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Abstract: Insulin sensitivity was measured by insulin tolerance test
using ~TT as an index of insulin mediated glucose metabolism in
9 non-obese healthy offspring of conjugal diabetic parents (OCDP) and
9 non-obese NIDDM patients. The mean K m value in the offspring of
conjugal diabetic parents was 3.85 :±: 1.64 min· t x 100 which was lower
(P < 0.05) than the value of 5.49 ± 1.9 min· t x 100 in the control
subjects. While, the mean K

1TT
value in NIDDM patients was 1.85 ±

0.9 min'! x 100 which was significantly lower (P < O.OOU than that in
the control subjects.

Estimation of plasma immunoreactive insulin (lRI) and C-peptide
in these subjects and in subjects with impaired glucose tolerance
(lGT) showed significantly higher levels of insulin than that in the
control subjects but there was no corresponding increase in the
C-peptide levels. The mean area under the insulin curve (IRJ) was
242 ± 69 !-lU/ml in the control subjects versus 527 ± 206 llU/ml in
IGT (P < O.OOU, 648 ± 215 flU/ml in NIDDM (P < 0.001) and 466 ±

130 !-lU/ml in OCDP (P < o.oon
These results suggest that U healthy offspring of two type II

diabetic parents have decreased insulin sensitivity and insulin
resistance is present in all the NIDDM patients, 2) peripheral
hyperinsulinism is a common feature in healthy offspring of conjugal
diabetic parents, and in subjects with IGT and mild NIDDM and this
hyperinsulinism is not due to increased B-Cel! secretion but due to
some metabolic alterations of insulin occuring at the extra pancreatic
levels.
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INTRODUCTION

It is now clear that simple insulin deficiency
does not entirely account for the diabetic
syndrome, in patients with Non insulin
dependent diabetes mellitus (NIDDM), because
insulin deficiency does not exist in many
patients with NIDDM (1). Patients with mild
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insulin tolerance test
insulin resistance

diabetes will have normal or even increased
levels of plasma insulin follovvin :r an oral glucose
challenge (2). This combination of glucose
intolerance in the face of normal or
hyperinsulinemia cleariy indicates an insulin
resistant state. Insulin resistance is one of t.he
major pathogenic factors in individuals with
NIDDM and impaired glucose tolerance (IG-T).
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The pathophysiological mechanism relating the
high insulin concentration in peripheral
circulation and insulin resistance in mild glucose
intolerance has not been clearly elucidated.

The offspring of diabetic couples has long
been thought to have a high risk of developing
diabetes (3). Earlier studies have shown a high
prevalence of lype 11 diabetes among the
offspring of conjugal type II diabetic parents
(4). Healthy adult offspring of conjugal diabetic
parents are therefore ideal subjects to look for
early abnormalities of insulin sensitivity. But
there are very few reports on insulin sensitivity
in these individuals (5, 6).

This study was thus carried out to
a) evaluate the degree of insulin resistance in
the healthy offspring of diabetic couples,
individuals with lOT and NIDOM and b) to
assess whether the associated hyperinsulinism
is pancreatic in origin or due to metabolic
alterations occuring in the periphery. To obviate
the effect on obesity on beta cell function, only
non-obese individuals were selected for t.his
study.

METHODS

Nine healthy offspring of conjugal diabetic
parents (OCDP), twelve individuals with IGT
and nine NIDDM patients (with 2 hr plasma
glucose 200-250 mg/dl) were selected for this
study. The individuals were classified into TGT
and NlDDM, according to the WHO Expert
Committee criteria (7), after an oral Glucose
tolerance test (OTT) with 75 gm glucose. The
clinical details of the study subjects are given
in Table 1. Plasma glucose was estimated by
Ortho-toluidine method (8). Plasma samples
were collected in EDTA, in fasting and every
30 min upto 2 hrs after glucose intake for the
estimation of immunoreactive insulin URI) and
C-peptide. The samples were kept frozen at
_20°C till the assay. IRI was estimated by
radioimmuno assay procedure of Herbert et al
(9) with soine modifications. Plasma C-pcptide
was estimated by RIA method of Heding (0)
with NOVO (Denmark) C-peptide kit. e.Olucose
(n ·./dO, t.IRI (IlU/ml and e.C-peptide (pmol/mI)
values were calculated by adding the respective
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four half-hourly values obtained after glucose
intake, during the OTT.

Insulin response to glucose was assessed by
calculating the ratio of area under curve (AUC)
after glucose intake for insulin to AUC for
glucose (JIG ratio).

TABLE I: Clinical details of the study groups.

Croup S,. Ag, Durotion !Jody mass
M:F (yeors) (years) tndex(BMl)

Controls 10:5 38.91:.6 231:.1.6
lOT 10:2 39±9 1 month· 231:.2

2 years

NIDDM 7:2 37:t 9 1.6:t1 23.4 r 3
OCDP 5:4 37:t 10 23 ± 1

t.IRl mUlL

JIG ratio =

e.glucose mMIL

Insulin sensitivity was measured in the
offspring of conjugal diabetic parents, NlDDM
patients and the control subjects. They were all
of ideal body weight.

Insulin sensitivity was measured by insulin
tolerance 'test (ITT) described by Alford et al
(1) using ~TI as an index of insulin mediated
glucose metabolism, as glucose clamp technique
was not available. After an overnight fast, a
polyethylene catheter was inserted into a
forearm vein. Blood samples were drawn at
-5 min and at 0' intervals for the basal plasma
glucose estimation. The average of the two
values was taken as the basal value. Thereafter,
0.1 ~g of purified porcine insulin (Actrapid
M.C. Novo) was injected intravenous over a
period of 2 min. Blood samples were drawn at
5' intervals for 90' for estimation of glucose.
The test was terminated before 90', if
hypoglycemic symptoms occurred. The K ITT was
derived from the slope of the linear portion of
the regression line of the natural logarithm of
the glucose versus time (11). The formula used
was (2)

0.693 x 100

KI'IT = --------------~--~-.
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where tY.! represents the half life of plasma
glucose decay. The half life of plasma glucose
was obtained by plotting plasma glucose
concentrations and time on semi logarithmic
graph paper. The rate of glucose decline between
10 to 40 min interval was used as the onset of
insulin action takes 5 to 10 min. The KI'lT

values obtained were compared to that in the
normal non-obese control subjects.

MaJm wrutney-U t~st was used for statistical
analysis. Pearson's correlation test was also
done.

RESULTS

Table 11 shows the plasma glucose, InT and
C-peptide levels in the different b'TOUPS of the
study subjects.

Insulin response : Offspring of conjugal
diabetic parents (OCDP), individuals with IGT
and NlDOM showed significantly higher levels
of insulin than the control subjects (Table II).
The individual t.IRI values in all the groups are
shown in Fig. 1.

C-peptide respOnse: The mean L\C-peptide
value in the individuals with lGT was slightly
lower and in t.he acop and NIDDM, it was
slightly higher than the control value, hut the
differences were not statistically significant
<Table Il). The individual t.C-peptide values are
shown in Fig. 2. In 55% of the acop, 67% of
the individuals with rGT and 33% of NlDDM
patients, the C-peptide levels were not high,
although the corresponding IRI values were
higher than normal.

Insulin I Glucose ratios The t.IRllt.glucose
ratios in the three groups were higher than in
controls (Table II). No correlation was observed
between 2 hr plasma glucose and t.IRI in IGT
subjects and in OeDP. A negative but not
statistically significant correlation was observed
between 2 hr plasma glucose and t.lRf in
NIDDM patients, r = ~0.28, P > 0.1.

Insulin sensitivity Insulin sensitivity
measured as the glucose disposal rate (Krrr)

was significantly lower in the NIODM patients
(P < 0.00l) and also in the OeDP (P < 0.05)
compared with the control value, suggt'sting
decreased insulin sensitivity (Table III). The
Km values were low in all the NIDDM patients
and in 50% of the OCOP (Fig. 3).

DISCUSSION

Hyperinsulinemia both in the basal state
and after stimulation of the beta cell is
commonly observed in obesity (13). In non­
obese individuals. hyperinsulinism develops only
when insulin resistance sets in (14).

This study shows that the hyperinsulinemia
observed in OCDP, IGT, and mild NIODM is
not due to increased beta cell secretion as there
was no corresponding increase in C-peptide
concentration in all the three groups. So the
peripheral hyperinsulinism is probably due to
some compensatory mechanism, either at the
hepatic level or at the level of receptor mediated
enzymatic degradation of insulin. Bonora et al
(15) have reported hyperinsulinism with
low hepatic insulin extraction· and hyper
secretion of beta cells in mild glucose intolerance

TABLE II : Plasma glucose, IRI and C-peptide responses.

Pla~ma glucose mgld!
GrOllp Fa.'tlllg 6GIu.cnse tJR/ flUlml liC·p~pljde lJiRllliGlucose

pmollml

Controls (n=15) 891: 8 446 1: 38 242 ± 69 5.37 ± 0.91\ 9.8 ± 2.73

IGT(n=12J 105 :; 15 6871:78 5271: 206* 1\.31:2.4 14;1; 5.5u

NlDDM {n,,9j 111:;20 849;1; 77 6481:215- 7.21:3.8 14 :l:. 4.6'-

OCDP (n",9) 981:16 5161:73 1\66.1:130* 6.:0. 2.7 15.3 ± 4.5*

'P < 0.001: ·*P<O.05 compared with controls,
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Fig. 1: Distribution of ~IRI in OCDP, IGT and NIDDM
ubjects. The shaded block indicates the normal

range (mean ± 1 SO) for controls.

OCOP IGT OK Fig. 2: Distribution of ~C-peptide in OCDP, IGT and
NIDDM subjects. The shaded block indicates the
normal range (means ± IS D) for controls.

TABLE III: PK,T'r values.

*(P < 0.001; **p < 0.05 compared with control subjects.

and obese subjects. But, in our study, IGT
subjects showed lower or near normal beta cell
secretion which proves that the peripheral
hyperinsulinemia IS not due to increased
beta cell secretion. In these individuals, the
metabolic clearance rate of insulin might have

been altered. Most of the insulin degradation
has been demonstrated to follow hormone
receptor binding (16). Reduced binding of insulin
to its receptors is reported in mild glucose
intoleance (17). So, the hyperinsulinemia in IGT
individuals could be due to either decreased
hepatic extraction of insulin and/or decreased
number of insulin receptors, resulting In

decreased insulin binding and lowered insulin
degradation. In NIDDM patients and OCDP
subjects also the results are similar showing
that the hyperinsulinism is not due to increased
beta cell secretion, but due to alterations in the
insulin metabolism at the periphery. Coscelli
et al (18) have reported that both in normal

5.49 ± 1.9

1.85 ± 0.9*

3.85 ± 1.64**

Group

Controls

NlDDM

OCDP



Indian J Physiol Pharmacol 1996; 40(2)

12

11

10

9

8
w

I
f-

7=> • •••
Z

~ 6
~ • • • ••
f- 5f-

1• •• •:><:: •4
• •• • •

3 •

I
•

• •2 • ••
• •••

•

CONTROLS OCDP NJDDM

Fig. 3: KIT'!' values in controls, OCDP and NIDDM
patients.

weight and obese subjects with glucose
intolerance (mild and severe), the elevated
insulin levels seem to be atleast, in part, a
consequence of a decreased metabolic clearance
of the hormone. Thus these results indicate
that the high insulin concentration found in
these individuals need not be pancreatic in
origin. It could be due to mE)tabolic: alterations
at the extra pancreatic levels.

Insulin sensitivity : Peripheral insulin
resistance is ideally assessed by in vivo studies.
The euglycemic clamp technique is one of the
best methods of assessing peripheral insulin
sensitivity (19). But the insulin concentrations
required during clamp technique to achieve
steady state plasma glucose are usually much
higher than physiological concentrations of
insulin. Moreover, 300-400 ml of blood is needed
to perform the test. Compared to euglycemic
clamp teclmique, ITT is a simple procedure and
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gives equally good assessment (20). We therefore
chose to use ITT to assess peripheral insulin
resistance. None of the study subjects were
obese, thus obviating the effect on obesity on
insulin action.

The peripheral insulin resistance as
measured by the ITT is a net result of resistance
to insulin action at different sites. These sites
include the hepatic level and the target tissue
level which consists of receptor and post receptor
defects. Insulin resistance was present in all
the NIDDM patients and in 50% of the offspring
of conjugal diabetic parents, in this study. The
specific mechanisms underlying in insulin
resistant states are heterogenous. It could be
caused due to a decrease in insulin sensitivity
(receptor defect), or a decrease in responsiveness
to insulin (post receptor defect),or some
combination of both processes (21). Many have
focussed the role of insulin receptors in the
causation of peripheral insulin resistance (22).
Most recent studies show that post receptor
defects are more important than defects at the
site of receptors (23). The insulin resistance in
patients with IGT is most likely accounted for
by the decreased number of insulin receptors,
but the relation between insulin resistance and
insulin binding in NIDDM is not as simple.
Olefsky and Kolterman (2) in their insulin
binding studies did not find any correlation
between the degree of insulin resistance and
the degree of insulin binding in NIDDM
patients. This suggests that the insulin
resistance in NIDDM is related to the post
receptor defects. The presence of
hyperinsulinism and low ~TI values in many
OCDP indicate insulin resistance in these
subjets. Several studies have shown the
presence of hyperinsulinism in the offspring of
type II diabetic patients (6, 24), but very
few studies have been reported on the
measurement of insulin sensitivity in these
individuals. Johnston et al (5) reported normal
insulin sensitivity in non-diabetic offspring
of conjugal type II diabetic parents. Whereas
Leslie et al (6) have shown decreased
insulin sensitivity in the offspring of type II
diabetic patients. Recently, Ramachandran (25)
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reported decreased insulin binding to its
receptors and decreased affinity of the receptors
in both non-obese and obese OeDP subjects
with normoglycemia. Results of this study
also suggest that, there could be insulin
receptor abnormalities in OeDP which could be
the reason for insulin resistance in these
subjects.

In summary, the data presented in thjs
paper suggest that, peripheral hyperinsuljnism
observed in OGDP, individuals with IGT and
NIDDM, is not pancreatic in origin, but due to
some alterations in the insulin metabolism.
The insulin resistance measured by ITT is
present in all the NIDDM patients, and in 50%
of the OCDP.

REFERENCES
1. Reaveo GM, Bernstein R, Davis B, Olefsky ';~1, Non·

ketotic diabetes mellitus. insulin dcficiency or msulin
rcsistance. Am J Med J976; 60 : 80-8B.

2. Olefsky JM, Kolterman OG. Mechanism of insulin
resistance in obesity and non-insulin dependent
(type [/) diabetes. 10 : Diabetes mellitus, Ed. Jay. S.
Skyler, George F, Cahill. Yorke Medical Books. U.S.A.,
1981, P 73·B9.

3. Steinberg AG. Heredity in niabetes mellitus. Diabetes
1961; 10: 269-274.

4. Viswanathan M, Mohan V, Snehalatha C,
Ramachandran A. High prevall!nce of Type II (non­
insulin dependent) diabetes among the offspring of
conjugal type II diabetic parents in India. DU1.bI'lolcgia
1985; 28 : 907-910.

5. Johnston C, Ward WK, Beard JC, McKnight B, Porter
O. Islet function and insulin sensitivity in the non­
diabetic offspring of conjugal type II diabetic pareot.s,
Diabetic Med 1990; 7: 2: 119-125.

6. Leslie ROC, Ganesh A, Volkmann JP, Alberti KGMi\t
Insensitivity to insulin in offspring of non·insulin
dependent diabetic patients. Diab€tes Nutr Metab 1988;
3: 235·237.

7. WHO study group, 1985; Diabetes Mellitus. Techn Rep
Series 727; WHO; Geneva.

8. Hyvannen A, Nikkila EA. Specific determination of
blood glucose with orthotoluidine. Clin Chim Acta
1962; 7 : 140-143.

9. Herbert V, Lau ](5. Gottlieb CW, Bleicher SJ. Coated
(harcoal immunoassay of insulin. J CUll Endocrinol
MNofJ 1965; 25: 1375-1384.

10. Heding LG. Radiommunological determination of
human C-peptide in serum. Diabc/ulogia 1975; 11 :
541-548.

11. Alford FP, Martin FIR, Pearson MJ. Significance and
int..erpretation of mildly abnormal oral glucose tOlerance
test. Diabetofogia 1971; 7 : 173"IBO.

12 Lundbaek K. Intravenous glucose tolerance liS ;l tool
in definitioo anll diagnoSIS of diabetes mellitus, Bnt
Med J 1962; I : 1507-1513.

13. Rabinowitz D. Some endocrine and metabolic aspects
of obesity. Annu Reu Med 1970; 21: 241-258.

14. Reaven GM, Olefsky JM, The role of insulin resistance
in the pathogenesis of diabetes mellitus. Adv Metab
Disord 1978; 9: 313-331.

15. Bonorfl E, Zavarani 1, Coscelli C, Bulturini U.
Decreased hepatic insulin extraction in subjects
with mild glucose intolerance. Metaboli.'im 1983; 32 :
438-444.

16. Gliemann J, Sonne O. Binding and receptor mediated
degradation of insulin in adipocytes. J BioI Chern
1978; 243: 7857-7863.

17. OJefsky JM. Insulin resistance and insulin action. An
in vitro and in uiuo perspective, Dwbetes 1981,30 :
1 16-162.

18. Coscelli C, Bonora E. I3utturini U. Circulating insulin
and C-peptide aner oral glucose in situations ofgJucose
intolerence. In . Recent sdvances in ohesity and diabetes
research. Ed, Melchionda. N et ai. Raven Press, New
York, 1984; p 63·76.

19. Bergman RN, Finegood OT, Ader M, Assessment of
insulin sensitivity in uiuo. Elldocrin Reu 1985; 6 :
45·86.

20. Prato SO. Ferrannini E, Defronzo RA, Evaluation of
insulin sensitivity in man. In : Methods in diabetes
research, Vol 2. Clinical Methods, Ed. William L.
Clarke, Joseph Laroer, Stephen L. Pohl. John Wiley
and Sons, New York, 1986; 36-76.

21. Kahn C. Insulin resistsnce, insulin sensitivity and
insulin unresponsiveness, a necessary distinction.
Metabolism 1978; 27 (Supp!. 2): 1893-1902.

22. Olefsky JM. The insulin receptOr, its role in insulin
resistaoce of obesity and diebetes. Diabeus 1976;
25 : 1154-1164,

23. Crettaz M, Jeanrenand B. Post-receptor Illterations in
the slates of insulin resistance. Metabolism 1980; 29 :
467·473-

24. Haffner SM, Stern MP, Hazuda HP. Mitchell BD,
Patterson JK. Increased insulin concentrations in non­
diabetic offspring of diabetic parents, N Engl J Med
1988; 319: 1297-1301.

25. Ramachandran A. Clinical, biochemical ann hormonal
studies in offspring of conjugal lype II (NIDDM) di:'lbctic
parents in Asian Indians. Ph.D. Thesi~, Madras
University; 1987.


