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ABSTRACT

Background of Study: Previous studies observed insulin resistance in the hypertensive population.
However, evidence-based studies of insulin resistance in prehypertension are scant.

Aim: Our study aimed at determining the presence of insulin resistance and its correlation with
blood pressure in prehypertensive adults.

Materials and Methods: This was a case-control study involving randomly selected 70 healthy
adults in Makurdi, Nigeria. Anthropometric parameters and metabolic markers of insulin resistance
(fasting plasma glucose (FPG), homeostasis model assessment of insulin resistance [HOMA-IR],
fasting serum insulin [FSI], triglycerides [TGs], triglyceride/high density lipoprotein cholesterol [HDL-
C] ratio [TG/HDL-C]) in apparently healthy adults were measured. The metabolic markers of IR in 35
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prehypertensives were compared with anthropometrically matched 35 normotensive controls using
the student’s t-test. Associations of blood pressure (systolic-SBP and diastolic-DBP) with metabolic
markers of insulin resistance in prehypertensives and normotensives were determined using

Pearson correlation analysis.

Results: A significantly elevated (P<0.05) SBP, DBP, FSI, and HOMA-IR was observed in
prehypertensives compared to matched normotensive controls. A significant positive correlation
(P<0.01) was observed between SBP and insulin (r=0.762), HOMA-IR (r=0.756), TGs (r=0.586),
TG/HDL-C (r=0.499); DBP and insulin (r=0.659), HOMA-IR (r=0.634), TGs (r=0.469), TG/HDL-C
(r=0.469) in prehypertensives. In normotensives, a significant positive correlation (P<0.05) was
observed between DBP and TGs (r=0.371), TG/HDL-C (r=0.376); age (r=0.372), BMI (r=0.523), WC

(r=0.338).

Conclusion: Our study shows that insulin resistance is associated with elevated blood pressure
and could mediate the progression of normotension through prehypertension to hypertension.
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1. INTRODUCTION

Insulin resistance is classically defined as
decreased sensitivity or responsiveness of tissue
cells to the metabolic actions of insulin [1]. Insulin
resistance accompanied with compensatory
hyperinsulinemia is a component and common
pathway for other symptoms of the metabolic
syndrome [1]. The Impaired sensitivity of
cardiovascular tissues to insulin is linked with
cardiovascular diseases and the development of
hypertension [2].

Three different categories of blood pressure have
been described by the seventh report of the Joint
National Committee on Prevention, Detection,
Evaluation, and Treatment (JNC 7) of high blood
pressure [3]. These include; normotension when
the systolic and diastolic blood pressure (BP) is
<120 and <80 mm Hg respectively;
prehypertension when systolic BP is 120 to
139 mm Hg or diastolic BP is 80 to 89 mm
Hg; and hypertension systolic BP is 2140, or
diastolic BP is >90 mm Hg. Recently, America’s
JCN-8 proposed a new classification of high
blood pressure [4]. This new guideline sub-
divides the widely acceptable JNC-7
prehypertension into; raised blood pressure (as
persons with systolic BP between 120-129
mmHg and diastolic BP less than 80 mmHg) and
Stage 1- hypertension (systolic between 130-139
or diastolic between 80-89). Hypertension
according to JCN-7 guideline is renamed stage 2
hypertension and the definition of normotension
maintained. Data analysed from 30 958 US
adults =20 years of age who participated in the
National Health and Nutriton Examination
Surveys between 1999 and 2012, put the
prevalence of prehypertension as 28.2% [5]. This
survey further showed that prehypertension

frequently progressed to clinical hypertension
over these years [5].

The euglycemic glucose clamp method is the
standard gold method for the measurement of
insulin  resistance [6], but HOMA-IR is
comparable. This method is difficult for use in
large population studies, since it involves the
intravenous infusion of insulin, frequent blood
sampling over a three hour period, with
continuous glucose infusion. The determination
of plasma insulin levels and homeostasis model
assessment of insulin resistance (HOMA-IR) are
the widely used surrogate methods of evaluating
insulin resistance [7]. Other methods adopted is
the determination of plasma triglycerides (TGs)
and triglycerides/high-  density lipoprotein
cholesterol (TG/HDL-C) ratio [8,9] with TG/HDL-
C ratio proposed the most accurate among all
the surrogate markers.

Elevated BP has been reported as the most
prevalent component of the metabolic syndrome
[10]. The presence of metabolic syndrome has
been reported to increase the cardiovascular risk
associated with high BP, which increases the
deleterious vascular effects of hypertension [11].
There are reports of association of insulin
resistance with hypertension [12]. However, few
studies that reported insulin resistance in
prehypertensives did not consider the
confounding effects of lifestyle, age, and
adiposity on elevated BP [13,14]. These non-
homogenous samples led to the generalisation of
results. We considered these confounding
effects, in the selection of study participants to
obtain results free from interferences. Our study
aimed at determining insulin resistance and its
association with blood pressure in
prehypertensive individuals.




2. MATERIALS AND METHODS
2.1 Study Design

The case-control study compared the
anthropometric and metabolic markers of insulin
resistance in prehypertensives with normotensive
controls.

2.2 Study Area and Population

A sample of male and female participants aged
18-55 years, was randomly drawn from patients
attending general health checkup at the Federal
Medical Centre Makurdi, from March 2016 to
May 2016.

2.3 Sample Size

The sample size was determined using the
formula for case-control studies that compare
two group means [15]; n=1+2C(s/d)2, At a
significance level of 5%, and statistical power of
90%, the calculated sample size was 32.4, which
was approximated to 35 for each group.

2.4 Selection Criteria

Individuals were eligible to participate in the
study if they: (a) were adults and middle aged
(18 to 55 years); (b) had no history of
hypertension and were not using
antihypertensive medications; (c) had no history
of cardiovascular disease (coronary disease,
stroke, peripheral vascular disease) and were not
using lipid lowering drugs; (d) were free of any
other major systemic illnesses (e.g. cancer,
diabetes mellitus); (e) were nonsmokers; (f) were
not pregnant; (g) were not overweight (225-29.9
kg/m?) or obese (=30 kg/m?). All subjects were
provided written informed consent, and the study
was approved by the institutional ethical
committee.

2.5 Data Collection

Participants on a 12 hour overnight fast provided
information on their demographic characteristics,
detailed medical history, dietary and lifestyle
habits.

2.5.1 Blood pressure

All participants rested at least 30 min. Blood
pressure measurements were taken using an
aneroid manometric sphygmometer, three
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times with the right arm relaxed and well
supported by a table, at an angle of 45-degrees
from the trunk. Prehypertensives and
normotensives were defined according to JNC 7
criteria [3].

and  waist

2.5.2 Body mass index

circumference

Body weight to the nearest 0.1 kg and height to
the nearest centimeter were measured and BMI
was calculated as weight (kilograms)/height
(meters squared). Waist circumference (WC)
was measured horizontally at the level of the
natural waist. Body mass index was categorized
according to the international classification of
world health organization [16]; underweight
defined as persons with BMI £18.5 kg/m?, normal
weight as individuals with BMI ranging from 20-
24.9 kg/m?, those with BMI =225-29.9 kg/m? are
overweight, and obese as individuals with
BMI =30 kg/m?2.

2.5.3 Blood sample collection

Participant’s blood samples were collected into
plain and fluoride oxalate vacutainer tubes and
centrifuged at 3000 rpm for 10 min within 1 h of
blood collection. Blood in plain and fluoride
oxalate vacutainers was respectively used for the
determination of plasma lipids, insulin, and
glucose. Fasting plasma glucose and lipids were
determined immediately after separation;
while serum extracted for insulin
determination was stored at -20°C for laboratory
evaluation.

2.6 Laboratory Methods

2.6.1 Determination of fasting plasma

glucose and serum lipids

The Barham and Trinder glucose oxidase
colorimetric end-point method was used in the
determination of plasma glucose [17]. Total
cholesterol, HDL-C, and TGs were determined
by the colorimetric end-point method. Low DL-C
and VLDL-C were estimated wusing the
Friedewald equation [18].

2.6.2 Determination of serum insulin

The insulin enzyme-linked immunoabsorption
assay (ELISA) method was used in determining
serum insulin, based on the ELISA sandwich
principle.



2.6.3 Homeostasis model of insulin

resistance (HOMA-IR)

Insulin resistance was determined using a
standardized Microsoft excel HOMA 2 calculator,
based on Matthews et al.’s formula [19].

2.7 Statistical Analysis

The statistical package IBM Armonk, New York,
United States SPSS version 21 was used in
analyzing the data generated. Descriptive
statistics were used in determining the mean and
standard deviation of the parameters measured.
The Student’s f-test was used in comparing the
mean of the parameters in prehypertensive and
control groups. Pearson correlation analyses
were done to test the association between
parameters measured in prehypertensives and
normotensives. Two-tailed P < 0.05 was
considered statistically significant.

3. RESULTS

Table 1 shows systolic blood pressure (SBP),
diastolic blood pressure (DBP), age, WC, BMI,
fasting serum insulin (FSI), fasting plasma
glucose (FPG), HOMA-IR, fasting total
cholesterol, HDL-C, LDL-C, VLDL-C, and
triglyceride in prehypertensives and
normotensives. There was no significant (P >
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0.05) difference between the mean age, WC, and
BMI of prehypertensives and normotensives.
However, a significantly elevated SBP (P =
0.000), DBP (P=0.000), FSI (P=0.012), and
HOMA-IR (P=0.016) was observed in
prehypertensives compared to
anthropometrically matched normotensive
controls. No significant (P > 0.05) difference in
mean fasting plasma glucose and lipids was
observed in prehypertensives compared to the
matched normotensive controls.

A significant positive correlation was observed
between SBP and insulin (P=0.000, r=0.762)[Fig.
1], DBP and insulin (P=0.000, r=0.659)[Fig. 2],
SBP and HOMA-IR (P=0.000, r=0.756)[Fig. 3],
DBP and HOMA-IR (P=0.000, r=0.634)[Fig. 4],
SBP and TG/HDL-C (P=0.002, r=0.499)[Fig. 5],
DBP and TG/HDL-C (P=0.005, r=0.469)[Fig. 6],
in prehypertensives. Table 2 shows a significant
positive correlation between SBP and TGs
(P=0.000, r=0.586), DBP and TGs (P=0.005,
r=0.469) in prehypertensive adults. A significant
positive correlation was observed between DBP
and TGs (P=0.028, r=0.371), age (P=0.028,
r=0.372), BMI (P=0.001, r=0.523), WC (P=0.047,
r=0.338), TG/HDL-C (P=0.026, r=0.376) [Table
3] in normotensive adults. However, no
significant correlation (P>0.05) was observed
between SBP and the metabolic parameters in
the normotensive group.

Table 1. Blood pressure, anthropometric, Insulin, FPG, HOMA-IR in prehypertensive and
normotensive adults

Parameters PreHTN Control Calc. t- P-value
N=35 N=35 value
SBP mmHg 130.91+8.70 111.03+6.89 10.6 0.000*
DBP mmHg 83.17+5.86 70.40+3.87 10.8 0.000*
Age (years) 35.57+10.73 33.63+9.10 0.82 0.417
WC cm 69.17+10.04 68.20+5.96 0.57 0.568
BMI Kg/m? 24.7243.39 24.40+3.51 0.40 0.694
Insulin pmol/I 70.81+34.58 50.50+30.74 2.60 0.012*
FPG mmol/l 4.31+0.59 4.24+0.51 0.52 0.603
HOMA-IR 1.25+0.61 0.91+0.54 2.46 0.016*
T.Chol. mmol/l 4.28+0.63 4.18+0.58 0.71 0.483
HDL-C mmol/l 1.61+0.37 1.59+0.37 0.98 0.848
LDL-C mmol/l U/L 2.21+0.70 2.14+0.70 0.45 0.658
VLDL-C mmol/l 0.49+0.22 0.45+0.13 1.10 0.274
TGs mmol/l 1.00+0.38 0.94+0.30 0.77 0.445

mean + standard deviation, *significant, SBP- systolic blood pressure, DBP- diastolic blood pressure, WC- waist
circumference,
BMI- body mass index, FPG- fasting plasma glucose, HOMA-IR- homeostatic model assessment of insulin
resistance, HDL-C-high-density lipoprotein cholesterol, LDL-C- low-density lipoprotein cholesterol, VLDL-C- very
low-density lipoprotein cholesterol, TGs- triglyceride



SYSTOLIC BP (mmHg)

Fig. 1. Correlation of insulin with systolic blood pressure in prehypertensives

DIASTOLIC BP (mmHg)

Fig. 2. Correlation of insulin with diastolic blood pressure in prehypertensives
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n=35, r=0.756, p=0.000, BP- blood pressure, HOMA-IR- homeostasis model assessment of insulin resistance
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n=35, r=0.634, p=0.000, BP- blood pressure, HOMA-IR- homeostasis model assessment of insulin resistance
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Fig. 5. Correlation of TG/HDL-C with systolic blood pressure in prehypertensives
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Fig. 6. Correlation of TG/HDL-C with diastolic blood pressure in prehypertensives
n=35, r=0.469, p=0.000, BP- blood pressure, TG/HDL-C -triglycerides/high density lipoprotein cholesterol ratio



Table 2. Pearson’s correlation coefficients of
blood pressure with some metabolic indices
and age in prehypertensive adults

Parameters SBP DBP
TC 0.092 -0.127
HDL-C -0.164 -0.281
LDL-C 0.037_ -0.054
VLDL-C 0.482 0.309
TGs 0.586 0.469
FPG -0.126 -0.179
Age -0.062 -0.075
wC 0.284 0.082
BMI 0.193 0.266

**Correlation is significant at the 0.01 level (2-tailed),
SBP- systolic blood pressure, DBP- diastolic blood
pressure, HOMA-IR- homeostatic model assessment
of insulin resistance,

HDL-C- high-density lipoprotein cholesterol.
LDL-C- low-density lipoprotein cholesterol,
VLDL-C- very low-density lipoprotein cholesterol,
Triglycerides-TGs

Table 3. Pearson’s correlation coefficients of
blood pressure level with metabolic indices
and age in normotensive adults

Parameters SBP DBP
TC -0.191 0.054
HDL-C -0.047 -0.142
LDL-C -0.154 0.052
VLDL-C 0.103 0.368°
TGs 0.046 0.371
TG/HDL-C 0.050 0.376°
Insulin 0.178 0.149
HOMA-IR 0.188 0.163
FPG 0.072 0.134
Age 0.055 0.372*
wcC -0.136 0.338~
BMI -0.013 0.523

**Correlation is significant at the 0.01 level (2-tailed),
*Correlation is significant at the 0.05
level (2-tailed). SBP- systolic blood pressure,
DBP- diastolic blood pressure, HOMA-IR- homeostatic
model assessment of insulin resistance,
HDL-C- high- density lipoprotein
cholesterol, LDL-C- low-density lipoprotein cholesterol,
VLDL-C- very low density
lipoprotein cholesterol, TGs- triglycerides,.
TG/HDL-C -triglycerides/high density
lipoprotein cholesterol ratio

4. DISCUSSION

Insulin resistance (IR), defined as a reduced
biological action of insulin, has emerged as a
major  pathophysiological factor in the
development and progression of a number of
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cardio-metabolic disorders like type 2 diabetes
mellitus, dyslipidemia, hypertension and
cardiovascular diseases. We determined plasma
TGs and TG/HDL-C ratio in addition to plasma
insulin and HOMA-IR as indicators of insulin
resistance, based on the reports of Baez-Duarte
et al. and Salazar et al. [8,9]. An increase in
blood pressure levels with age and BMI has been
earlier described [14]. Our study population was
recruited taking into account the confounding
effect of age and adiposity. This allowed us to
assess blood pressure level more likely related to
insulin resistance and not on confounding
effects. Since evidence-based studies regarding
the risk factors of prehypertension are scant
compared to hypertension, we sought to examine
the presence of insulin resistance and its
association with blood pressure in
prehypertensive adults.

Our study observed elevated insulin level and
HOMA-IR in prehypertensive adults compared to
normotensive controls. We found a positive
correlation between metabolic markers of insulin
resistance (FSI, HOMA-IR, TG/HDL-C, TGs) with
systolic and diastolic BP in prehypertensive
adults. Substantial evidence suggests that
hypertensive patients are insulin resistant
compared with normotensive individuals [2,20,
21]. Similar reports of an association between
blood pressure and insulin resistance in
prehypertensives exist. Metabolic syndrome in
active subjects in Spain (MESYAS) registry
substudy reported that insulin resistance had an
impact on prehypertension in 19,041 healthy
active workers [14]. Among community-dwelling
persons, Kawamoto et al. showed that SBP and
DBP increased with HOMA-IR in prehypertensive
subjects [22]. Hwu et al. without adjustment for
confounding factors observed elevated fasting
plasma insulin and HOMA-IR in prehypertensives
compared to normotensives. After adjustment for
confounding factors, no difference was observed
between the two comparable groups. However,
prehypertension was associated with IR,
independent of age, gender, obesity and physical
inactivity [13]. In other studies, TGs has been
shown to be associated with prehypertension in
young [23] and middle-aged subjects [24].
Cubeddu et al. argued that when the contribution
of confounding variables such as older age,
obesity and sedentary lifestyle was taken into
account, the association between IR and BP
would commonly disappear [25]. In our study, the
subjects with prehypertension were associated
with IR.



Hyperinsulinaemia accompanying insulin
resistance in our study is a physiologic response
mediated by the feedback stimulation of
pancreatic beta cells, geared towards meeting
the metabolic demands of the body [26]. The link
between insulin resistance and blood pressure
observed in our study could be due to the
complex vascular actions of insulin that occur as
either vascular protective or deleterious effects
[27]. Insulin enhances vascular protective effects
by stimulating nitric oxide (NO) -dependent
mechanisms in the vascular endothelium, that
subsequently induce vasorelaxation, inhibits
vascular smooth muscle cell (VSMC) proliferation
and induce anti-inflammation [28]. Vascular
deleterious effects are mediated through the

mitogen-activated protein  kinase (MAPK)
pathway with the subsequent induction of
vasoconstriction, VSMC proliferation  and

proinflammatory activity [28]. In addition, insulin
increases sodium reabsorption in the kidney and
promotes sympathetic nerve activity [29]. Insulin
can exert either inflammatory and anti-
inflammatory effects depending on the metabolic
state of the body [28,30]. In physiological
condition, insulin stimulates endothelial NO
production to exert a vasorelaxation and anti-
inflammatory effect. Whereas, in the state of
insulin resistance, the insulin-stimulated NO
pathway is selectively impaired and the
compensatory hyperinsulinemia may activate
MAPK pathway, resulting in enhancement of
vasoconstriction, proinflammation, increased
sodium and water retention with resultant
elevation of blood pressure [30,31].

The strength of our study is in the recruitment of
study participants taking into account the
confounding effects of elevated blood pressure.
The present study was not without limitations.
First, the sample size was small, and may not be
representative of the study population. Second,
studies are needed to verify the causal
relationship between IR and elevation of BP.
Third, direct measurements of IR were not
applied to the study participants. However, the
use of surrogate estimates to measure IR is
considered satisfactory in clinical investigations
like the present study [7-9]. Fourth, the study
participants were not recruited by the JNC-8 BP
classification.

5. CONCLUSION

We demonstrate that insulin resistance
influences blood pressure. Our study reveals that
insulin resistance has a pathophysiologic link
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with  prehypertension. These findings are
clinically relevant because preventing insulin
resistance by adopting healthy lifestyles could
reduce the progression from normotension to
prehypertension and associated complications
linked to hypertension.
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