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HYPERTENSION AND METABOLIC SYNDROME:
IMPACT OF CLUSTERING OF HYPERTENSION IN

SUBJECTS WITH METABOLIC SYNDROME
Sikandar Hayat Khan1, Farooq Ahmad Khan2, Amir Ijaz3,
Abdus Sattar4, Mohammad Dilawar5, Rizwan Hashim6

ABSTRACT
Objective: To compare insulin resistance between hypertensive and non-hypertensive subjects.
Methodology: It is a comparative cross-sectional study which was carried out between April 2004
to March 2006 at department of chemical pathology and endocrinology, Armed Forces Institute of
Pathology, Rawalpindi. A total of sixty-three subjects with metabolic syndrome were selected as
per the criteria of National Cholesterol Education Program, Adult Treatment Panel III (NCEP, ATP
III) from a target population diagnosed to have impaired glucose regulation at AFIP, along with
forty-seven age and sex-matched controls. Insulin resistance was calculated by the method of
HOMA-IR, using the formula of Mathew’s et al. Blood pressure was measured as per
recommendations of JNC7 report on prevention, detection, evaluation and treatment of high
blood pressure.
Results: The difference for hypertension for diastolic blood pressure between subjects with and
without metabolic syndrome were found to be significant [Metabolic syndrome: 86.79 mm of Hg
(95 % CI: 83.75-89.84), Age and sex matched controls: 80.21(95 % CI: 76.80-83.62) (p<0.05).
However the difference for systolic blood pressure were not found to be significant between the
two groups (p=0.860).Hypertensive individuals had higher HOMA-IR [(n=33): 2.87 (95 % CI: 2.37-
3.05)] than non-hypertensive [(n=30): 1.76(95 % CI: 1.53-2.05)] (p<0.05).The effect of obesity
as determined by waist circumference between patients with and without hypertension remained
significant (p=< 0.05)
Conclusion: Hypertensive individuals have higher insulin resistance than subjects without
hypertension. Thus it is recommended that vigorous search be made to diagnose insulin
resistance in subjects diagnosed to have hypertension, and to demonstrate other components of
metabolic syndrome.

KEY WORDS: Homeostasis Model Assessment for Insulin Resistance, Hypertension, Metabolic
syndrome, National cholesterol education program, Adult treatment Panel-III.
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INTRODUCTION

“Metabolic syndrome” constitute the cluster-
ing of clinical and biochemical risk factors,
which has been termed significant in the fu-
ture causation of coronary artery and stroke
related  diseases.1-3 The clinical parameters in-
cluded in the diagnostic criteria for metabolic
syndrome include the measures of obesity like
waist circumference, waist to hip ratio or body
mass index and hypertension.4 While the bio-
chemical risk factors associated with insulin
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resistance include impaired glucose regulation,
dyslipidaemias and according to some authori-
ties microalbuminurea.5,6 According to this
concept, it has been hypothesized that hyper-
tension is an important component of this syn-
drome.7,8 “Whether hypertension has under-
lying insulin resistance” is yet not completely
understood. There are four controversies to
appreciate: Firstly, hypertension like other
measures of insulin resistance syndrome has
also been termed as a distinct entity, and treat-
ment  approaches have been varying and of-
ten includes the use of drugs like thiazides as
the front line and first treatment which may
aggravate the associated metabolic components
like impaired glucose regulation and
dyslipidaemias.9,10 Secondly the rapidly ex-
panding pandemic of hypertension mostly in-
cludes subjects with essential hypertension,
where no cause is found in majority of the pa-
tients.11,12 Here insulin resistance may be the
probable reason and can become a target for
interventional strategies in future.13 Thirdly, the
relative pattern, prevalence and other
characteristics of hypertension have been
documented to have regional, racial and
social differences and thus requires locally
available data for conclusions.13-15

Lastly the clinical confusion becomes more
highlighted once the available literature search
yields varying conclusions about association of
hypertension with metabolic syndrome.15,16

Hence this study was planned to assess the
differences for insulin resistance between sub-
jects with and without hypertension.

SUBJECTS AND METHODS

This cross-sectional study was conducted at
the department of chemical pathology and en-
docrinology, Armed Forces Institute of Pathol-
ogy between April 2004 to January 2006. A
total of sixty -three subjects with metabolic syn-
drome as per NCEP, ATP III criteria were se-
lected from a target population of impaired
glucose regulation who presented for evalua-
tion at AFIP. Forty-seven age and sex-matched
controls were also included in the study. The
details of data collection procedure were as;

Firstly selection of subjects from a target popu-
lation of impaired glucose regulation (plasma
glucose fasting= 5.6 to 6.9 mmol/L or 2 hour
OGTT results between 7.8 to 11.0 mmol/L)
was carried out. These subjects were provision-
ally considered for further study. Subjects who
were receiving treatment for diabetes mellitus,
hypertension, ischaemic heart disease and any
other ailment were excluded from the study.

Finally selected individuals were asked to re-
port for sampling in medical fasting state, af-
ter brief explanation of the necessary require-
ments for medical fasting and study. On day
of reporting, formal consent was signed. This
was followed by detailed history, examination
and collection of blood for plasma glucose, trig-
lycerides and HDL-cholesterol and insulin.
Blood pressure was measured as per the guide
lines of “The Seventh Report of the Joint Na-
tional Committee on prevention, Detection,
Evaluation, and Treatment of High Blood Pres-
sure (JNC7).17 Blood pressures were measured
twice during the procedure and the mean read-
ing of the two were recorded for the study.
Plasma glucose was analyzed using GOD-PAP
method on Selectra-2. Serum triglycerides and
HDL-c were analyzed using GPO-PAP and
indirect phospho-tungstic acid method respec-
tively. All of these above methods are in accor-
dance with NCEP, ATP III specifications.
Serum insulin was measured using
chemiluminescence’s technique on Immulite
1000. HOMA-IR was used as a marker for
measuring insulin resistance and the calcula-
tions were made as per the method of
Mathew’s et al as: 18

HOMA IR =
Fasting serum insulin x Fasting plasma glucose

22.5

Statistical Analysis: All data were entered into
SPSS- version 15. Descriptive statistics in terms
of mean and SD were calculated for all demo-
graphic and biochemical details.  Independent
sample t-test was applied to measure the de-
gree of significance of systolic and diastolic
blood pressure between subjects with and
without metabolic syndrome. To know the
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effect of various confounding factors like age,
urbanization and educational status, a
univariate GLM Generalized Linear Model)
was employed keeping the diastolic blood pres-
sure as dependent variable. A p-value of <0.05
was considered as significant.

RESULTS

The clinical profiles of patients are shown in
Table-I. The diastolic and systolic blood pres-
sures were higher in subjects with metabolic
syndrome in comparison to age and sex
matched controls (p<0.05 and p=0.860); how-
ever statistical significance was not reached in
case of systolic blood pressure (Fig-1 & 2). Hy-
pertensive individuals irrespective of their in-
clusion in metabolic syndrome, were found to
have higher insulin resistance [(n=33): 2.87 (95
% CI: 2.37-3.05)] than non-hypertensive
individuals[(n=30): 1.76(95 % CI: 1.53-2.05)]
(p<0.001), as Fig-3. The general linear model
showed the effect of urbanization, sex, age and
education to be non-significant in the devel-
opment of diastolic blood pressure (Table-II).

Waist circumference was used as a marker of
obesity, which demonstrated significant differ-
ences between subjects with and without hy-
pertension (Fig-4).

DISCUSSION

The recorded blood pressures were higher in
subjects with NCEP defined metabolic syn-
drome as compared to age and sex-matched
controls. This finding suggests that hyperten-
sion is an important factor in the overall de-
velopment of the phenotype “metabolic syn-
drome”, with underlying “insulin resistances”
as an etiology. These findings are in accordance
with the works of Cordero et al and Zavaroni
et al.20,21 However reviewing the literature there
are few studies which show contrasting results
to ours. Almeida-Pititto et al have shown no
link between hypertension and metabolic syn-
drome, but this particular study was carried
out in specific cohort of “Japanese-Brazilian
women” and leptin was used as a marker of
insulin resistance which is not a direct mea-
sure of insulin resistance.15 Moreover, many

Table-I: Clinical characteristics of subjects
Parameter Healthy Controls (n=63) Metabolic Syndrome (n=47)          Significance

Mean + (95 % CI) Mean + (95 % CI)

Age (Years) 46.28(44.32-48.24) 0.103

Waist circumference(cm) 90.30(88.12-92.65) 96.10(94.21-98.01) <0.001

Diastolic blood pressure  (mm Hg) 80.21(76.80-83.62) 86.79(83.75-89.84) <0.05

Systolic blood pressure  (mm Hg) 118.6(112.37-122.87) 121.5(114.54-124.36) 0.860

Table-II: Univariate General linear model showing the regression analysis for
diastolic blood pressure as the dependent variable.

Dependent Variable: Diastolic blood pressure

     Source Type III Sum of Squares df Mean Square   F  Sig.

Corrected Model 1909.797a 6 318.30 2.160 0.053
Intercept 13004.807 1 13004.81 88.247 0.000
sex 611.060 3 203.69 1.382 0.252
age 497.741 1 497.74 3.378 0.069
education 78.244 1 78.24 0.531 0.468
urbanization 196.033 1 196.03 1.330 0.251
Error 15768.492 107 147.37
Total 823575.000 114
Corrected Total 17678.289 113

a   R Squared = 0.108 (Adjusted R Squared = 0.058)
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other studies have highlighted the role of
ethnicity, environmental and community based
difference in the development of hypertension
and insulin resistance.14

The type of hypertension most strongly
associated with insulin resistance in our study
was diastolic one; systolic blood pressure also
remained higher in subjects with metabolic
syndrome, but statistical significance was not
reached. Reasons to these differences could be
manifold. First of all, systolic and diastolic blood
pressures both signify different disease pro-
cesses leading to one common outcome i.e.,

hypertension. Diastolic blood pressures are
more representative of fluid overload state,
probably secondary to increased sodium resorp-
tion and excessive myogenic vasoconstriction
due to medullary NO production.22  While the
systolic blood pressure deals more with the
compliance of vasculature, which has also been
shown to be related with the ongoing process
of ageing.23 The higher diastolic blood pressure
may indicate early onset of changes linked to
mild fluid overload state and over the ensuing
years may convert into full blown hyperten-
sion. Secondly, the differences demonstrated
in our study can be attributed to our popula-
tion characteristics. As the body appearances
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Fig-1: Diastolic blood pressure between subject
with and without metabolic syndrome (p < 0.05)
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Fig-2: Systolic blood pressure between subjects
with and without metabolic syndrome (p=0.860)
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Fig-3: Difference in insulin resistance between
subjects with and without hypertension (p<0.001)
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Fig-4: Effect of obesity (waist circumference) on
hypertension (p<0.05)
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and frames can vary, so does the endogenous
metabolism. These types of differences have
been highlighted in many regional and west-
ern studies for both hypertension and insulin
resistance.24,25 However, detailed epidemiologi-
cal workup is required to augment this find-
ing. Thirdly, the definition of metabolic syn-
drome incorporates clustering of various other
clinical and metabolic risk factors and hyper-
tension may not be the sole performer; other
factors have their own role to play. This par-
ticular study was aimed just to show the link
between hypertension and insulin resistance;
“how much role does it have? “requires a risk
stratification and quantification            ap-
proach. Recently Macchai et al have catego-
rized each risk as per its magnitude in the over-
all development of insulin resistance.26 This
approach may become a future for metabolic
risk stratification. Fourthly systolic hyperten-
sion is usually associated with elderly popu-
lace, due to progressive decrease in compliance
of blood vessels. The age range in our study
was between 41 to 47 years, while most of the
studies showing higher day time systolic blood
pressures were carried out in comparatively
elderly subjects.27,28 Moreover, there are stud-
ies available in literature which have shown
positive correlation between age and systolic
blood pressure.29 Lastly there are few recent
studies which have shown day time diastolic
blood pressures to be superior to systolic blood
pressures in terms of its correlation with insu-
lin resistance.30

There are few limitations to our study: the
sample mainly constituted an urbanized popu-
lation, so a real contrast between urbanized
and non-urbanized population can not be
made. However sedentary life styles and in-
take of refined dietary products have also been
shown to contribute in the development of both
hypertension and insulin resistance.31 So ur-
banization has to go hand on hand with insu-
lin resistance and hypertension. Secondly, type-
II errors may remain a possibility that some of
the significance between the samples may have
been missed like for systolic blood pressure; but
as per statistical recommendations a sample
size of thirty is fair enough to prove or disap-

prove a hypothesis. Lastly there are several
strategies to diagnose insulin resistance, NCEP,
ATP III criteria remains most “in use” method.
The concept of 24 hour blood pressure moni-
toring may appear a better determinant of hy-
pertension;32 however neither the JNC-7 rec-
ommendations suggest, nor the present clini-
cal practice has adopted this method of identi-
fying hypertension.

The study may have enormous clinical im-
plications. Out of all the metabolic diseases, hy-
pertension is one of those entities where more
than 90 % patients don’t have a specific etio-
pathogenetic mechanism and labeled as “es-
sential”. Insulin resistance as shown by our
study may become a future target for not only
diagnosis but may also establish itself as an
area for intervention and monitoring. Thus
every effort must be made to measure insulin
resistance and identify other metabolic cluster-
ing in subjects diagnosed to have hypertension.

CONCLUSIONS

Hypertensive individuals have higher insu-
lin resistance than subjects without hyperten-
sion. Thus it is recommended that vigorous
search be made to diagnose insulin resistance
in subjects diagnosed to have hypertension and
to demonstrate other components of metabolic
syndrome. Moreover, further clinical, epide-
miological and physiological workup is neces-
sary to characterize various pathogenetic
mechanisms involved in the development of
hypertension in our society.
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