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Summary :

One hundred newlydiagnosed IGTand type 2 diabetic subjects both normotensive
and hypertensive and of age between 40-55 years were studied by oral glucose
stimulation. Serum insulin concentrations were measured inthe fasting and at30,60 and
120 minutes after glucose administration. Postglucose serum insulin responses were
found to be significantly higher in the hypertensive subjects with FPG<7.8 mmolll

(p<0.05 at 30,60 and 120 minutes) as compared with the corresponding values of the
normotensive subjects with comparable fasting hyperglycemia. Nosignificant difference
in insulin responses between hypertensive and normotensive subjects was found in
those with FPG >7.8 mmolll. A positive correlation was observed between diastolic
blood pressure and 2 hour postglucose serum insulin concentration in those with FPG
<7.8 mmolll (P<.05). The results suggested that hyperinsulinemia is a feature of
hypertensive subjects with mild glucose intolerance and -not of those with severe

glucose intolerance. The absence of elevated insulin response in hypertensive subjects
with advanced type 2 diabetes might be due to severe 8 cell decompensation. Itappears
that insulin resistance is somehow associated with essential hypertension and
hyperinsulinemia is not necessary for the maintenance of raised blood pressure.

Introduction :

Recent studies have shown that

hypertension, dyslipidemia, atherosclerosis,
type 2 diabetes and obesity all are
associated with hyperinsulinemia 1-4.
Hyperinsulinemia has also been considered
as an important risk factor for coronary artery
disease (CAD)5-9.

Insulin resistance at the receptor level
is an important cause of hyperinsulinemia. In
nondiabetic subjects insulin resistance and
hyperinsulinemia often coexist2-4. The

diseases associated with hyperinsulinemia
also tend to occur together2-4. Because of

their close relations insulin resistance,

hypertension, decreased high density
lipoprotein (HDL) and increased low density
lipoprotein (LDL) are collectively known as
the syndrome "X"1.

Welborn et al10 were among the first
who demonstrated the association of

hyperinsulinemia and hypertension. This
earliest report conforms well to the recent

works done by Ferrannini et ai, Bonora et al

and others11-15. Using glucose clamp
technique Ferrannini et al4 demonstrated
that hypertensivesubjectsare insulinresistant

as well as hyperinsulinemic. Although the
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The present study was undertaken to find out
how insulin level is related to hypertension in
IGT and type 2 diabetic subjects.

Subjects and Methods :
One hundred newly diagnosed IGT

and type 2 diabetic subjects of age 40-45
years, both male and female and with BMI
18-26 Kg M-2 attending the outpatient
department of Bangladesh I.nstitute of

In IGT and type 2 diabetic subjects the Research and Rehabilitation in Diabetes,
insulin levels during fasting and following Endocrine and Metabolic Disorders

glucose stimulation varies widely depending (BIRDEM) constituted the study popui"ation.
on the severity of diabetes. Inthese subjects Among these 51 had untreated hypertension
different levels of serum insulin are present / and 49 were normotensives. Diagnosis of
for a longer period of ti~e and this ~ay be IGTandtype 2diabetes were doneaccording'
used to study the chronic effects of different to WHO criteria (Technical Report Series
conce~~rationsof ins~lin ~nhuman sUbject~. No. 727, 1985).
In addition hypertension ISmore common In
IGT&type2diabeticsubjects17-20.Thecause
of increased prevalence of hypertension in
glucose intolerant subjects have not yet
been clearly explained. However, it may be
dueto hyperinsulinemiaor insulin resistance
or both.

above studies relates hyperinsulinemia with
essential hypertension, Saad et al16 in his
study in Pima Indians could not demonstrate
any significant role of hyperinsulinemia in the
etiology of essential hypertension. From
these reports it is apparent that association
of serum insulin level with hypertension is not
universal. Rather it varies in the populationof
different ethnic origin and clinical entities.

Most of the studies regarding the
relations between hyperinsulinemia and
fiypertension did not include glucose
intolerant subjects despite their special
importancesas have beenmentionedabove.

The subjects were divided intc vo
groups according to their fasting plasma
glucose (FPG) levels, one with FPG<7.8
mmol/l (n=63) and the other with FPG~7.8
mmol/l (n=37). Each group was again
subdivided into hypertensive group with
diastolic b.p. ~90 mmHg and normotensive
group with diastolic b.p <90 mmHg. Isolated
systolic hypertensives were not included.
The clinical characteristics of the subjects
are shown in table - 1&11.

Table -I: Clinical Characteristics of the subjects with FPG<7.8 mmol/I

Hypertensive Normotensive
(n=30) (n=33)

M=14,F=16 M=15,F=18

24.12f:1.41 23.75f:1.49

46.61f:4.57 42.85 f:4.11
139.76f:3.30 118.61f;1.74

99.42 f:0.79 78.19f: 1.05

6.39 f: 0.16 6.26 f:0.19

Sex

BMI (Kg M-2)

Age (year)

Systolic b.p (mmHg)

Diastolic b.p. (mmHg)
FPG (mmol/l)

BMI = body mass index, b.p. = blood pressure, FPG = fasting plasma glucose
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Table -II : Clinical characteristics of the subjects with FPG'~ 7.8 mmol/I.

Sex

BMI (Kg M-2)
Age (year)
Systolic b.p (mmHg)
Diastolic b.p. (mmHg)
FPG (mmol/I)

Hypertensive
(n=21)

M=11, F=10
23.14:t1.466
46.46:t5.07
140.86:t 2.19
100.33 :to.77
8.57..:t0.23

Normotensive

(n=16)

M=7, F=9
23.41:t1.57
44.46 :t4.50
121.57:t1.48
77.10:t 1.02
8.43 :to.27

The results are expressed as Mean :!:.SOfor 8MI and age and as Mean:!:.SEMfor others.
8MI = body mass index, b.p. = blood pressure, FPG = fasting plasma glucose.

An informed written consent for this

study was taken from each subject. After
primary selection each subject was
interviewed, and appropriate clinical and
laboratoryexaminationsweredonetoexclude
the subjects with any major disease other
than hypertension and glucose intolerance.
Patients with secondary hypertension were
also excluded.

After final selection each subject was
advised to take a diet containing at least 250
gm of carbohydrate daily for 3 days before
collection of blood samples. An oral glucose
tolerance test (OGTT) was done oneach the
subject with 75 gm glucose supplied in
package by BIRDEM Biochemistry
Laboratory. Bloodpressures were measured
on 3 occasions at intervals of 7 days before
collecting blood samples and their averages
were taken. Phase IV (muffling of the
Korotkoff's sound) pressure was ta~enas the
diastolic pressure.

During OGTT blood samples were
collected from the antecubital vein in the

. fasting, and 30, 60 & 120 minutes after glucose

administration. Blood samples were collected

in fluoride test tubes for the estimation of

plasma glucose level and in plain test tubes
for collecting serum for radioimmunoassay
(RIA) of ins,ulin.

Serum samples for insulin were
preserved at -400C until measurement was
done.

Laboratory Methods: Plasmaglucose
level was measured by Technicon
autoanalyzer (Ireland)using glucose oxidase
method.

RIA of Insulin: RIA of insulin was done

in BIRDEM Endocrinology Laboratory by the
method developed by Khan et a121.Insulin
antibody used in this method was prepared
by inoculating Guinea pig with pork insulin
(Actrapid, Novo).1251 labelled insulin was
preparedbychloramin-T method.Separation
of bound and free hormone was done by
dextrin-coated charcoal. The coefficient of

intrassayand interassayvarationswere4.6%
and 15.88% respectively at 95% confidence
level. The results produced by this method
were consistent with those measured by a
second antibody method (p>0.8)21.
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Statistical Methods : Results are

~xpressedas Mean.:tSEMunless otherwise
;tated. For comparison of the data between
he groups Student's unpaired "t" test22was
Jsed.Pearson'scorrelationco-efficient22was

Jsedfordeterminingthecorrelationsbetween
he variables.

~esults :

The insulin responses of the
,ypertensiveandnormotensivesubjectshave
)een shown in Fig.-1 & 2. Hypertensive
;ubjects with FPG<7.8 mmol/I had
;ignificantly higher plasma insulin responses
:lfter glucose stimulation as compared with
he similar values of normotensive subjects
Nith comparable fasting glycemia (Fig-1,
)<0.05). However, no significant difference
n insulin responses between hypertensive
md normatensive group was found in those

Fig-1 : Serum insulin response of
fJypertensive (!J.) and normotensive ( 0 )
5ubjects with FPG<7.8 mmol/I. *=p<.Ob

August 1995

with FPG~7.8 mmol/I(Fig. -2). To find outt ~

insulin secretory capacities of the subjects
subgroup analysis was done after dividing all
the subjects according to their fasting
hyperglycemia Le., FPG<6.5, 6.5 - 7.7, 7.8-
9.0, and 9.1-10 mmol/I. Fasting and 2 hour
post-glucose serum insl'lin and
corresponding insulin/glucose (I/G) ratios
weredeterminedineachgroupandcompared
with each other. Itwas found that fasting and
2 hour post glucose serum insulin and I/G
ratios decreased almost abruptly as the
fasting plasma glucose exceeded 7.8
mmol/I (Table -III). Postglucose insulin levels
and I/G ratios in the fasting and after glucose

stimulation were significantly lower in the

groups with FPG~7.8 mmol/I when com-

pared with any of the two groups with FPG<7.8

mmol/I (p<0.001).

Fig-2' Seruminsulin response of hyperten-
siv~ (!J.) and normotensive (0) subjects
with FPG ?7.8 mml/I.
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Table - "': Fastingand 2 hourpostglucose serum insulin concentration and insulin/glucose
ratios of different subgroups.

Subgroup
FPG

(mmol/l)

~asting
Plasma

glucose
(mmol/l)

I/G ratioSerum
insulin

(~U/ml)

2 hour postglucose
Serum Plasma JIGratio

insulin glucose
(~U/ml) (mmol/l)

<6.5 12.291:1.17 5.781:0.07 *2.121:0.191 *66.851:6.20 10.541:0.53 *7.221:0.69
(n=31 )

6.5-7.7 10.771:0.99 7.061:0.07 *1.531:0.141 *72.421:6.9011.781:0.51 *6.731:0.71
(n=32)

7.8-9.0 9.781:0.96 8.561:0.09 1.141:0.11I 46.831:4.70 17.681:0.98 2.871:0.34
(n=18)

9.1-10.0 8.791:1.22 9.911:0.05 0.671:0.11 148.391:7.14 19.161:1.04 3.321:0.51
(n=19)

The results are expressed as mean:t.SEM, FPG=fasting plasma glucose. I=insulin, G=glucose

*=p<.001 as compared with any of the two groups with FPG~7.8 mmolll.

Correlation studies of systolic and
diastolic blood pressures with fasting and 2
hour postglucos.e serum insulin
concentrations were done separately in the
two groups and are shown in Tables-IV

and V. It was found that 2 hour postglucose
insulin concentrations had significant
correlation (p<.05) with diastolic blood
pressure only in those with FPG less than 7.8
mmol/I.

FPG (mmol/I)

Table -IV: Correlations of fasting serum insulin concentrations and systolic and diastolic b.p.

<7.8 (n=63)
~7.8 (n=37)

b.p. = blood pressure, FPG = fasting plasma glucose.

Table - V: Correlations of 2 hour post glucose serum insulin concentrations and systolic
and diastolic b.p.

FPG (mmol/I) Diastolic b.p.
Correlation '. p value
coefficient (r)
0.26
0.064

<7.8 (n=68)
~7.8 (n=37)

<.05

:>.20

Systolic b.p..
Correlation
coefficient (r)
0.123
-0.064

p value

>.20
>.20

b.p. = blood pressure, FPG = fasting plasma glucose.
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Discussion:

Higher insulin response following
glucose stimulation as has been found in our
study in those with FPG <7.8 mmol/l conform
well to the findings of other workers4,10,13.
However, most of the above studies were

done in subjects with normal glucose
tolerance and it was proposed that elevated
insulin response found in essential
hypertensive was the consequence of insulin
resistance. In nondiabetic subjects with
normal B-cell function insulin resistance

invariably gives rise to compensatory
hyperinsulinemia and hyperisulinemia is
almost always due to insulin resistance 14-16.

Our study differs from those in that we
studied IGT and type 2 diabetic subjects
with various degrees of B-cell
decompensation. The decompensation was
more marked in those with FPG~7.8 mmol/l

as has been found in our study (Table -III).

The elevated insulin response in

hypertensive subjects with FPG <7.8
mmol/l can be compared with similar
studies done on hypertensive nondiabetic
subjects10,11,13,25, because B-cell
decompensation in this group was not so
severe (Table - III).In those with FPG ~7.8
mmol/l marked impairment of B-cell function
may be responsible for no significant
difference in insulin response between

hypertensiveand normotensivegroups. Lack
of correlation between blood pressures and
insulin concentrations in advanced diabetics

(FPG~7.8 mmoVI) in our study may also be
attributed to B-cell decompensation.

Though insulin resistance and its
consequent hyperinsulinemia both occur

August 1995

together in nondiabetic and mild glucose
intolerant subjects, it is not settled which
one is primarily related to essential
hypertension.

In our study advanced diabetic
hypertensives did not show elevated insulin
response implying that insulin level is not
essentialforthe maintenanceofpypertension.
However, there is a strong suspicion that
hypertensive type 2 diabetic subjects may
have more insulin resistance than the

normotensives because hyperinsulinemia is

not the invariable consequence of insuli!"'
resistance in advanced diabetic subjects
with markedB-celldecompensation.Whether
hypertensive glucose intolerant subjects are
more insulin resistant needs further

studies. One such study done by Laakso et
al28by glucose clamp technique has shown
similar findings. Further studies are needed
to prove this hypothesis conclusively.
Although hyperinsulinemia has been
repeatedly documented in hypertensive
subjects 10-15,23-26, Saad et aP 6, Brien et al29
and Sawacki et al30could not demonstrate

any significant relationship between
hyperinsulinemia and hypertension

It appears that insulin resistance
rather than hyperinsulinemia is more
consistently associated with essential
hypertension and increased prevalence of
hypertension in glucose intolerant subject is
not due to hyperinsulinemia.

It is probable that insulin resistance
and hypertesion are linked genetically33-35.
There may be a gene for insulin resistance
that manifests variously in different
individuals as hypertension, glucose
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intolerane and other conditions either
separatelyor incombination.Weidmanet al
demonstratedthat normotensiveoffsprings
of hypertensiveparents have significantly
lowinsulin mediated glucose disposal
rates normotensivessuggestinga genetic
association between hypertension and insulin
resistance37.

Many studies explained the
hyertensive effect of insulin resistance in
terms of the effects of hyperinsulinemia37-
45. Almost all these studies observed the

effect of hyperinsulinemia for a short period
of time and demonstrated increased
sympathoadrenalactivity,increased renal
tubularNa+reabsorptionandothereffectsof
hyperinsulinemia that may produce
hypertension.Hallet al foundthat chronic
elevation of plasma insulin level inconscious
dogs has no signicant effect on
hypertension46. So additional factors besides
hyperinsulinemia may be responsible for the

maintenance of hypertension in insulin
resistant states. Factors that produce and
maintain hypertension in insulin resistance
need further studies.

The present study shows that
hyperinsulinemia by itself is not necessary
for the maintenance of hypertension and
doesnotaccountforthe increasedprevalence
of hypertensioninglucose intolerantsubjects.
It suggest that insulin resistance rather than.
hyperinsulinemia is more consistently
associated with hypertension and may be
responsible for increased prevalence of
hypertension in diabetic subjects.
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