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Early Metabolic Defects in The First-Degree Relatives of Patients with
Non-Insulin-Dependent Diabetes Mellitus
Wilfried Herdin Sibuea

Abstrak

(DMTTI), yang diduga
untuk mengidentifilasi
pencegahan. Sebanyak

û tanpa rtwayat diabetes dalam lam penelitian ini.
Kedua ke i umur, ienis kelamin da nbuhyang sama. Dilakukan tes oral untukmenilaitoleransi menilai respons insulin sa oral. Darah vena diambil sebelum dan 2 jam setelah pembebanan
glukosa untuk menentu beberapa perbedaan yang bermakia antara anak penderita
DMTTI dan kontrol' Pa mengidap toieransi glukosa'rcrjanggu (TGT), sedang paàa kontrol
hanya l kasus. Untukm l, anakpeideita linyang

0.5 asma lebihtinggi DMTTI
bah rinsulinemia dan resistensi insulin merupakan kelainan metabolik
rila donesia.
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Non-Insulin-Dependent Diabetes Mellitus (NIDDM)
constitutes about 85Vo of all cases of diabetes world-
wide and is associated with an enormous amount of
morbidity and mortality resulting from microvascular
and macrovascular compli :ationi. l'2
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The high incidence of NIDDM among first-degree
relatives of NIDDM patients and high concordance in
identical twins provide evidence that the role of genetic
component in the development of NIDDM is very
strong.' The disease is characterized by defect in
pancreatic beta cell function and the resistance of the
tissues to the action of insulin. 2

NIDDM is diagnosed in the normal offspring of
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diabetic parents, insqlin resistance and hyperin-
sulinemia are already present.4 Apparently, both in-
sulin resistance and impaired insulin secretion are

necessary of the development of the disease.s

The purpose of this study is to identify early metabolic
defects in the first-degree relatives of patients with
NIDDM in Indonesia, which may be useful in the

strategies for the prevention of NIDDM.

METHOD

Fifty-five healthy first-degree relatives of patients with
NIDDM and 55 healthy control subjects with no family
history of NIDDM, matched for age, gender and body
mass index participated in this study. At the time of
recruitment, no relatives or control subjects had a

disease or received medications known to affect
glucose metabolism.

Oral Glucose Tolerance Test

A 75 gram oral glucose tolerance test was performed
to assess glucose tolerance and to measure the insulin
response to oral glucose. After a 12 hour overnight fast,

all subjects were given a 75-g oral glucose load.
Venous blood samples were taken before and 120

minutes after the glucose was administered for deter-

mination of plasma glucose and serum insulin con-
centrations.

Diagnosis of impaired glucose tolerance (IGT) was

established if the fasting plasma glucose (FPG) was
< 140 mg/dl and plasma glucose 2 hours after glucose

load (2-h PG) ranged between 140-200 mg/dl. NIDDM
was diagnosed if FPG was > 140 mg/dl or 2-h PG was
> 200 mgldl.s Insulin resistance as stated by Berson
and Yalow is defined as a state of a body in which
greater-than-normal amounts of insulin are required to
éti"it u quantitatively normal ,"rponr.6 It was deter-

mined by the method of Yalow and Berson with
modification. The ratios of plasma insulin and plasma
glucose (fasting VG, 2 hours VG, total VG ratio) were
calculated in each group and was interpreted as the
higher the ratio the greater the insulin resistance.T

Assays and Statistical Analysis

Plasma glucose was assayed with a glucose oxidase
method (GOD PAP). The plasma insulin concentration
was measured using DPC reagents Coat-A-Count ac-

cording to standard Radioimmunoassay procedureS
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performed by Immunoendocrinology Laboratory,
School of Medicine, University of Indonesia, WHO
Laboratory no. 104 for Matched Reagent Programme
and no. 2l Zone B for External Quality Control.

All data were expressed as mean + SD. All statistical
analysis were performed by using SPSS for windows.
Linear regression analysis was used to estimate the

required insulin amounts to elicit normal glucose
levels at 2 hours after glucose ingestion. Independent
t-test was used to test the differences between two
means.

RESULTS

A total of 110 persons were studied : 55 first degree

relatives of patients with NIDDM and 55 healthy con-
trol subjects with no family history of NIDDM.

The age, the body mass index (BMI), the number of
male and female subjects were similar in both groups
(Table 1).

Table 1. Characteristics of the Study Subjects

Characteristics Relatives of Control subjects
NIDDM patients

No. subjects

Gender
Age (years)

BMI

55

l7M,38F
31.6+10.4
23.8+3.8

55

l7M,38F
31.6+9.9
22.5+3.9

I
I

0.9
0-08

Among the metabolic characteristics that were studied,
there were several differences between the groups
(Table 2).

Table 2. Results of Oral Glucose Tolerance Test

Relativesofpatients Control
with NIDDM subjects

Impaired glucose tolerance
Fasting plasma glucose*)

2 hour plasma glucose

Fasting plasma insulin**)
2 hour plasma insulin

7l
85.1+11.4 79.4110.5
rM.5+27.9 95.9È18.2
t3.2+6.4 9.}}5.1
84.6163 48.9+52

0.03
0_007

o.02
0.004
0.0001

*) Plasma glucose in mg/dl **) Plasma insulin in mU/L

The relatives of patients with NIDDM had higher tGT
cases than the control subjects ( 7 cases.vs 1 case), and
they had also higher FPG and 2-h PG.
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th normal glucose
glucose and plas-
bjects (Table 3).

By calculating the ratio of plasma insulin and plasma
glucose in each group, it was found that to maintain a
normal plasma glucose level, higher plasma insulin con-
centration was needed by the relatives with NGT than
by control subjects (fasting VG was 0.16 vs 0.l2,2hour
VG was 0.8 vs 0.48, and total VG was 0.5 vs 0.3).

This greater insulin requirement was caused by the
presence ofinsulin resistance in this group. (Figure l).
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The relatives of NIDDM patients with NGT had 2 hour
plasma insulin and plasma glucose levels higher than
those observed in the control subjects. By linearregres_
sion analysis the need of insulin amounts to elicit
normal glucose levels could be quantified (Fe level the
amount of the insulin requirement was gg,56 mU/I in
the relatives with NGT and 51 mU/I in the control
subjects. While at I I 5 mg/dl it was 9l ,6 mU/I and 66
mU/I respectively. Thus there is insulin resistance in
the relatives of NIDDM patients with NGT.

Table 3' Comparison of plasma glucose and insulin level in the lirst degree relatives of patients with NIDDM and control
subjects based on glucose tolerance

Item
normal glucose tolerance impaired glucose tolerance

relatives control relatives

Fasting plasma glucose*)

2 hour plasma glucose

Fasting plasma insulin**)

2 hour plasma insulin

83.3+10

98.4+15

l3.lt6
82+64.6

79+11

93.8+16

9.8+5.2

47.5+51.9

0.0

0. l4
0.004

0.002

396.7+14

162.1+3

14.7+6

115.5+42

79

164

11.8

57.7

0.2

0.5

0.5

0.3

*) Plasma glucose in mg/dl

Insulin/glucose

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

**) Plasma insulin in mU/L

ratio

Figure I. The ratio of plasma insulin and plnsma
glucose in relatiyes of NIDDM patients with normal
glucose tolerance and in control subjects.
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Figure 2. Two hour plasma insulin level as a fuction of 2 hour glucose level in the relatives of NIDDM patients with normal glucose

toierance (a) andthe control subjects (b). Line (a) : y - 22,56 + 0,6(glucose) andline (b): y = -49+1(glucose) represent the regres-

sion slope of 2 hour insulin against 2 hour glucose levels.
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Fasting plasma insulin in the relatives of pationts with
NIDDM was significantly higher than in the control
subjects (13.5!6.4 vs 9.75 mU/I, p=Q.Q01). As the

age, BMI and gender were ovenly matched between the

two groups, this hyperinsulinemic difference can be

regarded as a result of metabolic defects in the rela-
tives of patients with NIDDM.

Likewise as shown in Figure 3, the insulin level 2 hours

after glucose load was significantly higher in the rela-
tives of patients with NIDDM than in control subjects
(86.9 t 62.7 vs 47 ! 51.2 mU/I, p=Q.Q0002).

mun

concentration is the overwhelming -risk factor long
before the occurrence of the disease.)'6

Saad et al8 reported that 257o of the IGT subjects

developed NIDDM at 5 years and66Vo at 10 years. In
this study there were 7 cases of IGT in the relatives of
NIDDM patients and 1 in the control subjects. Their
baseline data were shown in Table 4. It was clear that
IGT in the relatives of NIDDM patients was not age or
BMI dependent. These IGT cases have a risk of
developing NIDDM.

Table 4. Baseline data of the Impaired Glucose Tolerance
subjects

Relatives

age
(year)

age
(year)

No

90
gt
70

60
flt
tO

3tt

m
10

0

gender BMI"
(kg/m')

gender BMI ,
(ke/m")

I
2

J

4

5

6
,1

17

JJ

34

43

44

48

60

male 21.8

female 22

male 24.6

male 31.25

male 31.2

female 22.9

female 26.6

5l female 24.2

Fasting
lnsrlin

Two-
hour

lnsrlin

Figure 3. Comparison of fasting plasma insulin and 2 hour
plasma insulin between fi.rst degree relatives of patients with
NIDDM and control subjects.

DISCUSSION

Longitudinal studies of the development of NIDDM
reported in the literature revealed that plasma glucose

In the study of Warram,4 the 2 hour blood glucose

value was a determinant factor for the development of
type II diabetes mellitus (relative risk = 3.5). He fol-
lowed up 155 offspring ofdiabetic parents for 13 years

and found I6Vo (25 subjects) of them developed type

Two hour glucose (nUrdl)
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lI diabetes. Those subjects who later became diabetes
had at the initial visit higher 2-h PG values than did the
others (5.7 + 0.5 mM blood glucose =102.9-120.8
mg/dl plasma glucose). In the current study there were
13 subjects in the first degree relatives of patients wittr
NIDDM who had 2-h PG higher than 120.8 mgldl.
Based on the finding of Warram, those 13 subjects
have a great risk to develop NIDDM.

In this study hyperinsulinemia was obviously found in
the first-degree relatives of patient with NIDDM be-
cause their fasting as well as 2 hours plasma insulin
were higher compared to control subjects. The same

result was found by Erickson,s HaffnerT and Warram.4
As there is no beta cell dysfunction in the relatives with
NGT and IGT, the presence of hyperinsulinemia in
these groups can also be regarded as a reflection of
insulin resistance.2

Insulin resistance is defined as a state of a body in
which greater-than-normal amounts of insulin are re-
quired to elicit a quantitatively normal response. This
definition applies to both insulin-treated diabetic
patients and to those individuals in whom glucose
tolerance is normal or near normal as a result of com-
pensatory hyperinsulinemia. 6'9 It is clear that insulin
plays a greater role and is a dependent factor in the
definition of insulin resistance state. In this study the
insulin resistance was determined by the method of
Yalow and Berson with modification. The ratio of
insulin and glucose ( VG ratio ) was calculated instead
of G/I ratio and was interpreted as the higher the ratio
the greater the insulin resistance.6 The relatives of
NIDDM patients with normal glucose tolerance (NGT)
had higher plasma glucose and plasma insulin levels
than the control subjects (Figure 4). The ratios of
insulin and glucose consistently showed that the rela-
tives of NIDDM patients had higher VG ratio which
meant they needed more insulin to maintain a normal
glucose level. So it may be presumed that this group
has insulin resistance.

The relatives of NIDDM patients with NGT had 2 hour
plasma insulin and plasma glucose levels higher than
in the control subjects (Figure 4). As the plasma
glucose levels were nearly equal after glucose inges-
tion in both groups, while the resultant insulin con-
centrations were greater in the relatives of NIDDM
patients with NGT then according to the definition this
group was presumed to have insulin resistance. By
linear regression analysis this insulin resistance could
be quantified (Figure 2).
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Figure 4. The comparison of fasting and 2-hour plasma
insulin, fasting and 2-hour plasma glucose in relatives of
NIDDM patients with normal glucose tolerance and in control
subjects.

Various methods of measuring insulin action in-vivo
have been proposed. In this study the insulin resistance
was determined indirectly by using the modified
Yalow-Berson method and linear regression analysis.
The gold standard for insulin resistance determination
is euglycemic clamp technique in which insulin is
infused systemically and plasma glucose is main-
tained constant by exogenous glucose infusion.
Glucose is clamped at euglycemia level. Glucose in-
fusion rate equals sum of decrease in hepatic glucose
release and increase in glucose uptake.rJ By this
method, Ndraha found higher insulin resistance in the
overweight Indonesian NIDDM subjects and there was
a significant correlation between BMI and fasting in-
sulii Ievel.14

In summary, this study shows that IGT, hyperin-
sulinemia and insulin resistance are important early
metabolic defects among first-degree relatives of
patients with NIDDM in Indonesia. Those IGT sub-
jects and the relatives with NGT who have 2h-PG
higher than 120.8 mg/dl are at increased risk of
developing diabetes and should have NIDDM preven-
tion program to decrease insulin resistance, to promote
and sustain pancreatic beta cell function (e.g. by
programs of obesity reduction and the promotion of
physical activity).'
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