in Table 2. The mothers, who at the time of the study 
had NIDDM, were at the time of delivery somewhat older 
than mothers with normal glucose tolerance. The only signifi- 
cant non-gender-dependent differences between diabetic 
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Table 2. Clinical charcteristics of N I D D M  parents 

n Diabetic mother Diabetic father p -value 
(20) (18) 

At delivery 
Age of both parents (years) 
Mother 26 + 1.2 (19-39) 23 _+ 0.7 ( 1 9 - 3 0 )  a 0.027 
Father 30 + 1.0 (24--42) a 27 _+ 0.8 (22-34) 0.052 

At the NIDDM onset 
Age (years) 53.4 + 1.4 (39-65) 57 _+ 1.8 (43-65) 0.123 
BMI (kg/m 2) 34.2 _+ 1.3 (23-43.5) 29.5 + 0.7 (25.4-34.5) 0.003 
WHR 0.87 + 0.01 (0.80-0.93) 0.94 _+ 0.01 (0.86-0.98) < 0.0005 
Systolic BP (mmHg) 150 + 4.8 (115-190) 140 + 4.6 (120-170) 0.123 
Diastolic BP (mmHg) 92 + 2.8 (75-120) 83 _+ 2.2 (70-100) 0.023 
Serum cholesterol (mmol/l) 5.92 _+ 0.24 (4.5-8.46) 6.21 + 0.30 (4.96-9.15) 0.454 
Serum triglycerides (mmol/1) 2.31 + 0.37 (0.52-4.03) 2.07 _+ 0.25 (1.03-3.39) 0.593 

Family history of diabetes 
Mother 4 - 
Father - - 
Diabetes duration (years) 9.3 + 1.3 (2-22) 6.5 +_ 1.0 (1-15) 0.107 
Diabetes therapy 
Diet only 1 2 
Oral agents 15 12 
Insulin b 4 4 

a Heal thy parent; b due to secondary  sulphonylurea failure. BE Blood  pressure 
Values are mean + SEM (range) 
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Fig. 1. Glycaemia curves after O G T T  (arrow) in non-diabetic 
adult  offspring of ei ther  N I D D M  mother  (-)  or father (---) .  
Mean + SEM 

non-equi l ibr ium assay condit ions des [31,32] proinsulin is 95 % 
more  potent  than intact proinsulin. Thus, the proinsulin con- 
centrat ions measured by this assay are the sum of intact and 
B-chain C-pept ide junctional  cleaved pept ides  and represent  
the total  circulating proinsulin concentrat ion.  The detect ion 
limit for this R I A  is 3.5 pmol/l,  and for 50 pmol/1 the intra-as- 
say CV is 6.5 % with a 95 % recovery, and for higher serum lev- 
els (250 pmol/1) it is 21% with a 108 % recovery. Both insulin 
and C-pept ide display negligible levels of cross-reactivity in 
the proinsulin R I A  [21]. 

Serum triglyceride and total  cholesterol  levels were deter- 
mined by enzymatic methods  (Monarch 2000, Ins t rumenta t ion 
Lab., Lexington, MA,  USA) ,  HDL-choles te ro l  was measured  
after  precipi tat ion of other  lipids, LDL-choles tero l  was calcu- 
la ted up to 10.3 mmol/1 by the Fr iedewald  formula, and for 
higher  values the precipi ta t ion method  with polycyclic anions 
was used. Apol ipopro te ins  A- I  and B were measured by im- 
munoturbid imetr ic  assay. 

mothers  and diabetic fathers at disease onset were higher BMI 
and diastolic b lood pressure  in the mothers. Interestingly, only 
diabetic mothers had a posit ive family history of NIDDM.  
The study was approved  by the ethical  committee of the Cen- 
tral Clinical Hospi tal  in Warsaw, and all subjects gave their  in- 
formed consent according to the Helsinki  Declaration. 

During the O G T T  samples  of antecubital  venous blood 
were drawn at -10,  0, 30, 60 and 120 min after administration 
of glucose. Blood glucose was de te rmined  enzymatically using 
the glucose-oxidase-peroxidase method (Centriyfichem 606, 
Baker-Serono, Alentown,  PA, USA) .  Serum samples were 
stored at -20 ~ until radioimmunological  analyses for insulin 
[double-antibody RIA;  Inst i tute of Nuclear  Research, Swierk, 
Poland; average intra-assay coefficient of variation (CV) 
8.5 %], and C-pept ide (Byk-Sangtee Diagnostica kits, Ditzen- 
bach, Germany;  average intra-assay CV 6.5 %). Serum proin- 
sulin concentrations were de te rmined  by a competit ive non- 
equilibrium R I A  method.  The polyclonal  ant ibody used in 
this assay (168AB) recognizes a proinsulin-speeific epitope 
formed by the intact A-cha in  C-pept ide junction. Under  

Statistical analysis. The results are presented  as means _+ SEM. 
The areas under  the curves ( A U C )  were calculated by the trap- 
ezoidal  method  [22]. We used the Student ' s  t-test for compar-  
ing means  of independent  samples. The correlat ion between 
variables was calculated by l inear  regression. In order  to elimi- 
nate the contr ibut ion of variables o ther  than the gender  of par- 
ents variance analysis with covariates was appl ied [23]. Two-si- 
ded  p-values  less than 0.05 were considered significant. Al l  cal- 
culations were per formed by the SPSS/PC + 4.01 computer  
program.  

Results 

B l o o d  glucose, serum insulin, C-peptide and proinsu-  
lin concentrations. I n  a l l  p r o b a n d s  t h e  c o n c e n t r a t i o n s  
o f  b l o o d  g l u c o s e  b o t h  in  t h e  f a s t i n g  s t a t e  a n d  a f t e r  
g l u c o s e  l o a d  w e r e  w i t h i n  t h e  n o r m a l  r a n g e  a c c o r d i n g  
t o  t h e  W H O  c r i t e r i a  [20] a n d  t h e  m e a n  v a l u e s  w e r e  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  t h e  o f f s p r i n g  o f  
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Fig.2A-C. Serum insulin (A), C-peptide (B) and CP:IRI ratio 
(C) curves during O G T T  (arrow) in non-diabetic adult off- 
spring of either N I D D M  mother  (-) or father (---)  * Mean 
group values significantly different at p < 0.05 or less. Mean _+ 
SEM 

N I D D M  mothers  and N I D D M  fathers (Fig. l) .  In 
contrast, the se rum insulin (IRI)  concentrat ions 
were higher in offspring of diabetic mothers,  and the 
difference be tween  the mean  values was significant 
at fasting, at 30 and at 120 min following glucose 
load (Fig.2A). The difference be tween  the mean  

* T .  . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . .  

6 d0 6'0 9'0 
Time (min) 

Fig. 3. Serum proinsulin curves during OGTT (arrow) in non- 
diabetic adult offspring of either NIDDM mother (-) or father 
(---). * Mean group values significantly different at p < 0.05 or 
less. Mean + SEM 

serum C-peptide values was even more  pronounced,  
with those of the offspring of diabetic mothers  being 
significantly higher  at all times (Fig.2B). Never the-  
less, the mean  se rum C-peptide/IRI ratio did not  dif- 
fer significantly be tween  the two groups of offspring, 
either in the fasting state or after glucose load 
(Fig. 2C). The m e a n  serum proinsulin concentra t ion 
was significantly higher  in offspring of diabetic moth-  
ers than in those of diabetic fathers, at fasting and at 
all times following oral glucose load (Fig. 3). These 
differences in serum IRI, C-peptide and proinsulin 
concentrations be tween  the two groups of probands  
were also significant af ter  calculation of A U C  (Ta- 
ble 3). 

The age range of the probands was limited to one 
decade (31--40 years)  which enabled us to rule out  
the effect of ageing on the de termined  parameters  of 
pancreatic beta-cell  activity. The serum IRI levels 
in the whole group were  correlated with BMI 
(r = 0.378, p = 0.02), but  levels of C-peptide and pro- 
insulin were not  (r = 0.176, p = 0.289 and r = 0.209, 
p = 0.208, respectively).  Account ing for BMI by co- 
variance analysis r e move d  the influence of the gen- 
der of the parent  on serum IRI  in the offspring, but 
not on C-peptide or proinsulin, which remained  sig- 
nificantly higher in the offspring of diabetic mothers  
(Table 3). 

To assess whe the r  the effect of the gender  of  the 
diabetic parent  was also dependent  upon the gender  
of the offspring, se rum levels of  IRI, C-peptide and 
proinsulin be tween  sons and daughters in each group, 
between sons of  both  groups, and between daughters  
of both groups, were  compared.  Both male and fe- 
male offspring of N I D D M  mothers  had significantly 
higher serum concentra t ions  of the peptides when  
compared with the male  and female offspring of 
N I D D M  fathers. Interestingly, in the offspring of  dia- 
betic mothers, males had  considerably higher se rum 



T.Kaspe r ska -Czy~yk  et  al,: N o n - d i a b e t i c  subjec ts  wi th  m a t e r n a l  or  paternal history of  N I D D M  835 

Tab le  3. I n f l u e n c e  of  g e n d e r  of  one  N I D D M  p a r e n t  o n  IRI ,  C - p e p t i d e  a n d  proinsulin secretion expressed as s e r u m  A U C  of n o n -  
d iabe t ic  offspring 

Serum c o m p o n e n t  Offspring of diabetic 

Mothers Fathers p-value 
n 20 18 

Effect  of BMI  of the offspring Effect  of gender  of the paren t  

F p-va lue  F p-value  

Insulin A U C  0.928 _+ 0.041 0.757 _+ 0.056 0.019 6.289 0.017 2.841 0.101 
(nmol .  1 ' ,  l a ' )  (d f  1.35) ( d f l . 3 5 )  

C-pept ide AUC 6.379 _+ 0.450 4.753 + 0.242 0.004 1.918 0.175 6.901 0.013 
(nmol .  1 1. l a l )  ( d f l . 35 )  (d f l . 35 )  

Proinsulin A U C  172 _+ 40 51 + 7 a 0.008 1.267 0.268 5.831 0.021 
(pmol .  1 1. h 1) ( d f l . 34 )  ( d f l . 3 4 )  

Values are covariance analysis 
a n = 1 7  

Table 4. D i s t r i b u t i o n  of  b l o o d  glucose,  s e r u m  IRI ,  C-pep t ide  a n d  p ro insu l in  a f t e r  75-g O G T T  e x p r e s s e d  as A U C  in sons  and  
daughters of one N I D D M  p a r e n t  

Serum c o m p o n e n t  ( A U C )  Diabet ic  mo the r  Diabet ic  father 

Sons Daughters  p-value Sons Daughte r s  p-value 

Glycaemia ( m m o l .  1 1 . h 1) 
Insulin (nmol .  1 1 . h - l )  

C-pept ide (nmol  �9 l i . h 1) 
Proinsulin (pmol .  1 -L �9 h) 
C-peptide/insulin ( A U C / A U C )  

246 +_ 21 229 _+ 15 0.515 237 +_ 20 213 _+ 12 0.281 
0.897 _+ 0.072 0.953 _+ 0.048 0.516 0.672 + 0.048 0.812 _+ 0.083 0.231 
7.119 ___ 0.953 5.813 _+ 0.277 0.212 4,609 ___ 0.362 4.916 _+ 0.325 0.547 
288 _+ 68 77 _+ 26 0.015 46 _+ 9 54 + 10 0.591 
7.82 _+ 0.76 6.17 + 0.26 0.067 7.04 • 0.7 6.65 _+ 0.67 0.704 

Values  a re  m e a n  _+ S E M  

Tab le  5. B l o o d  l ip id  p ro f i l e  in  n o n - d i a b e t i c  o f f spr ing  of one  N I D D M  parent 

Serum c o m p o n e n t  Offspring of diabetic 

Mothers  Fathers  p-value  

/ , /  

Triglycerides (mmol/1) 
Sons 
Daughters 

Total cholesterol  (mmol/1) 
LDL cholesterol  (mmol/1) 
HDL-choles te ro l  (mmol/1) 
HDL/Tota l  choles terol  rat io  (%)  
Apol ipopro te in  A - I  (mg/dl) 
Apo l ipopro te in  B (mg/dl) 
Apo-B/Apo-I ratio 

20 18 
1.53 _+ 0.24 0.98 +_ 0.08 0.040 
2.18 + 0.41 ] 1.22 + 0,19 ] 0.057 
1.0 + 0.15 J P = 0.021 0.94 + 0,11 j NS 0.768 
5.45 + 0.23 5.43 _+ 0,18 0.901 
3.62 + 0.21 3.70 _+ 0.23 0.795 
1.19 _+ 0.05 1.29 + 0.05 0.301 
22.7 + 1.3 24.2 + 1.4 0.435 
163 _+ 5 183 + 8 0.051 
130 + 5 121 + 8 0.453 
0.82 _+ 0.7 0.69 + 0.06 0.180 

With the e x c e p t i o n  of  triglycerides the differences of other 
b l o o d  l ipid p rof i l e  parameters between sons and daughters in 

b o t h  g r o u p s  and between the groups were not significant 
Values  are means _+ S E M  

proinsulin levels, and slightly (non significantly) high- 
er serum C-peptide levels and serum C-peptide/IRI 
ratio, than females (Table 4). But in neither sons nor 
daughters of N I D D M  mothers was serum proinsulin 
(AUC) correlated with BMI and WHR, and the posi- 
tive correlation with serum triglycerides was similar 
in both males (r= 0.84; p = 0.005) and females 
(r --- 0.82; p = 0.002) of this offspring group. 

Blood lipid profile. The offspring of N I D D M  mothers 
had significantly higher serum triglyceride levels and 
significantly lower serum apolipoprotein A-I levels, 
than offspring of N I D D M  fathers (Table 5). It is 
again interesting to note that the male offspring of 

diabetic mothers had significantly higher serum tri- 
glyceride levels than females. There was no differ- 
ence in other blood lipid profile parameters between 
male and female offspring in both groups. The serum 
triglycerides were significantly correlated with serum 
proinsulin (AUC)  in both offspring groups, and 
when males and females were separately analysed 
(see above). Only in the offspring of N I D D M  moth- 
ers was a significant correlation found between serum 
HDL-cholesterol  (negative) and serum IRI (AUC)  
and C-peptide (AUC) ,  and between serum apolipo- 
protein B (positive) and serum C-peptide (AUC)  
and proinsulin (AUC); however, the separation of 
this group into sons and daughters showed no 
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characteristic pat tern of the association of these cor- 
relations with gender. 

Discussion 

To our knowledge, this is the first report  to show 
that normoglycaemic, non-diabetic adult children of 
N I D D M  mothers  differ from those (in the same age 
range) of N I D D M  fathers in having greater BMI, 
higher basal and stimulated (OGTT)  serum levels of 
insulin, C-peptide and proinsulin, higher serum tri- 
glyceride and lower serum apolipoprotein A-I levels. 
Fur thermore,  we show here that the serum proinsulin 
and triglyceride levels are significantly higher in sons 
of N I D D M  mothers  than in daughters of NIDDM 
mothers. Also the serum C-peptide levels and serum 
C-peptide/IRI ratios are slightly (although not signif- 
icantly) higher in sons than in daughters of NIDDM 
mothers. Of note is the difference in the serum proin- 
sulin concentration, indicating an abnormal pancre- 
atic beta-cell function in offspring of N I D D M  moth- 
ers, particularly in the males [24]. Thus, the results 
support  the above-quoted studies of family history 
of N I D D M  patients demonstrat ing that diabetic 
mothers  prevailed over fathers [2-5]. In addition, 
our  results indicate that the risk of NIDDM in off- 
spring, expressed through the impairment  of beta- 
cell secretory activity, may be influenced by their gen- 
der. 

The underlying mechanism of this phenomenon  
remains to be elucidated. Sex-linked genetic trans- 
mission and the influence of the intrauterine milieu 
on the fetal development  are probably major factors. 
Similar incidence and prevalence of N I D D M  in men 
and women prove that an X-linked recessive trait, 
which is more  likely to be expressed in men, is not in- 
volved. The concept of genetic imprinting is only the- 
oretical speculation. More convincing is the hypothe- 
sis of maternally inherited mitochondrial  DNA-mu- 
tation, since nearly all mitochondrial  D N A  is re- 
ceived from the ovum rather than from the sperm 
[25]. So far, observations of maternally inherited mi- 
tochondrial  point  mutat ions associated with glucose 
intolerance have been limited to sporadic cases, 
which are characteristic of other  defects (e. g. hearing 
loss, neurological syndromes) and demonstrate  a 
somewhat  different course of diabetes (earlier mani- 
festation, lower frequency of obesity, more  frequent 
need for insulin therapy) [26-28]. Nevertheless, the 
contribution of mitochondrial  D N A  mutat ions to 
overall N I D D M  incidence is an attractive hypothesis, 
especially as this type of diabetes presents as a multi- 
system disease [29]. 

The greater prevalence of diabetes in offspring of 
N I D D M  mothers  may also be a result of the influ- 
ence of the specific intrauterine environment  in fetal 
life. Results from studies of Pima Indians have shown 

that the prevalence of N I D D M  is significantly higher 
among offspring of mothers  who had had gestational 
diabetes than in offspring whose mothers had only 
had IGT during pregnancy or who developed diabe- 
tes after giving birth [30]. Aerts et al. [7] also found 
that experimental streptozotocin diabetes induced in 
rats at the beginning of the pregnancy resulted in 
metabolic and morphological  deterioration of fe- 
tuses, with consequences (including glucose intoler- 
ance) in later life for the two following generations. 
Al though in our study diabetes had developed after 
the birth of the progeny, specific changes in the in- 
trauterine milieu during the prediabetic state could 
lead to the impairment  of pancreatic beta-cell func- 
tion and other discrete disorders. Poor fetal nutrition 
and, in particular, insufficient supply of amino acids, 
which are the major factors controlling the growth 
and development  of pancreatic islets and other tis- 
sues seem to be of particular importance, as sug- 
gested by Freinkel [31] and expanded by others [32- 
34]. In this study only sons of N I D D M  fathers had 
higher birthweight, and no difference in this parame- 
ter was found between the other  groups of probands, 
but other nutritional and non-nutrit ional defects, 
may be involved. 

The finding of a significant difference in serum 
proinsulin between both sons and daughters of 
NIDDM mothers  also remains unexplained. If this 
observation is confirmed by others, its most plausible 
explanation might be an increased susceptibility of 
male offspring of diabetic mothers  to "diabetogenic" 
genetic and environmental  factors. However, such a 
gender-differentiated susceptibility to NIDDM has 
only a marginal influence on the incidence and preva- 
lence of this type of diabetes, as in adult life environ- 
mental  diabetes risk factors have a greater influence 
in women than in men. 

Thus far, whether  the observed slight shifts in 
blood lipid profile in offspring (particularly in sons) 
of NIDDM mothers  are de termined by an increased 
secretory activity of pancreatic beta cells, or by some 
independent  factor(s), is unclear. Nevertheless, the 
finding of these differences in the blood lipid profile 
between the offspring of N I D D M  mothers  and fa- 
thers in the prediabetic period may have a practical 
value, considering that hypertriglyceridaemia and 
low levels of "protective factors" (i. e. apo- 
l ipoproptein A-I) along with increased serum con- 
centrations of 32-33 split proinsulin are risk factors 
for cardiovascular disease [35]. However, whether 
NIDDM inherited from the mother  rather than the 
father presents a greater risk for macroangiopathy 
can only be determined after prospective morbidity 
and mortality studies of children are carried out. 
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