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Abstract

Measurement of fl-cell function is an important marker of pro-
gression to diabetes in individuals at risk for the disease. Al-
though the peak incidence for the disease occurs before 17
years of age, normal values for insulin secretion were not avail-
able in this age group. We performed a simplified intravenous
glucose tolerance test in 167 normal children, and in 98 islet
cell antibody (ICA)-negative and 12 ICA-positive siblings of
diabetic patients. Their age range was 1-16 yr. The first phase
of insulin secretion, evaluated as the sum of plasma insulin
concentrations at 1 and 3 min, increased with age and was signif-
icantly lower in ICA-negative siblings (86±6 gU/ml, P
< 0.002) than in normal controls ( 115±6 ;XU/ml). This differ-
ence was not apparent before 8 yr of age. None of the ICA-neg-
ative siblings developed diabetes after an average of 4.5 yr.
ICA-positive siblings at first study had a first phase insulin
response similar to that of ICA negative siblings, but signifi-
cantly lower than that of the normal controls (74±13gU/Uml, P
< 0.02). The reason for the decreased insulin secretion in ICA-
negative siblings is unknown, but could involve a defect in the
growth of f-cell mass or insulin secretion that could be part of
the multifactorial pathogenesis of type 1 diabetes. (J. Clin.
Invest. 1993. 92:509-513.) Key words: insulin secretion *,B-cell
function- pre-type 1 diabetes

Introduction

As reflected by the incidence peak of its clinical onset between
7 and 17 yr ofage ( 1, 2), type 1 diabetes results from the loss of
insulin secretion during childhood and preadolescence. The
failure of f-cell function is a consequence of the lymphocytic
infiltration of the islets of Langerhans leading to the autoim-
mune destruction of insulin-secreting cells (3). First degree
relatives of type 1 diabetic patients are at increased risk for the
disease and the presence of antibodies reacting with various
A-cell antigens is predictive of diabetes in this population (4-
6). In the individuals who progress to diabetes, the gradual
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decline of insulin secretion is believed to be due to the destruc-
tion of : cells by insulitis as seen in autoimmune animal mod-
els (3).

Various degree ofglucose intolerance have been reported in
siblings or twins of diabetic patients (7-1 1 ). These abnormali-
ties of glucose homeostasis affected more siblings than the pro-
portion expected to progress to diabetes ( 12).

A reduction of insulin response to intravenous glucose has
also been reported in first degree relatives of diabetic patients
( 13, 14). These studies, however, were performed at a time
when the autoimmune status could not be tested. More re-
cently, the study of a small group of islet cell antibody
(ICA)'-negative HLA-identical adult siblings of type 1 dia-
betic patients revealed a decrease ofboth insulin sensitivity and
first phase insulin response to glucose ( 15, 16). These observa-
tions, as well as the increased incidence of non-insulin-depen-
dent diabetes (NIDDM) in families of young type 1 diabetics
( 17, 18), suggest that nonautoimmune alterations of insulin
secretion may be part ofthe complex genetics ofthe disease and
prompted us to reevaluate insulin secretion in siblings of dia-
betic children. Another incentive for undertaking this study is
the recent linkage to type 1 diabetes ofgenotypic markers local-
ized in the vicinity ofthe insulin gene on chromosome 11 ( 19),
although there is no indication yet that this could be related to
alterations of insulin gene transcription.

To be able to interpret our data, we had to acquire informa-
tion regarding normal insulin secretion during childhood and
adolescence. Such data are, to our knowledge, only available
for adult normal controls (20). In fact, all studies of insulin
secretion and sensitivity in prepubertal and pubertal children
have been performed in ICA-negative first degree relatives of
type 1 diabetic patients (21-24), none in normal children. To
make our investigation acceptable to large numbers of healthy
children, we performed a simplified intravenous glucose toler-
ance test, considered a reliable predictor of f-cell dysfunction
in pre-type 1 diabetes (25).

Methods

Subjects. From 1986 to 1992, we recruited I 10 siblings of type 1 dia-
betic children followed at our center. Their age ranged from I to 16.5 yr
at time of testing, which included detection of islet cell antibodies,
insulin autoantibodies, and insulin response to intravenous glucose.
They were separated into two groups according to the presence of anti-
bodies: 98 siblings were found negative for either class of antibodies

1. Abbreviations used in this paper: ICA, islet cell antibody; NIDDM,
non-insulin-dependent diabetes mellitus.
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and 12 positive for islet cell antibodies±insulin antibodies. All children
were in good health at time of testing.

We studied for comparison 167 normal children aged 3.2 to 15 yr,
selected among the investigators', colleagues', nurses', and friends' fam-
ilies (91/167), as well as among patients (76/167) hospitalized for
reasons not interfering with insulin and glucose homeostasis (benign
surgery, evaluation offamilial mild short stature, or isolated cryptorchi-
dism). In all children, sexual maturation was consistent with chronolog-
ical age, and physical examination was normal except for the afore-
mentioned abnormalities. Subjects with a familial history oftype 1 or 2
diabetes, gestational diabetes, or abnormally high birth weights were
systematically excluded. Body wt had to be within 90-110% of ideal
body wt for age.

Informed consent was obtained from the parents and the children,
after the investigative nature of our research had been explained, ac-
cording to principles approved by INSERM Committee on Medical
Bioethics.

The characteristics of the children studied are presented in Table I.
Procedures. During the 3 d preceding insulin measurements, the

children were prescribed a standardized diet, containing 1000 calories,
plus an additional 100 calories/yr of age, and 50% carbohydrates,
based on the eating habits of French children (26). Parents or nurses
checked the observance of the diet, and children with poor appetites
and insufficient intakes (less than 75% of prescribed carbohydrates)
were excluded.

Children were fasted 12 h overnight, from the end of dinner (2000
hours) to time 0 ofthe test (0800 hours). They slept normally and were
studied after 1 h of normal ambulatory activity. To avoid the effect of
vein puncture stress, we inserted an intravenous line in a superficial
brachial vein of each arm 1 h before time 0.

A dose of0.5 mg glucose/kg body wt ( 50% dextrose) was manually
injected in 2.5 min, with an average precision of ±5 s. Time zero was
taken at the end ofthe intravenous bolus. Blood samples were collected
from the opposite arm at 1 and 3 min for measurements of insulin. In
hospitalized patients, the venous lines were subsequently used for other
medical purposes independent of this investigation.

Analytical methods. Plasma insulin concentration was measured
with a radioimmunoassay (Oris; CEA Instruments, Inc., Emerson, NJ)
having an average relative precision of 12% within a 18-60 pmol/liter
range and 8% within a 60-1200 pmol/liter range. During the period of
study, the technique was periodically calibrated using an insulin stan-
dard from Novo Nordisk (Bagsvaerd, Denmark).

To compare our pediatric values with those previously reported in
normal adults (20), our technique (SVP) was examined with regard to
that used at the Joslin Clinic in Boston (J). The linear relationship
between the two centers showed close correlation (r = 0.99) and was
described by the following equation: (insulin)j = 1.6 (insulin)svp
- 1.54.

As.the majority oftechniques used for measuring insulin in clinical
studies, our radioassay cross-reacted with proinsulin, so 80-85% of the
observed value actually represent insulin. This value was obtained by
comparing our results with those obtained using a double antibody
technique, eliminating cross-reactivity with proinsulin (courtesy ofDr.
R. Djurup, Novo Nordisk.

Islet cell antibodies were detected according to the methods and
score included in the Fourth International Diabetes Workshop analy-
sis, with a threshold of 2.5 JDF units (27). Antiinsulin antibodies were
measured using a previously reported radioassay (28).

Statistics. Simple linear regression was used to describe the rela-
tionship between parameters. Student's t test for unpaired variables
allowed comparison between groups.

Results

In all children, fasting plasma glucose was normal (Table I)
with respect to the National Diabetes Data Group criteria (29).

Insulin response, expressed as the sum of the insulin measure-
ments at 1 and 3 min, correlated with age, both in normal
children and in ICA-negative siblings (Fig. 1 ). Insulin response
to intravenous glucose was decreased by approximately 25% in
the group of 98 ICA-negative siblings compared with the con-
trol children (P < 0.002, Table I). The slope of the regression
line describing the relationship between age and insulin secre-
tion was 42% steeper in the controls than in the siblings. When
the children were stratified arbitrarily with respect to the me-
dian oftheir age, we did not detect any significant difference of
insulin values between ICA-negative siblings and normal chil-
dren under the age of 8 yr (Table II).

23 siblings had insulin responses under the lower age-
matched normal values and were analyzed separately (Table I)
16 of them were clustered in 6 families. None of them devel-
oped diabetes during follow-up. The incidence of type 2 dia-
betes was increased in families oftype 1 diabetic patients (27%
of families) compared with 1.4% of individuals of the general
population (30), but this trend was not different in the group of
siblings with the lowest insulin responses.

The 12 ICA-positive siblings had insulin 1 + 3 min re-
sponses averaging 74±13 gU.U/ml (P < 0.02 vs. controls) at first
testing, a value comparable with that of the ICA-negative sib-
lings. At their last testing, 29±5 mo later, 9 of 12 had a mean
value of 67±17 ,uU/ml, statistically not different from first
testing. Two became diabetic, and one was not retested.

One of the children of the present study, followed from
1986 to 1992, consistently showed low insulin responses at 3 yr
of age (20 ,gU/ml), 4 yr (36 .U/ml), and 9 yr (83 tLU/ml),
while he converted to islet cell antibody positivity (20-40
JDFU) at 4 yr. This child has a diabetic brother, who devel-
oped the clinical disease at 8.9 yr. Two other siblings were ICA
negative and low insulin responders with 1 + 3 min insulin
values of 36 and 50 1U/ml at 7 yr of age.

Discussion

The present results were unexpected, since the diminution and
loss ofinsulin secretion in type 1 diabetes was considered exclu-
sively the consequence ofan autoimmune attack ofthe /3 cells.
In fact, the high frequency of glucose intolerance in siblings of
diabetic patients (9, 10), the observations made by the Seattle
group ( 15, 16), and the increased proinsulin levels in ICA-neg-
ative siblings ofpatients (31 ) already suggested the existence of
a A cell dysfunction in families oftype 1 diabetic patients. Our
study in a large cohort of siblings is consistent with these obser-
vations and leads to several working hypotheses.

A genetically determined nonautoimmune intrinsic defect
of/ cell function or reduction of:3 cell mass may exist in type 1
diabetes. Genetic susceptibility to type 1 diabetes involves 3
and probably more genes (32). One ofthe susceptibility genes
could be implicated in insulin secretion or growth of /-cell
mass and account for its decrease in nondiabetic siblings. In the
human, only the MHC and the insulin-IGF I region have yet
been implicated ( 19, 32). A susceptibility gene close or within
the MHC is unlikely to explain our observation, since in other
studies no correlation was found between HLA haplotype shar-
ing and insulin secretion (33) or proinsulin levels (31 ) in sib-
lings of diabetic patients. Since an inverse relationship was re-
cently found between insulin secretion and serum Lp(a) levels
in healthy adults (34), it will be interesting to test the link
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Table I. Insulin Secretion in Response to Intravenous Glucose in Children from Nondiabetic Families
and in Siblings of Type I Diabetic Children

Siblings of type I diabetic children

ICA -

Children from
nondiabetic families ICA + All Low responders

No. of subjects 167 12 98 23
No. offamilies 165 12 84 13
Age at test (yr) 9.8±0.3 6.1±1.0 9.3±0.4 10.5±0.7
BMI (kg/m2) 16.5±0.1 16.4±0.1 16.5±0.1 16.1±0.3
Age of onset of diabetes in sib (yr) 9.1±1 9.3±1 9.2±1.3
% families with NIDDM 0 0 27 26
Follow-up (yr) 4.4±0.8 2.4±0.4 4.4± 1.2 4.5± 1.1
IDDM occurrence 0 2 0 0
Plasma insulin after intravenous

glucose
1 + 3 min insulin (MU/ml) 115±6 74±13* 86±6$ 37±2
1 + 3 min insulin/body surface
(AU/m2) 113±5 86±14* 85±6§ 38±1.9

1 + 3 min insulin/body mass
index (,U*m2/kg) 6.9±0.3 5.2±0.8* 5.2±0.4t 2.3±0.1

Fasting plasma glucose (mmol/l) 4.6±0.1 4.5±0.1 4.5±0.1 4.6±0.1

Type 2 diabetes in second- or third-degree relatives of the diabetic patient defined families with NIDDM. * P < 0.025; P < 0.002; § P < 0.001
vs. values in children from nondiabetic families.

between genetic factors determining Lp(a) levels and diabetes
mellitus. The defect of insulin secretion is apparently not suffi-
cient per se to induce juvenile diabetes mellitus in the short
term since none of the 23 children with the lowest insulin re-
sponse developed diabetes after a mean follow-up of 4.5±1.1
years. This is consistent with the observation that the onset of
type I diabetes in children is almost constantly associated with
the presence of circulating autoantibodies (35).
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Figure 1. Relationship between age and the first phase insulin secre-
tion to intravenous glucose in normal controls (*) and in ICA-nega-
tive first-degree relatives of type I diabetic children (o and o); o, 23
children with values inferior to those of normal controls. The equa-
tions for the regression lines are: Y = 10.5 X + 11.3 (r = 0.46, P
< 0.0001) for the normal children, and Y = 6.1 X + 30 (r = 0.39, P
< 0.0025) for the ICA-negative siblings.

On the basis ofour observation, it is interesting to speculate
that a fraction ofICA-negative insulin-dependent diabetes that
start in adulthood are possibly related to nonautoimmune in-
sulin deficiency. Approximately 20-30% of recent type 1 dia-
betic adults do not have circulating autoantibodies (35) and
the HLA subtypes predisposing to autoimmune diabetes are
less prevalent in adult than in pediatric cases of type I diabetes
(36).

A genetic defect of insulin secretion could also explain the
interference of non-insulin-dependent (type 2) with type I
diabetes in these families. However, we did not find an in-
creased frequency of type 2 diabetes in the families of individ-
uals with the lowest insulin responses.

Although this has not been studied in man, it is possible
that insulin secretion or /3-cell mass are influenced by dietary
carbohydrates. In this respect, our observation could be the
result of a reduced carbohydrate intake in the brothers and
sisters oftype I diabetic patients. We do not favor this hypothe-
sis because the diet in our diabetic population is comparable to
that ofnormal children (37). In addition, short-term nutrition
was carefully standardized in the siblings and in the controls
during the 3 d preceding the test.

Another possibility is that the autoimmune attack of insu-
lin-secreting cells progresses slowly in a subset of siblings, with-
out evidence of circulating antibodies. Alternatively, a remit-
tingly destructive insulitis may reduce the insulin secretory re-
sponse or /-cell mass in a subset of ICA-negative siblings
without progressing to complete failure (38).

This study provides new information on insulin secretion
in normal children. As observed previously in ICA-negative
siblings of diabetic patients (23, 24, 39), this study confirms
that the first phase ofinsulin secretion increases markedly with
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Table I. Insulin Secretion in Response to Intravenous Glucose in Children from Nondiabetic Families
and ICA-negative Siblings of Type I Diabetic Children

.8 yr >8 yr

ICA-negative ICA-negative
Children from siblings of type I Children from siblings oftype 1

non-diabetic families diabetic patients non-diabetic families diabetic patients

n 56 40 111 58
Age (yr) 6±0.2 5.6±0.3 11.9±0.2 11.9±0.3
Plasma insulin after intravenous

glucose
1 + 3 min insulin (MU/ml) 73±5 68±9 136±8 99±8*
1 + 3 min insulin/body

surface (,U/M2) 96±6 89±11 121±7 82±7*
1 + 3 min insulin/body mass
index (tLU*m2/kg) 4.8±0.3 4.4±0.6 8.0±0.5 5.7±0.7*

The values are subdivided according to age at time of testing. * P < 0.005, * P < 0.001 vs. children from nondiabetic families.

age, with a maximum at time ofpuberty, when insulin sensitiv-
ity is minimal (21, 22). The interpretation of a low insulin
response to glucose in an ICA-positive child should take into
account the age-matched values in controls as well as in ICA-
negative siblings.

In summary, this study reveals a decreased insulin response
to glucose in ICA negative siblings of type 1 diabetic children
but offers no explanation for it. Because the difference between
ICA-negative siblings and normal children is not apparent in
young ages, it may be related to a defective growth of the 3-cell
mass as well as to an abnormal maturation of insulin secretion.
We speculate that its nature may be independent from im-
mune-mediated events.
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