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Summary. Glucose-induced insulin response and insulin sen- 
sitivity were studied in 32 HLA-identical, 38 haplo-identical 
and 24non-identical, islet-cell-antibody-negative, healthy 
siblings of young Type 1 (insulin-dependent) diabetic pat- 
ients (age range 10-28 years). No significant differences were 
obtained between HLA-identical, HLA-haplo-identical sib- 
lings and HLA-non-identical siblings in insulin response us- 
ing an i.v. glucose infusion test even when the insulin sensi- 
tivity as estimated by the somatostatin-insulin-glucose infu- 

sion test was taken into account. A significant inverse 
correlation to age was found for both insulin response 
(r = - 0.24, p = 0.02) and insulin sensitivity (r = - 0.36, p < 
0.01) in the young siblings studied. 

Key words: Type l (insulin-dependent) diabetes mellitus, 
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Studies of  monozygotic  twins have shown that if one 
of  the twins has acquired Type I (insulin-dependent) 
diabetes mellitus, then the co-twin runs an approxi- 
mate 50% risk of  developing Type 1 diabetes [1]. Simi- 
larly, HLA-identical  siblings of  Type 1 diabetic patients 
run an approximately 30% risk of  developing Type 1 
diabetes, whereas the risk for haplo-identical siblings is 
only 5%. HLA-non-identical  siblings run the same risk 
as the normal populat ion [2]. 

Many  groups have been trying to shed some light 
on mechanisms responsible for the increased suscepti- 
bility to Type 1 diabetes in HLA-identical  siblings. An 
interesting observation was made by Hollander  et al. 
[3], who in a small group of  siblings of  Type 1 diabetic 
patients found an exaggerated early insulin response to 
intravenous arginine and glucose infusion in HLA- 
identical siblings of  Type 1 diabetic patients. Similarly, 
an exaggerated insulin response to oral glucose was 
described by Schober et al. [4] in HLA-identical  but  
not in HLA-haplo-identical  and HLA-non-identical  
siblings of  Type 1 diabetic patients. It was suggested in 
these studies that the possibility of  a functional distur- 
bance of  the B-cell occurs before the appearance of  B- 
cell autoantibodies and it was speculated that the in- 
creased B-cell activity could predispose the cells to 
damage by environmental  agents. On the other hand, 
the appearance of  B-cell antibodies in peripheral 
b lood seems to be associated with a decrease of  the 

early insulin response to glucose [5-7]. Although insu- 
lin sensitivity was not measured, the findings in the 
study by Hollander  et al. [3] suggested that a slight pe- 
ripheral insulin resistance might be present in the 
HLA-identical  siblings, contributing to the increased 
glucose-induced insulin response. 

The aim of  this study was to analyse the kinetics of  
insulin release and insulin sensitivity in three sub- 
groups of  siblings of  Type 1 diabetic-patients: HLA- 
identical, HLA-haplo-identical  and HLA-non-identi-  
cal. In order to identify a possible modulat ion of  
insulin responses by B-cell antibodies, islet-cell anti- 
bodies (ICA) have been analysed. 

Subjects and methods 

Subjects 
The study was approved by the Ethical Committee of the Karolinska 
Institute in Stockholm. Informed consent was obtained from all the 
patients and their parents. Altogether, 159 children with Type t dia- 
betes mellitus and 197 healthy siblings from 156 families were typed 
for HLA-ABC-antigens. Siblings who were HLA-ABC-identical with 
the proband were further analysed using the mixed lymphocyte cul- 
ture (MLC) test to ascertain identity. Among the 197 siblings, 38 
were HLA-identical, 102 were haplo-identical and 57 were HLA- 
non-identical. All HLA-identical and groups of age-, sex-, and 
weight-matched HLA-haplo- and HLA-non-identical siblings, re- 
spectively, were invited to further studies of insulin response and in- 
sulin sensitivity. Details of the siblings who took part in the study are 
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Table 1. Characteristics of siblings subjected to the glucose infusion test (GIT) and the sonaatostatin-insulin-glucose infusion test (SIGIT) 

Group Age (years) Sex ratio Body mass index Comments on SIGIT 
(n) Mean _ SD (male/female) (kg/m 2) 

(range) Mean_+ SD 

HLA- 16.8• 3.9 17/16 19.9_+2.4 
identical (33) (11.0-24.3) 

HLA-haplo- 16.8+ 4.2 23/16 19.8_+2.8 
identical (39) (10.5 - 27.8) 

HLA-non- 17.1 • 4.1 11/13 19.6+2.5 
identical (24) (11.7 - 24.6) 

6 boys, 5 girls did not perform SIGIT 
9 of them younger than 15 years 

5 boys, 6 girls did not perform SIGIT 
9 of them younger than 15 years 

4 boys, 3 girls did not perform SIGIT 
4 of them younger than 15 years 

summarised in Table 1. The mean interval between onset of diabetes 
of the proband and the tests performed on the siblings was 6 years 
(range 3-18). 

M e ~ o ~  

Glucose infusion test (GIT) and somatostatin-insulin-glucose infu- 
sion test (SIGIT) were performed on the morning after an overnight 
fast. The subjects were instructed to avoid vigorous exercise and al- 
coholic drinks the day before the test. Indwelling catheters were in- 
serted into both cubital veins. The subjects remained supine during 
the experiments. 

Glucose infusion test (GIT). GIT was performed as described by Cer- 
asi et al. [8]; 500 nag of glucose/kg-body weight was injected rapidly 
and followed by a glucose infusion at a rate of 20 mg.kg -1 .min -1 
over 60 min. Venous blood samples were drawn at 5-20 min inter- 
vals during 120 min. All blood samples were kept on ice until centrif- 
ugation. Plasma was frozen at -20~ until analysed. Insulin re- 
sponse was calculated as insulin (incremental) areas. 

Somatostatin-insulin-glucose infusion test (SIGIT). SIGIT was per- 
formed according to Harano [9[ as modified by Wajngot et al. [10]; 
glucose (6 rag- kg-1. rain-1), insulin 0.4 mU- kg-1. rain-1 _ Actrapid, 
Novo, Copenhagen, Denmark) and somatostatin (4.5 ~tg/min - Sti- 
lamin, Serono, Rome, Italy) were infused simultaneously. Human al- 
bumin (20% Albumin, Kabi Vitrum, Stockholm, Sweden) was added 
to avoid absorption of insulin to the bottle wall. Subjects less than 
50 kg of weight received reduced amounts of somatostatin (3.3 p~g/ 
min). Venous blood samples were drawn every 30 rain for determina- 
tion of glucose, insulin and C-peptide. 

During the test, the C-peptide values were substantially de- 
pressed. The mean values_+ SD for all individuals before and at 90, 
120, 150rain were: 0.37+0.16, 0.08+0.05, 0.08+0.05, 0.09+ 
0.08 pmol/t. During the test, circulating insulin levels were stable. 
The mean values_+ SD for all individuals before and at 90, 120, 
150 rain were: 16 • 5, 24 • 4, 25 • 4, 25 + 5 mU/1. Insulin and C-pep- 
tide levels were similar in the groups studied, e.g. plasma insulin 
concentrations at 90 min were 24, 24, 25 mU/l, respectively. 

Since endogenous insulin secretion, was continuously depressed 
during the test, the blood glucose levels at the end of the test could 
be used as an estimate of insulin sensitivity. The mean of blood glu- 
cose levels at 90, 120, 150 min is referred to as SIGIT ( ~ ). 

Chemical methods 

Plasma glucose was determined using a commercially available glu- 
cose oxidase method - GLOX, Kabi Vitrum, Stockholm, Sweden 
[11]. Insulin and C-peptide were determined using RIA-methods, 
commercially available by Novo Company, Copenhagen, Denmark 
[12, 13]. HLA-ABC-typing was performed by means of the standard 
NIH technique and HLA-identity was confirmed using the MLC test 
[14]. ICA was analysed using a two-colour immunofluorescence 
technique [15]. 

Statistical analysis 

As insulin-area and the quotient insulin-area/SIGIT (,~) showed 
skewed distribution, results are expressed as median, quartiles and 
ranges. Statistical methods for the evaluation of non-parametric data 
(Mann-Whitney U-test and Spearman's rank correlation coefficient) 
were used. For the other variables, Student's t-test was used. A p val- 
ue less than 0.05 was considered to be statistically significant. A 
power test was performed for insulin sensitivity showing that with a 
power of 80% and a pvalue of 0.05, a 25% difference could be de- 
tected using sample sizes of 30 individuals in each group. 

Results 

Prevalence of  islet cell antibodies (ICA) 

All  s ibl ings  sub j ec t ed  to  the  g lucose  i n f u s i o n  test  were  
a n a l y s e d  for  I C A .  Al l  were  nega t ive  excep t  fo r  two  sib- 
l ings - one  H L A - i d e n t i c a l  b o y  a n d  one  H L A - h a p l o -  
i den t i ca l  girl. W h e n  c o m p a r i n g  insu l in  r e s p o n s e  a n d  
insu l in  sensi t iv i ty  b e t w e e n  the  d i f f e ren t  H L A - g r o u p s  as 
d e s c r i b e d  be low,  these  two  sub jec t s  were  exc luded .  

Insulin response and HLA-type 

T h e  insu l in  r e sponses  a n d  g lucose  levels  in  the  th ree  
d i f f e ren t  g r o u p s  are  s h o w n  in F i g u r e  1 a n d  the  exac t  
va lues  for  g lucose  a n d  insu l in  a re  g iven  in  Tab le  2. In-  
su l in  r e sponses  m e a s u r e d  as insu l in  a r e a  du r ing  the  
ea r ly  0 - 1 0  min ,  la te  1 0 - 6 0  ra in  a n d  to ta l  p h a s e s  d i d  
n o t  d i f fe r  b e t w e e n  H L A - i d e n t i c a l  s ib l ings  a n d  H L A -  
h a p l o -  o r  H L A - n o n - i d e n t i c a l  s ib l ings  respect ive ly .  T h e  
i n d i v i d u a l  va lues ,  however ,  v a r i e d  m a r k e d l y .  M e d i a n ,  
quar t i l e s  a n d  ranges  a re  g iven  in  Tab le  3. 

Insulin sensitivity and HI_A-type 

The  insu l in  sens i t iv i ty  m e a s u r e d  as S I G I T  ( 2 ) fo r  the  
t h ree  g r o u p s  a re  g iven  in F i g u r e  2. N o  s ign i f i can t  dif-  
f e rences  were  f o u n d  b e t w e e n  the  g roups .  Aga in ,  a con-  
s i de r ab l e  i n d i v i d u a l  v a r i a t i o n  is no t ab l e .  

In su l in  r e s p o n s e  d u r i n g  the  g lucose  i n fus ion  test  
was  r e l a t ed  to  the  p r e v a i l i n g  insu l in  sens i t iv i ty  b y  cal-  
cu l a t ing  the  q u o t i e n t  insu l in  a r e a / S I G I T  ( 2 ) .  This  
q u o t i e n t  was  g iven  as early,  la te  a n d  to ta l  p h a s e  r e spec -  
t ively. Aga in ,  no  s ign i f i can t  d i f f e rences  were  f o u n d  be-  
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Fig. 1. 
infusion , 

Glucose and insulin response to the glucose infusion test. Median values in three groups of siblings to Type 1 diabetic patients. Glucose 
t 

tween HLA-identical compared to HLA-non-identical 
siblings and HLA-haplo-identical compared to HLA- 

-~ 15 non-identical siblings respectively (Table 4). 
o 

Analysing all the siblings, insulin sensitivity was in- E 
versely correlated to insulin area, i.e. individuals with g 
a high SIGIT ( ~ ) value (low sensitivity) tended to ex- 

o 10. 
hibit high insulin responses measured as insulin areas. 
The correlation between insulin area, early phase and 
SIGIT ( ~ ) were rs = 0.31, p = 0.01 and between insulin _8 
area total phase and SIGIT ( ~ )  were rs=0.35, p < " 
0.01. ~ s. 

E 
I-- 

Insulin response, insulin sensitivity, and sex 

There were no significant differences between sexes 
when comparing the variables insulin area or the quo- 
tient insulin area/SIGIT ( ~ )  respectively. However, 
for SIGIT ( 2 )  a significant difference was found 
(p = 0.01) showing a higher SIGIT ( 2 )  for girls com- 
pared to boys when analysing all the siblings, 

Insulin response, insulin sensitivity and age 

Insulin area was significantly inversely correlated to 
age in the total material of siblings: insulin area early 
phase rs=-0.25,  p--0.02; insulin area total phase 
rs = - 0.24, p --- 0.02. Insulin sensitivity, SIGIT ( 2 ) was 
also significantly inversely correlated to age rs= 
- 0.36, p < 0.01. A 95% confidence interval for SIGIT 
by age in low risk individuals (i. e. HLA-non-identical 
siblings) was constructed (Fig. 3). The values for the 
HLA-identical siblings are plotted in the same figure 
and all values fell within the confidence limits of the 
low risk individuals. 

Fig.2. 
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Insulin sensitivity measured as SIGIT ( ~ )  in the three 
groups of siblings of Type 1 diabetic patients. ICA-positive siblings 
are indicated by 0 

Diabetes emerged in one sibling 

The HLA-identical sibling who was ICA-positive was 
a twin brother of a boy who developed Type 1 diabetes 
at 11 years of age. The healthy co-twin was examined 
at the age of 16 years when he had a normal fasting 
blood glucose as well as normal responses to GIT and 
SIGIT. The early insulin area was 193 and the total in- 
sulin area was 1603 mU.  rain/l, i.e. close to the lower 
quartiles of the total material (Table 3). His SIGIT ( ~ ) 
value was normal as indicated in Figures 2 and 3. At 
the age of 28 years, the boy had postprandial glucos- 
uria but no clinical symptoms of diabetes. A new GIT 
was performed which now showed definite pathologi- 
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Table 2. Glucose and insulin values during the glucose infusion test in 3 groups of healthy siblings of Type 1 diabetic patients. Glucose values 
are given as means _+ SD. Because of skewed distribution insulin values are given as medians and quartiles (within brackets) 

Time (min) 

0 5 10 20 30 40 50 60 80 100 120 

HLA- 
identical 
(n =33) 
Glucose 4.6__+0.6 16.8+3.5 17.8+2.6 18.5+3.0 18.6+3.4 18.4+4.4 17.9_+4.5 17.4_+5.1 9.2_+4.3 5.6_+3.1 3.9_+1.9 
(retool/l) 
Insulin 16 56 47 47 50 56 67 78 58 36 28 
(mU/l) (14, 19) (42, 72) (36, 61) (39, 58) (42, 64) (44, 78) (50, 89) (61, 94) (47, 75) (28, 50) (22, 32) 

HLA-haplo- 
identical 
(n =39) 
Glucose 4.7_+0.4 15.9_+3.4 17.7_+2.5 18.6_+2.4 18.2+2.9 18.2_+3.3 18.1___4.0 17.4_+4.4 9.4___4.0 5.3_+2.4 3.8_+1.4 
(mmol/1) 
Insulin 17 56 47 43 47 53 67 78 64 36 25 
(mU/1) (15, 19) (42, 86) (36, 69) (36, 58) (33, 64) (44, 89) (50, 94) (61, 111) (44, 100) (28, 50) (21, 33) 

HLA-non 
identical 
(n=24) 
Glucose 4.5_+0.3 16.5_+3.2 17.0_+3.3 17.8+3.1 18.5+2.9 18.2-+3.4 18.6+3.6 18.0_+4.1 10.9_+4.9 6.1+3.7 4.3_+2.9 
(retool/l) 
Insulin 17 56 36 44 39 47 61 83 64 39 28 
(mU/l) (15, 18) (39, 83) (31, 64) (32, 67) (33, 67) (42, 64) (42, 78) (57, 92) (50, 83) (28, 53) (22, 36) 

Table 3. Insulin response to the glucose infusion test (GIT) in ICA- 
negative siblings to Type 1 diabetic patients. Insulin response is cal- 
culated as the area under the insulin curve with the base at the 0 rain 
value 

Group Insulin area Insulin area Insulin area 
(n) early phase late phase total phase 

0-10 min 10-60 min 0-60 min 
(mU min/1) (mU rain/l) (mU min/1) 

HLA- 
identical 
(n = 32) 

Median 259 1 945 2 289 
Lower q 191 1 400 I 591 
Upper q 368 2 900 3 221 
Range 71-1 629 600-10 695 671-12 324 

HLA-haplo- 
identical 
(n =38) 

Median 270 1 875 2 352 
Lower q 176 1 390 1 566 
Upper q 430 3 135 3 504 
Range 38-1 626 645-6 335 683-7 961 

HLA-non- 
identical 
(n =24) 

Median 266 1 755 1 966 
Lower q 150 1 290 1 502 
Upper q 431 2 810 3 211 
Range 65-1 018 645-4 325 750-5 179 

Table 4. The quotient insulin area/SIGIT ( ,~ ) in ICA-negative sib- 
lings to Type 1 diabetic patients 

Group Insulin area Insulin area Insulin area 
(n) /SIGIT ( ~ ) /SIGIT ( ,~ ) /SIGIT ( ~ ) 

early phase late phase total phase 
0-10 min 10-60 min 0-60 min 
(mU min/mmol) (mU min/mmol) (mU min/mmol) 

HLA- 
identical 
(n = 21) 

median 31 221 252 
lower q 20 181 200 
upper q 45 324 379 
range 12-135 93-883 105-1019 

HLA-haplo- 
identical 
(n=27) 

median 34 229 260 
lower q 18 167 193 
upper q 55 366 436 
range 3-133 56-1336 59-1469 

HLA-non- 
identical 
(n = 17) 

median "32 199 221 
lower q 22 164 208 
upper q 45 332 360 
range 13- 76 90- 440 104- 483 

cal  g l u c o s e  a n d  i n s u l i n  r e s p o n s e s  a n d  t w o  m o n t h s  l a t e r  
h e  d e v e l o p e d  i n s u l i n - d e p e n d e n t  d i a b e t e s .  

T h e  o t h e r  I C A - p o s i t i v e  s i b l i n g  wa s  a h a p l o - i d e n t i -  
ca l  gir l  e x a m i n e d  at  t h e  age  o f  12 years .  She  t h e n  h a d  
n o r m a l  G I T  a n d  S I G I T  tests.  

Discuss ion  

T h e  p r e s e n t  s t u d y  c l ea r ly  d e m o n s t r a t e s  t h a t  t he  i n s u l i n  
r e s p o n s e  to  a s t a n d a r d i s e d  g l u c o s e  i n f u s i o n  tes t  i n  
I C A - n e g a t i v e  H L A - i d e n t i c a l  s ib l ings  o f  y o u n g  T y p e  1 



F. Lindgren et al.: Insulin response/sensitivity in healthy siblings of Type 1 diabetics 731 

A g 

0 
E 15 
g 

0 
(J 

"~ 10_ 
" 0  

0 
0 

.11 

t= 5. 

I - .  

0.r 
0 

o HLA-identical siblings 

0 0 0 

0 0 

0 0 
0 

O0 0 0 

0 0 
0 O0 

0 O0 

10 1'5 20 25 
Age (years) 
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diabetic patients was not different from that seen in 
HLA-haplo-identical and HLA-non-identical siblings. 
Insulin release, however, showed great individual vari- 
ation. This variation could not  be attributed to the 
presence of B-cell autoantibodies. Thus, we were un- 
able to confirm the observation of a deranged B-cell 
responsiveness, i.e. an exaggerated acute phase insulin 
response to intravenous arginine and glucose as report- 
ed by Hollander et al. [3]. The reason for the contradic- 
tory results is unclear, though methodological differ- 
ences may play a role. In t he  present study insulin 
secretion was stimulated using a glucose bolus fol- 
lowed by glucose infusion during 60 min, while Hol- 
lander et al. gave arginine followed by glucose i.v. as 
bolus doses. Our method may allow a better separation 
of the maximum, first and second phase insulin re- 
sponses. It is, however, noteworthy that the same 
group of investigators [16] using an intravenous glu- 
cose tolerance test (IVGTT) recently reported virtually 
identical insulin responses in HLA-identical siblings of 
Type 1 diabetic patients compared to that in unrelated 
control subjects. In our study, subjects belonging to 
three HLA-subgroups of siblings of Type 1 diabetic 
patients exhibited a wide range of insulin responses 
ranging from low to very high. Thus, one reason for 
the conflicting results between our and earlier studies 
may be that HLA-identical siblings of Type 1 diabetic 
patients are a heterogenous group of individuals, 
where some subjects could exhibit an early derange- 
ment in B-cell responsiveness. Only follow-up studies 
of large groups of siblings may give the answer. 

In order to better ewaluate the response of insulin, 
insulin sensitivity was also tested. This is of particular 

interest since, as discussed by Wajngot et al. [10], low 
insulin response in relation to prevailing insulin sensi- 
tivity may be an early event in the development of dia- 
betes. It is also of importance since insulin resistance 
has been shown to vary during the early natural course 
of Type I diabetes [17]. In our study, it was shown that 
there is a significant correlation between insulin re- 
sponse and insulin sensitivity, but there was no differ- 
ence between the three groups of HLA-typed siblings. 
Thus the insulin responses in the three groups of sib- 
lings were not different although insulin sensitivity was 
taken into account. 

In contrast to our findings, Raghu et al. [16] have 
recently reported decreased insulin sensitivity in HLA- 
identical siblings of Type 1 diabetic patients compared 
to matched unrelated control subjects. These authors 
determined the insulin sensitivity index on the basis of 
an IVGTT using the minimal model of insulin kinetics. 
There is a good correlation between the sensitivity in- 
dex as derived from an IVGTT and that derived from 
an euglycaemic clamp [18], suggesting that the opposite 
results reached in their and our studies are probably 
not of a methodological character. The relatively large 
number of siblings in the HLA subgroups in the pre- 
sent study would be enough to detect a difference of a 
least 25% of the SIGIT (,2) values with a power o f  
80% and a probability of 5%. Furthermore, in our 
study HLA-identity was based not only on HLA-ABC- 
typing, but also confirmed by the MLC-test. This could 
be important, as recent studies have shown that the 
strongest association between HLA antigens and sus- 
ceptibility of Type I diabetes may be present in the DQ 
region [19]. Again, a possible explanation for the di- 
verging results may be that HLA-identical siblings rep- 
resent a very heterogenous group, insulin resistance be- 
ing a characteristic feature of some of these individu- 
als. 

An important finding of the present study was the 
demonstration of an age dependency of both insulin 
response and insulin sensitivity in young, healthy indi- 
viduals. However, the correlations are low, indicating 
low fractions of explained variances. Our observation 
is in agreement with that of Amiel et al. [20], who stud- 
ied both non-diabetic and diabetic individuals. Thus, 
these authors found a lower insulin sensitivity in ado- 
lescents compared to both prepubertal and adult sub- 
jects, irrespective of the fact if they had diabetes or not. 
Our findings of an age dependency of both insulin re- 
sponse and insulin sensitivity underlines the impor- 
tance of taking age into account when interpreting 
such data. 
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