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1. Introduction

Cardiovascular heart disease (CHD) is the leading cause of death
globally in men and women [1,2]. A constellation of risk factors
known as the metabolic syndrome (MetS) is an increasingly prev-
alent predisposing factor for CHD [3e5]. Previous studies show
positive association between hypertension and CHD [6e8]. The
global burden of hypertension and other non-communicable dis-
eases (NCDs) is staggering and African continent may be affected
the most [9]. It has been estimated that global prevalence of hy-
pertension is about 1 billion [10e13]. Its prevalence in nigeria may
constitute significant proportion of the total burden in Africa due to
its large population (giant of Africa) and its increasing adult pop-
ulation [10,13,14]. The prevalence of NCDs and hypertension
[15e20] in Nigeria may be very high because most studies are done
in urban settings and are hospital-based than population-based
studies. In addition, there are lots of undiagnosed cases in the
population. Empirical data on the prevalence of hypertension is
essential to the government and other stakeholders of health
policy and for intervention. However, systematic reviews of the
various prevalence studies on hypertension have been conducted
[10,15,21].

In a large-scale randomized trials of blood pressure (BP)
lowering drugs, all classes of BP lowering drugs have similar effects
in reducing CHD and stroke; there is a 22% reduction in risk of CHD
and a 41% in stroke for every 10mmHg decrease in BP [22].
Furthermore, in trials of BP lowering against control, a greater BP
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reductions was achieved via multitherapies than in those for
monotherapy [22]. Finally, trials comparing different BP lowering
substances, therapies with greatest achieved BP lowering also has
resultant greater differences in effects on clinical signs [23].

T2DM (also known as non-insulin-dependent diabetes mellitus)
is a heterogeneous metabolic disorder associated with hypergly-
cemia resulting from impaired insulin utilization coupled with the
body's inability to compensate with increased insulin production. It
is diagnosed either when symptoms of hyperglycemia (such as
polydipsia, polyuria and weight loss) occurred simultaneously by a
fasting plasma glucose (FPG) �126mg/dL (7.0mmol/L) or 2-h
plasma glucose� 200mg/dL (11.1mmol/L) during oral glucose
tolerance test or glycated hemoglobin (HbA1c)� 6.5% (48mmol/L)
or in patients with classic symptoms of hyperglycemia or hyper-
glycemic crisis, a random plasma glucose� 200mg//dL (11.1mmol/
L) according to the National Glycohemoglobin Standardization
Program [www.ngsp.org] [24].

In Nigeria, “the giant of Africa” with population well over 180
million, the prevalence of T2DM has been on the increase with the
country commonly reported as having the highest burden in Africa
[25,26]. Unfortunately, there are no known country-wide studies or
any reported effort within Nigeria in recent times to specifically
estimate the burden of diabetes or even more its association to
other cardiometabolic diseases in the country. The previous na-
tional survey of non- NCDs was conducted more than two decades
ago with a prevalence of 2.2% reported for diabetes while the re-
sults of the 2003 national NCDs survey in the Southwest regionwas
inconclusive [27]. In the 2013 IDF global study, a prevalence of 5%
was estimated for Nigeria, accounting for 3.9 million cases among
persons 20e79 years old [28]. In 2018, the researchers specifically
noted that Nigeria was without up-to-date data on diabetes; as a
result, the Nigerian estimate was regressed and extrapolated from
pooled estimates in Cameroon, due to relatively homogenous
sociodemographic patterns with Nigeria [28].

Metabolic syndrome is a constellation of hypertension, glucose
intolerance, abdominal obesity, dyslipidemia and prothrombotic
and proinflammatory states. The definition of MetS is controversial
and generated a heated debate for a long time. More than two
decades ago, several researchers and organizations have suggested
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different definitions. However, all accepted that the characteristics
of MetS include hypertension, central obesity, insulin resistance,
dyslipidemia, prothrombotic state and microalbuminuria as well as
elevated fibrinogen, decreased plasminogen activator-1 (PA-1),
increased uric acid and increased blood viscosity [29]. Each
anomaly is a comorbidity for the development of atherosclerosis,
morbidity and mortality. In addition, MetS has been associated
with the development of CHD, stroke, T2DM, retinopathy, diabetic
nephropathy and distal neuropathy.

According to the updated National Cholesterol Education Pro-
gram Adult Treatment Panel III (NCEP ATP III), the criteria for diag-
nosing MetS are as follows: 1) fasting plasma glucose� 110mg/dL
(5.6 mmolL�1), 2) abdominal obesity defined as waist circumfer-
ence, men> 102 cm and women> 88 cm, 3) blood pressure� 130/
85mmHg, 4) triglycerol� 150mg/dL (1.7 mmolL�1) and 5) HDL-
cholesterol <40mg/dL (<1.03 mmolL�1 in men) or <50mg/dL
(1.30mmolL�1 inwomen) [30,31]. MetSwas defined as the presence
of at least two of the above five abnormalities. Each of these com-
ponents is a known risk factor for the development of CHD, T2DM
and atherosclerosis.

Individuals with MetS are at increased risk for developing hy-
pertension, which is amajor risk factor for CHD incidence. It is still a
matter of speculation whether treatment of hypertension in isola-
tion among people with MetS will reduce CHD mortality. Hyper-
tension is a major risk factor for CHD and occurs approximately in
50e60% of individuals with T2DM, more than two times common
in prediabetic individuals compared to nondiabetic individuals
[32,33]. Increasing body of evidence has associated the renin-
angiotensin-aldosterone system (RAAS) with hypertension and
obesity. Increased plasma aldosterone levels are found in people
with MetS, resistant high blood pressure and are linked with the
development of left ventricular hypertrophy and increased cardiac
fibrosis [34]. Pharmacologic therapies that block RAAS (ACE in-
hibitors, ARB inhibitors) are considered treatment of choice in hy-
pertensive patients with MetS and T2DM.

Hypertension destroys the vascular wall by endothelial
dysfunction, which is the first cascade of events in the atheroscle-
rotic event [35] and can predict subsequent clinical vascular pro-
cess [36,37]. It has been reported that an increase in BP by small
factor can predispose to clinical risks [38]. For instance, epidemi-
ologic analyses revealed that BP> 115/75mmHg is associated with
elevated CVD and mortality among diabetic patients [39e41].

The purpose of this study is to evaluate the association between
high blood pressure with T2DM, MetS and their predictors among
patients attending the general outpatient department (GOPD) of
Enugu State University Teaching Hospital.

2. Materials and methods

This is a cross-sectional study conducted from September 2017
to August 2018 at the GOPD of Enugu State University Teaching
Hospital. Only subjects 18 years and above, and of Igbo ethnicity
were considered for this study. Data from a total of 4202 eligible
participants (2772 males and 1430 females) were collected using a
standardized questionnaire. Only participants who have fasted
overnight (�7 h) before visiting the hospital were included. Phys-
ical examination was by trained staff and physician of the hospital
using standard protocols. Participants who met the inclusion
criteria were required to complete a questionnaire to determine
their demographic characteristics. Smokers were defined as those
who were currently smoking either regularly or occasionally and
regular exercise was defined as 150min of moderate-intense aer-
obic activity a week or 60min of vigorous-intense aerobic activity a
week. The study protocol was reviewed and approved by the Enugu
State Ministry of Health Research Ethics Committee and only
participants who gave their informed consent were enrolled.
All anthropometric measurements were by well-trained

research assistant, with participants wearing only minimal
clothing with no footwear during measurements. Height and
weight were measured with the subject standing, to the nearest
0.1 cm and 0.2 kg respectively, using a stadiometer and portable
weighing scale. BMI was calculated as weight (kg)/square of height
(m). Waist and hip circumferences were measured to the nearest
0.1 cm using a flexible measuring tape with the subject standing in
the Frankfurt position. Waist circumference (WC) was measured
by placing the tape around the abdomen at the level of the um-
bilicus. Hip circumference (HC) was measured at the level of
maximum extension of the buttocks posteriorly in a horizontal
plane. Waist height ratio was calculated by dividing waist
circumference (cm) by height (cm). body adiposity index (BAI) was
calculated as proposed by Bergman et al. [42]: hip circumference
(cm) divided by height (m))1.5 minus 18. Resting blood pressure
(BP) was measured after five minutes in a seated position with a
standard mercury sphygmomanometer. BP was grouped into four
categories; <120/75, 120e129/75-84, 130e139/85-89 and� 140/
90mmHg.

Blood samples were collected on-site, then sent to a laboratory
located within the hospital. Fasting blood glucose (FBG) was
quantitatively by the enzymatic reference technique with hexoki-
nase [43] while total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C) and triglycerides (TRG) were measured using
standard enzymatic colorimetric technique [44,45]. Low-density
lipoprotein cholesterol (LDL-C) was assessed indirectly with the
aid of the Friedwald formula [46]: LDL-C ¼ TC e (HDL-C þ (TRG/5))
for subjects with TRG <4.516 mmol/L (400 mg/dl).

Hypertension was defined as having one of the following: a
systolic BP� 140mm Hg, a diastolic BP� 90mm Hg, physician-
diagnosed hypertension or use of hypertensive medication. Dia-
betes was defined as having one of the following: FBG �7mmoL/dl
(126mg/dL), physician-diagnosed diabetes mellitus or use of oral
hypoglycaemic medications. Metabolic syndrome (MetS) was
defined as the presence of at least three of the following five ab-
normalities: 1) fasting plasma glucose� 110mg/dL (5.6 mmolL�1),
2) abdominal obesity defined as waist circumference, men> 102 cm
and women> 88 cm, 3) blood pressure� 130/85mmHg, 4) trigly-
cerol� 150mg/dL (1.7 mmolL�1) and 5) HDL-cholesterol <40mg/dL
(<1.03 mmolL�1 in men) or <50mg/dL (1.30 mmolL�1 in women).
According to the updated National Cholesterol Education Program
Adult Treatment Panel III (NCEP ATP III) criteria, MetS should be
identified as at least three of the five component abnormalities.

3. Statistical analysis

Results were expressed as mean ± SD for continuous variables
and for categorical variables by frequency and percentage. Differ-
ences betweenmales and females and health status (MetS-/MetSþ)
in baseline characteristics were tested using independent samples
t-tests for continuous variables and by chi-squares or Fisher's exact
tests for categorical variables. One-way analysis of variance was
used to test for differences in continuous across various blood
pressure categories. Multinomial logistic model was used to eval-
uate the association between blood pressure and diabetes without
adjustments. Model A was adjusted for age and sex, and model B:
adjusted for model A as well as BMI, smoking status, exercise
habits, alcohol intake; model C: adjusted for model B as well as
fasting glucose, high density lipoprotein and triglycerides; model
D: adjusted for model C as well as waist circumference and the
presence or absence of hypercholesterolemia.

Principal Component Analysis was used to reduce the covariates
into a single factor. Receiver Operating Characteristics (ROC)
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analysis was used to calculate the area under ROC curves (AUC)
between each MetS risk factor based on sex. The ROC was also used
to identify thresholds that best balanced sensitivity and specificity
of the MetS risk factors. Statistics were performed using IBM SPSS
version 25 (IBM SPSS Inc., Chicago, IL, USA) and GraphPad Prism 6.
All statistics were two-tailed and a P-value <0.05 was considered
statistically significant.

4. Results

Table 1 shows the general characteristics of the study popula-
tion, stratified by blood pressure. All anthropometric variables and
lipid profile increase significantly with increase in blood pressure.
Fasting blood glucose of hypertensive subjects was comparatively
higher than that of any other group. This is an indicative that blood
pressure is significantly associated with diabetes. The results also
revealed significant association between lipid profile, blood pres-
sure and anthropometric variables. No significant difference was
observed in FBG between males and females (P¼ 0.133). The
prevalence of MetS in these subjects was 26.5% (1114/4202; data
not shown); but higher among females than males and increased
across the BP categories.

The odds ratios of having diabetes mellitus significantly
increased across the various BP categories (Table 2). Blood pressure
<120/75 was used as the reference category. No significant increase
in OR was observed in the group 120e129/75-84mmHg. The as-
sociation between high BP with the risk of diabetes was consistent
even after adjustment for age, sex, BMI, smoking status, exercise
habits, alcohol intake, FBG, HDL-C, TRG, WC and presence or
absence of hypercholesterolemia. Finally, the results from the table
revealed that for every 1mmHg increase in BP, subjects with BP
130e139/85-89 and hypertensive patients are more than two times
likely to have diabetes than those in control and lower BP groups.

In females, all measures were significantly higher in subjects
with MetS (Table 3). In males, all measures are higher among MetS
group but were less significantly different. ROC curve analyses are
detailed in Table 4. Because MetS was higher among females, their
ROC AUC for the five predictors of MetS was significantly higher
than that of males.
Table 1
Participant characteristics according to blood pressure categoriesa.

Characteristics <120/75mmHg 120-129/75e84mmHg 130-139/85e89m

n 723 1779 1278
Age 40.97± 1.09 42.11± 1.72 43.17± 1.32
Weight (kg) 67.43± 10.48a 69.02± 10.73b 70.32± 11.75b

BMI (kgm�2) 25.93± 4.54a 26.63± 4.65b 26.79± 5.54b

WC (cm) 80.16± 8.75a 81.69± 10.11b 81.77± 11.10bc

HC (cm) 91.74± 11.22a 93.50± 11.99b 94.83± 13.68ab

WHtR 0.50± 0.06a 0.51± 0.06b 0.50± 0.08ab

BAI 26.86± 6.56a 27.76± 6.61a 27.81± 8.45ab

Triglycerides 1.17± 0.83a 1.30± 0.93b 1.37± 1.03bc

HDL-C 2.85± 1.42a 2.91± 1.74a 3.01± 1.62ab

Cholesterol 5.34± 1.67a 4.97± 1.64a 4.85± 1.62b

Hypercholesterolemia 342 (47.3) 643 (36.6) 430 (33.8)
MetS (%) 116 (16) 339 (19.1) 496 (38.8)
Fasting glucose 6.51± 1.46a 6.55± 1.72a 7.06± 1.75b

SBP (mmHg) 108.25± 3.97a 120.15± 1.02b 130.35± 1.55c

DBP (mmHg) 77.18± 6.69a 81.10± 6.58b 89.10± 6.21c

Smoking (kg) 493 (68.2) 1247 (70.1) 933 (73)
Alcohol (%) 409 (56.6) 875 (49.2) 656 (51.3)
Level of exercise 537 (74.3) 1339 (75.3) 947 (74.1)

abcdDenotes Tukey's multiple comparison tests, applied to assess significance difference
a Pluseminus values are Means± SD. To convert the values for glucose to milligram pe

deciliter, divide by 0.02586. To convert the values for triglycerides to milligram per deci
b P values were calculated by Fisher's exact test for categorical variables and one-way
c P values were calculated by Fisher's exact test for categorical variables and independ
5. Discussion

In the present cross-sectional study of young adults from
southeastern Nigeria, we found that blood pressure categories
130e139/85-89 and hypertensive groups were associated with
2.01- and 2.41-fold higher risks of the development of diabetes
after controlling for various factors that are known to either affect
metabolism of glucose or be associated with its subsequent risk,
such as adiposity. Various studies have investigated the association
between association between diabetes and blood pressure. How-
ever, most of such studies were not with Africans [47e49]. In one of
such studies [50] conducted in a Japanese gas company based on
health check-up of employees revealed that hypertension and high
normotensive blood pressure are associated with an increased risk
of onset of diabetes; a relative risk of 1.39 among men with high
normotensive blood pressure (95% CI 1.14e1.69) and 1.76 in men
with hypertension (1.43e2.16). Similar finding was observed in
another study in Taiwan [51] in which a positive association was
found between high blood pressure and onset of diabetes. How-
ever, these studies were not population-based cohort studies and
oral glucose tolerance tests were not performed in all participants.
Even more, significant indicators of insulin resistance or b-cell
function were not accounted for in their analyses. Our study is
perhaps one of the most comprehensive in Nigeria that reports the
association between high blood pressure and diabetes, MetS and its
predictors. Various mechanisms have been proposed as underlying
the association between high blood pressure and diabetes [52],
however, it worth mentioning that no direct causal nexus has been
established. The dysfunctional endothelial permeability and
decreased peripheral vascular flow caused by high blood pressure
may limit insulin delivery and enhance insulin resistance in
metabolically active tissues [53]. It has been hypothesized that the
oxidative stress associated with high blood pressure plays a critical
role in pancreatic b-cell malfunction [54,55]. Another hypothesis is
that cytokines associated to oxidative stress (interleukin-1,
interleukin-6 and tumor necrosis factor-a), are capable of modi-
fying lipid and glucose metabolism [56]. Studies investigating the
effects of statin therapy on incident diabetes revealed that statin
therapy especially at high doses increases the risk of incident
mHg Hypertension mmHg P-valueb Male Female P-valuec

422 2772 1430
45.59± 2.67 0.023 46.17± 1.73 44.19± 1.43 0.01
72.73± 10.94c 0.002 69.05± 10.77 70.42± 11.72 < 0.001
27.65± 4.73c < 0.001 26.54± 4.93 26.88± 4.98 0.035
84.41± 11.23c < 0.001 80.57± 9.73 83.96± 11.19 < 0.001
95.81± 12.76c < 0.001 92.52± 12.14 96.37± 12.91 < 0.001
0.52± 0.07c < 0.001 0.50± 0.07 0.52± 0.07 < 0.001
28.33± 7.00b 0.004 27.14± 7.34 28.73± 6.97 < 0.001
1.43± 1.00c < 0.001 1.33± 0.97 1.27± 0.92 0.039
3.17± 1.44b < 0.001 2.97± 1.76 2.89± 1.33 0.169
5.28± 1.59b < 0.001 4.99± 1.62 5.11± 1.68 0.025
175 (41.5) < 0.001 1005 (36.5) 585 (41.1) 0.004
163 (38.6) < 0.001 309 (11.1) 805 (56.3) < 0.001
7.21± 5.90b < 0.001 6.74± 2.45 6.91± 5.04 0.133
141.22± 3.93d < 0.001 123.64± 9.99 122.71± 9.39 0.004
91.94± 5.16d < 0.001 84.13± 8.20 83.58± 8.01 0.038
279 (66.1) 0.022 1972 (71.1) 980 (68.5) 0.081
217 (51.4) 0.044 1440 (51.9) 717 (50.1) 0.372
327 (77.5) 0.055 2045 (73.8) 1105 (77.3) 0.041

(P< 0.05) in means across blood pressure groups.
r deciliter, divide by 0.055551. To convert the values for cholesterol to milligram per
liter, divide by 0.01129.
analysis of variance for continuous variables.
ent sample t-tests for continuous variables.



Table 2
Association of blood pressure with the incidence of diabetes in multinomial logistic models.

<120/75mmHg 120-129/75e84mmHg P 130-139/85e89mmHg P Hypertension mmHg P

(n¼ 723) (n¼ 1779) (n¼ 1278) (n¼ 422)

OR (95% CI) OR (95% CI) OR (95% CI)

Crude 1.0 1.28 (0.84, 1.97) NS 2.20 (1.45, 3.32) <0.001 2.57 (1.59, 4.15) <0.001
Model A 1.0 1.27 (0.80, 1.90) NS 2.16 (1.42, 3.27) <0.001 2.56 (1.54, 4.03) <0.001
Model B 1.0 1.25 (0.82, 1.92) NS 2.14 (1.41, 3.23) <0.001 2.53 (1.56, 4.10) <0.001
Model C 1.0 1.23 (0.80, 1.88) NS 2.07 (1.37, 3.14) <0.001 2.48 (1.53, 4.01) <0.001
Model D 1.0 1.17 (0.76, 1.43) NS 2.01 (1.39, 3.19) <0.001 2.41 (1.49, 3.91) <0.001

Model A: adjusted for age and sex, and model B: adjusted for model A as well as BMI, smoking status, exercise habits, alcohol intake; model C: adjusted for model B as well as
fasting glucose, high density lipoprotein and triglycerides; model D: adjusted for model C as well as waist circumference and the presence or absence of hypercholesterolemia.

Table 3
Participant characteristics according to health status.a.

n Male (n¼ 2772)b Female (n¼ 1430)b

MetS- MetSþ P MetS- MetSþ P

2463 309 625 805

Weight, kg 68.15± 10.71 69.24± 11.25 0.161 64.49± 9.46 75.03± 11.22 < 0.001
BMI, kgm�2 26.48± 5.02 27.03± 4.12 0.067 25.73± 4.30 27.78± 5.28 < 0.001
Waist circumference, cm 79.98± 9.51 80.65± 11.37 0.255 75.60± 7.16 90.45± 9.28 < 0.001
Hip circumference, cm 92.08± 11.96 92.58± 13.52 0.499 87.79± 10.03 103.02± 10.79 < 0.001
Waist-height ratio 0.50± 0.07 0.50± 0.06 0.216 0.48± 0.05 0.55± 0.07 < 0.001
Body adiposity index 27.03± 7.51 27.95± 5.82 0.039 26.05± 5.78 30.82± 7.10 < 0.001
Triglycerides, mmol/L 1.20± 0.87 2.40± 1.06 < 0.001 1.11± 0.81 1.39± 0.99 0.008
HDL-Cholesterol, mmol/L 2.95± 1.79 2.96± 1.54 0.908 2.79± 1.39 2.98± 1.27 0.009
Cholesterol, mmol/L 4.65± 1.66 5.03± 1.30 < 0.001 4.85± 1.72 5.30± 1.62 < 0.001
Fasting glucose, mmol/L 6.61± 2.50 7.71± 1.65 < 0.001 6.21± 1.70 7.45± 2.56 < 0.001
SBP, mmHg 122.47± 9.72 132.95± 6.69 < 0.001 120.83± 8.71 124.18± 9.64 < 0.001
DBP, mmHg 83.18± 8.00 91.74± 5.21 < 0.001 82.71± 8.00 84.26± 7.96 < 0.001

a All values are means± SDs. Group differences were analyzed with the use of Student's independent t-test. MetSþ, metabolic syndrome present, MetS-, metabolic syn-
drome absent.

b Sample sizes varied depending on metabolic outcomes.

Table 4
Results of ROC curve analyses to detect metabolic syndrome.a.

Threshold Sensitivityb Specificityb Likelihood ratio ROC AUCc

Male (n¼ 2772)
BMI >26.28 52 (47,58) 52 (50, 54) 1.1 0.54 (0.51, 0.57)y

Mid upper arm circumference, cm >28.5 54 (48, 59) 52 (50, 54) 1.12 0.51 (0.48, 0.55)
Waist-height ratio >0.5 49 (43, 55) 55 (53, 57) 1.09 0.52 (0.48, 0.55)
Body adiposity index >26.82 53 (47, 59) 53 (51, 55) 1.14 0.54 (0.51, 0.58)y

Triglycerides, mmol/L >1.76 84 (79, 88) 84 (83, 86) 5.29 0.84 (0.81, 0.87)z

High density lipoprotein, mmol/L >3.11 53 (47, 59) 56 (54, 58) 1.2 0.52 (0.48, 0.56)
Cholesterol, mmol/L >4.81 59 (53, 64) 58 (56, 60) 1.4 0.58 (0.55, 0.61)z

Combinedd >-0.07 53 (47, 58) 53 (51, 55) 1.11 0.51 (0.47, 0.54)
Female (n¼ 1430)
BMI >26.45 59 (55, 62) 59 (55, 63) 1.44 0.63 (0.60, 0.66)z

Mid upper arm circumference, cm >29.5 66 (63, 70) 66 (62, 70) 1.96 0.72 (0.70, 0.75)z

Waist-height ratio >0.51 76 (72, 78) 74 (70, 77) 2.88 0.83 (0.81, 0.85)z

Body adiposity index >28.04 66 (63, 69) 66 (62, 69) 1.92 0.73 (0.70, 0.75)z

Triglycerides, mmol/L >1.11 54 (51, 58) 56 (52, 60) 1.22 0.60 (0.57, 0.62)z

High density lipoprotein, mmol/L >2.95 56 (53, 60) 53 (49, 57) 1.19 0.55 (0.52, 0.58)z

Cholesterol, mmol/L >5.22 55 (51, 58) 57 (53, 61) 1.27 0.58 (0.55, 0.61)z

Combinedd >-0.14 70 (67, 73) 70 (66, 74) 2.34 0.78 (0.75, 0.80)z

yP < 0.01.
zP < 0.001.
ROC; receiver operating characteristic.

a Threshold values with highest sensitivity and specificity to detect metabolic syndrome.
b Values are percentages; 95% CIs in parentheses.
c Values in parentheses are 95% CIs.
d Combined predictive strength from principal component analysis.
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diabetes. In contrast, lipid-lowering therapies were not associated
with the incidence of diabetes [57].

The prevalence of MetS of 26.5% found in this study is quite high.
Females account for even higher than males given the age category
of the study population. This sample was meant to represent adults
at mid-age group. Our findings on MetS was consistent with prior
study in Kenya that reported a prevalence of 25.6% [58] among
subject slightly above those in the present study. Torriani and
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associates (2014) however reported a slightly higher prevalence
(50%) among patients attending Massachusetts General Hospital
[59].

There is a growing need for affordable diagnostic tool that can
supplement biochemical test for MetS. Anthropometric variables
have gained significant interest due to its non-invasive, afford-
ability and simplicity for optimal diagnosis of MetS and other car-
diovascular risk factors. Results from present cross-sectional study
reveal gender disparity in the prevalence and predictors of MetS.
Our data show significant association between MetS and all its
components in females. Weight, BMI, HC, waist-height-ratio, BAI
along with all five components of MetS are significantly associated
with MetS in females while only BAI was significantly associated
with MetS in males. Paradoxically, WC, a component of MetS did
not show significant association with MetS among males. It stands
to reason that MetS among males is mainly due to other four
components of MetS while in females, all five components signif-
icantly contribute toMetS. Furthermore, the presence of lipid stores
in skeletal muscle has been reported to be associated with risk
factors of MetS [60,61]. Therefore, triglycerides, cholesterol, fasting
glucose level and systolic BP are screening tools in identifying
development of MetS among males unlike females in which both
anthropometric and lipid profile are indicators. In contrast, Pava-
nello et al. [62] found significant association between WHtR and
MetS regardless of gender. Furthermore, previous studies have also
shown significant association betweenWC andMetS irrespective of
gender [63e67]. The high prevalence of MetS observed in females
than males calls for the need for more awareness of MetS among
females to prevent or reduce the risk of MetS and CHD. The high
prevalence and predisposing factors seen in females comparatively
to male may be due to high fat accumulation especially abdominal
obesity in females. Although it has been reported that central
obesity measured by MRI is more reliable than that assessed
anthropometric parameters or indices [68], availability, cost, tech-
nical know-how surrounding MRI makes it rather impossible for
assessing central obesity in Nigeria.

The association between WC and other components of MetS
have been well reported; increase in WC have been linked to
increase in TRG and glucose levels as well as decrease in HDL-C
level among healthy mid-aged males and females [69]. A corre-
lation of 0.73 and 0.78 (P < 0.001) respectively between MetS and
WC were obtained for males and females and a significantly high
correlation between HDL-C, visceral adiposity, systolic BP and
FBG [70].

The present study provides evidence that WHtR is the strongest
predictor of MetS among females. Other powerful tools that predict
MetS are MUAC, WHtR, BAI, HDL-C and total cholesterol while TRG
level is the best predictor of MetS among males. Unlike in females,
MUAC, WHtR, HDL-C are not predictors of MetS among males. In
order of superiority in predicting MetS in females, our study sug-
gests WHtR> BAI>MUAC> BMI> TRG level> TG>HDL-C. Previ-
ous study has also reported thatWHtR as the best predictor of MetS
in women [71]. In males we found that BMI and HDL-C are weak
predictors of MetS. Our sensitivity and specificity analyses indi-
cated that combining all measures rather than screening for each
one separately in females may increase the reliability for prediction
of MetS. Though this is not the case for male subjects.

In conclusion, the present study provides additional evidence
that high BP is a risk factor to the onset of diabetes mellitus. For
subjects in the high BP groups, for every 1mmHg increase in BP, the
subjects are more than two times more likely to have diabetes
mellitus. The study also provides evidence that WHtR is among the
most powerful tools to predict MetS among females while TRG was
the best predictive value of MetS among males.
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.dsx.2018.11.065.

References

[1] Katakura M, Naka M, Kondo T, et al. Prospective analysis of mortality,
morbidity, and risk factors in elderly diabetic subjects: nagano study. Diabetes
Care 2003;26:638e44.

[2] Beaglehole R. International trends in coronary heart disease mortality,
morbidity, and risk factors. Epidemiol Rev 1990;12:1e15.

[3] Rathmann W, Giani G. Global prevalence of diabetes: estimates for the year
2000 and projections for 2030. Diabetes Care 2004;27:2568e9.

[4] Boyle JP, Honeycutt AA, Narayan KM, et al. Projection of diabetes burden
through 2050: impact of changing demography and disease prevalence in the
U.S. Diabetes Care 2001;24:1936e40.

[5] Mokdad AH, Ford ES, Bowman BA, et al. Prevalence of obesity, diabetes, and
obesity-related health risk factors, 2001. J Am Med Assoc 2003;289:76e9.

[6] MacMahon S, Peto R, Cutler J, Collins R, Sorlie P, et al. Blood pressure, stroke,
and coronary heart disease. Part 1, Prolonged differences in blood pressure:
prospective observational studies corrected for the regression dilution bias.
Lancet 1990;335:765e74.

[7] Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific relevance of
usual blood pressure to vascular mortality: a meta-analysis of individual data
for one million adults in 61 prospective studies. Lancet 2002;360:1903e13.

[8] Lawes CM, Rodgers A, Bennett DA, Parag V, Suh I, et al. Blood pressure and
cardiovascular disease in the Asia Pacific region. J Hypertens 2003;21:707e16.

[9] World Health Organization. A global brief on hypertension: silent killer, global
public health crises (World Health Day 2013). Geneva: WHO; 2013.

[10] Adeloye D, Basquill C, Aderemi AV, Thompson JY, Obi FA. An estimate of the
prevalence of hypertension in Nigeria: a systematic review and meta-analysis.
J Hypertens 2015;33:230e42.

[11] Beaglehole R, Bonita R, Alleyne G, Horton R, Li L, Lincoln P, et al. UN high-level
meeting on non-communicable diseases: addressing four questions. Lancet
2011;378:449e55.

[12] World Health Organization. Global status report on non-communicable dis-
eases. Geneva: WHO; 2011.

[13] World Bank Nigeria 2013. Available: http://data.worldbank.org/country/
nigeria. Accessed 2015 Jan 29.

[14] World Health Organization AFRO. In: Report of regional director: cardiovas-
cular diseases in the African region: current situation and perspectives.
Maputo, Mozambique: The WHO Regional Office for Africa; 2005. Regional
committee for Africa.

[15] Ogah OS, Okpechi I, Chukwuonye II , Akinyemi JO, Onwubere BJC, Falase AO,
et al. Blood pressure, prevalence of hypertension and hypertension related
complications in Nigerian Africans: a review. World J Cardiol 2012;4:327e40.

[16] Ekpenyong CE, Udokang NE, Akpan EE, Samson TK. Double burden, non-
communicable diseases and risk factors evaluation in sub-Saharan Africa:
the Nigerian experience. Eur J Sustain Dev 2012;1:249e70.

[17] Abegunde DO, Mathers CD, Adam T, Ortegon M, Strong K. Chronic diseases 1:
the burden and costs of chronic diseases in low-income and middle-income
countries. Lancet 2007;370:1929e38.

[18] Ilesanmi OS, Ige OK, Adebiyi AO. The managed hypertensive: the costs of
blood pressure control in a Nigerian town. Pan Afr Med J 2012;12:96.

[19] Ukwaja KN, Onyedum CC. Reaction to Ilesanmi OS et al. the managed hy-
pertensive: the costs of blood pressure control in a Nigerian town. Pan Afr
Med J 2013;14:85.

[20] World Bank website. Available: http://www.worldbank.org/. Accessed 2018
Nov 6.

[21] Commodore-Mensah Y, Samuel LJ, Dennison-Himmelfarb CR, Agyemang C.
Hypertension and overweight/obesity in Ghanaians and Nigerians living in
West Africa and industrialized countries: a systematic review. J Hypert
2014;32:464e72.

[22] Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the
prevention of cardiovascular disease: meta-analysis of 147 randomized trials
in the context of expectations from prospective epidemiological studies. BMJ
2009;338:b1665.

[23] Turnbull F. Effects of different blood-pressure-lowering regimens on major
cardiovascular events: results of prospectively-designed overviews of ran-
domized trials. Lancet 2003;362:1527e35.

[24] American Diabetes Association. Diagnosis and classification of diabetes mel-
litus. Diabetes Care 2018;34:S62e9.

[25] Mbanya JC, Motala AA, Sobngwi E, et al. Diabetes in sub-saharan Africa. Lancet
2010;375:2254e66.

[26] Ogbera AO, Ekpebegh C. Diabetes mellitus in Nigeria: the past, present and
future. World J Diabetes 2014;5:905e11.

[27] Onyemelukwe GC. National survey of non-communicable diseases (Southwest
zone). Abuja: Federal Ministry of Health-National Expert Committee on Non-
Communicable Diseases 2003;1.

[28] Guariguata L, Whiting DR, Hambleton I, et al. Global estimates of diabetes
prevalence for 2013 and projections for 2035. Diabetes Res Clin Pract
2014;103:137e49.

https://doi.org/10.1016/j.dsx.2018.11.065
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref1
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref1
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref1
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref1
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref2
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref2
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref2
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref3
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref3
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref3
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref4
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref4
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref4
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref4
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref5
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref5
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref5
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref6
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref6
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref6
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref6
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref6
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref7
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref7
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref7
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref7
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref8
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref8
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref8
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref9
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref9
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref10
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref10
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref10
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref10
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref11
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref11
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref11
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref11
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref12
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref12
http://data.worldbank.org/country/nigeria
http://data.worldbank.org/country/nigeria
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref14
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref14
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref14
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref14
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref15
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref15
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref15
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref15
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref16
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref16
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref16
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref16
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref17
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref17
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref17
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref17
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref18
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref18
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref19
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref19
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref19
http://www.worldbank.org/
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref21
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref21
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref21
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref21
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref21
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref22
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref22
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref22
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref22
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref23
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref23
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref23
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref23
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref24
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref24
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref24
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref25
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref25
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref25
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref26
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref26
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref26
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref27
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref27
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref27
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref28
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref28
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref28
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref28


M. Nwankwo et al. / Diabetes & Metabolic Syndrome: Clinical Research & Reviews 13 (2019) 1549e15541554
[29] Hansen BC. The metabolic syndrome X. Ann N Y Acad Sci 1999;18(892):1e24.
[30] Grundy SM, Brewer Jr HB, Cleeman JI, Smith Jr SC, Lenfant C. Definition of

metabolic syndrome: report of the National Heart, Lung, and Blood Institute/
American Heart Association conference on scientific issues related to defini-
tion. Arterioscler Thromb Vasc Biol 2004;24(2):e13e8.

[31] Executive summary of the third report of the national cholesterol education
Program (NCEP) expert Panel on detection E, and treatment of high blood
cholesterol in adults (adult treatment Panel III). J Am Med Assoc
2001;16(285):2486e97.

[32] DeFronzo RA, Abdul-Ghani M. Assessment and treatment of cardiovascular
risk in prediabetes: impaired glucose tolerance and impaired fasting glucose.
Am J Cardiol 2011 2;108(3 Suppl):3Be24B.

[33] Segura J, Ruilope LM. Treatment of prehypertension in diabetes and metabolic
syndrome: what are the pros? Diabetes Care 2009;32(Suppl 2):S284e9.

[34] Essick EE, Sam F. Cardiac hypertrophy and fibrosis in the metabolic syndrome:
a role for aldosterone and the mineralocorticoid receptor. Int J Hypertens
2011:346985.

[35] Brunner H, Cockcroft JR, Deanfield J, Donald A, Ferrannini E, Halcox J, et al.
Endothelial function and dysfunction. Part II: association with cardiovascular
risk factors and diseases. A statement by the working group on endothelins
and endothelial factors of the european society of hypertension. J Hypertens
2005;23:233e46.

[36] Halcox JP, Schenke WH, Zalos G, Mincemoyer R, Prasad A, WaclawiwMA, et al.
Prognostic value of coronary vascular endothelial dysfunction. Circulation
2002;6(106):653e8.

[37] Targonski PV, Bonetti PO, Pumper GM, Higano ST, Holmes Jr DR, Lerman A.
Coronary endothelial dysfunction is associated with an increased risk of ce-
rebrovascular events. Circulation 2003;107:2805e9.

[38] Vasan RS, Larson MG, Leip EP, Evans JC, O'Donnell CJ, Kannel WB, et al. Impact
of high-normal blood pressure on the risk of cardiovascular disease. N Engl J
Med 2001;345:1291e7.

[39] Stamler J, Vaccaro O, Neaton JD, Wentworth D. Diabetes, other risk factors,
and 12-yr cardiovascular mortality for men screened in the Multiple Risk
Factor Intervention Trial. Diabetes Care 1993;16:434e44.

[40] Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo Jr JL, et al.
The seventh report of the joint national committee on prevention, detection,
evaluation, and treatment of high blood pressure: the JNC 7 report. J Am Med
Assoc 2003;289:2560e72.

[41] Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age specific relevance of
usual blood pressure to vascular mortality: a meta-analysis of individual data
for one million adults in 61 prospective studies. Lancet 2002;360:1903e13.

[42] Bergman RN, Stefanovski D, Buchanan TA, Sumner AE, Reynolds JC,
Sebring NG, et al. A better index of body adiposity. Obesity 2011;19:1083e9.

[43] Tietz NW. Clinical guide to laboratory tests. United States of America: W.B.
Saunders Company; 1995.

[44] Allain CC, Poon LS, Chan CS, Richmond W, Fu PC. Enzymatic determination of
total serum cholesterol. Clin Chem 1974;20:470e5.

[45] Sugiuchi H, Uji Y, Okabe H, Irie T, Uekama K, Kayahara N, et al. Direct mea-
surement of highdensity lipoprotein cholesterol in serum with polyethylene
glycol-modified enzymes and sulfated alphacyclodextrin. Clin Chem 1995;41:
717e23.

[46] Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of
low-density lipoprotein cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin Chem 1972;18:499e502.

[47] Meisinger C, Doring A, Heier M. Blood pressure and risk of type 2 diabetes
mellitus in men and women from the general population: the monitoring
trends and determinants on cardiovascular diseases/cooperative health
research in the region of augsburg cohort study. J Hypertens 2008;26:
1809e15.

[48] Stolk RP, van Splunder IP, Schouten JS, Witteman JC, Hofman A, Grobbee DE.
High blood pressure and the incidence of non-insulin dependent diabetes
mellitus: findings in a 11.5-year follow-up study in The Netherlands. Eur J
Epidemiol 1993;9:134e9.

[49] Gress TW, Nieto FJ, Shahar E, Wofford MR, Brancati FL. Hypertension and
antihypertensive therapy as risk factors for type 2 diabetes mellitus.
Atherosclerosis Risk in Communities Study. N Engl J Med 2000;342:905e12.

[50] Hayashi T, Tsumura K, Suematsu C, Endo G, Fujii S, Okada K. High normal
blood pressure, hypertension, and the risk of type 2 diabetes in Japanese men.
The Osaka Health Survey. Diabetes Care 1999;22:1683e7.

[51] Sun F, Tao Q, Zhan S. An accurate risk score for estimation 5-year risk of type 2
diabetes based on a health screening population in Taiwan. Diabetes Res Clin
Pract 2009;85:228e34.

[52] Cheung BM, Li C. Diabetes and hypertension: is there a common metabolic
pathway? Curr Atheroscler Rep 2012;14:160e6.

[53] Pinkney JH, Stehouwer CD, Coppack SW, Yudkin JS. Endothelial dysfunction:
cause of the insulin resistance syndrome. Diabetes 1997;46:S9e13.

[54] Hink U, Li H, Mollnau H, et al. Mechanisms underlying endothelial dysfunction
in diabetes mellitus. Circ Res 2001;88:E14e22.

[55] Ceriello A, Motz E. Is oxidative stress the pathogenic mechanism underlying
insulin resistance, diabetes, and cardiovascular disease? The common soil
hypothesis revisited. Arterioscler Thromb Vasc Biol 2004;24:816e23.

[56] Orban Z, Remaley AT, Sampson M, Trajanoski Z, Chrousos GP. The differential
effect of food intake and beta-adrenergic stimulation on adipose-derived
hormones and cytokines in man. J Clin Endocrinol Metab 1999;84:2126e33.

[57] Nam CH, Kyoung MK, Sung HC, Kyong SP, Hak CJ, Sung SK, Naveed S, Soo L.
High blood pressure and its association with incident diabetes over 10 Years
in the Korean genome and epidemiology study (KoGES). Diabetes Care
2015;38:1333e8.

[58] Omuse G, Maina D, Hoffman M, Mwangi J, Wambua C, Kagotho E, Amayo A,
Ojwang P, Premji Z, Ichihara K, Erasmus R. Metabolic syndrome and its pre-
dictors in an urban population in Kenya: a cross sectional study. BMC Endocr
Disord 2017;17:37.

[59] Torriani M, Gill MC, Daley S, Oliveira LA, Azedvedo CD, Bredella AM.
Compartmental neck fat accumulation and its relation to cardiovascular risk
and metabolic syndrome. Am J Clin Nutr 2014;100:1244e51.

[60] Goodpaster BH, He J, Watkins S, Kelley DE. Skeletal muscle lipid content and
insulin resistance: evidence for a paradox in endurance-trained athletes. J Clin
Endocrinol Metab 2001;86:5755e61.

[61] Thamer C, Machann J, Bachmann O, Haap M, Dahl D, Wietek B, Tschritter O,
Niess A, Brechtel K, Fritsche A, Claussen C, Jacob S, Schick F, Haring HU,
Stumvoll M. Intramyocellular lipids: anthropometric determinants and re-
lationships with maximal aerobic capacity and insulin sensitivity. J Clin
Endocrinol Metab 2003;88:1785e91.

[62] Pavanello C, Zanaboni AM, Gaito S, Botta M, Mombelli G, Sirtori CR, et al.
Influence of body variables in the development of metabolic syndrome: a long
term follow-up study. PLoS One 2018;13:e0192751.

[63] Adejumo EN, Adejumo AO, EkunAO Azenabor A, Enitan SS, Adebola OK,
Ogundahunsi OA. Anthropometric parameter that best predict metabolic
syndrome in South west Nigeria. Diabetes and Metabolic Syndrome: Clin Res
Rev 2018;13:48e54.

[64] Wang H, Liu A, Zhao T, Gong X, Pang T, Zhou Y, et al. Comparison of
anthropometric indices for predicting the risk of metabolic syndrome and its
components in Chinese adults: a prospective, longitudinal study. BMJ Open
2017;7:e016062.

[65] Chen HY, Chiu YL, Chuang YF, Hsu SP, Pai MF, Yang JY, et al. Visceral adiposity
index and risks of cardiovascular events and mortality in prevalent hemodi-
alysis patients. Cardiovasc Diabetol 2014;13:136.

[66] Chen C, Xu Y, Guo Z, Yang J, Wu M, Hu X. The application of visceral adiposity
index in identifying type 2 diabetes risks based on a prospective cohort in
China. Lipids Health Dis 2014;13:108.

[67] Omuse G, Maina D, Hoffman M, Mwangi J, Wambua C, Kagotho E, Amayo A,
Ojwang P, Premji Z, Ichihara K, Erasmus R. Metabolic syndrome and its pre-
dictors in an urban population in Kenya: a cross sectional study. BMC Endocr
Disord 2017;17:37.

[68] Adejumo EN, Ogundahunsi OA, Adejumo AO, Sotunsa J, Jagun O. Prevalence of
metabolic syndrome in a rural and urban community in South-West Nigeria
using three different definitions. Int J Trop Dis Health 2017;24:1e9.

[69] Pouliot MC, Despres JP, Lemieux S, et al. Waist circumference and abdominal
sagittal diameter: best simple anthropometric indexes of abdominal visceral
adipose tissue accumulation and related cardiovascular risk in men and
women. Am J Cardiol 1994;73:460e8.

[70] Fox CS, Massaro JM, Hoffmann U, et al. Abdominal visceral and subcutaneous
adipose tissue compartments: association with metabolic risk factors in the
framingham heart study. Circulation 2007;116:39e48.

[71] Rissanen P, Hamalainen P, Vanninen E, Tenhunen-Eskelinen M, Uusitupa M.
Relationship of metabolic variables to abdominal adiposity measured by
different anthropometric measurements and dual-energy X-ray absorptiom-
etry in obese middle-aged women. Int J Obes Relat Metab Disord 1997;21:
367e71.

http://refhub.elsevier.com/S1871-4021(18)30532-0/sref29
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref29
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref30
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref30
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref30
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref30
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref30
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref31
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref31
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref31
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref31
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref31
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref32
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref32
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref32
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref32
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref33
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref33
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref33
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref34
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref34
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref34
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref35
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref35
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref35
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref35
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref35
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref35
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref36
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref36
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref36
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref36
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref37
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref37
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref37
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref37
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref38
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref38
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref38
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref38
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref39
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref39
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref39
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref39
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref40
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref40
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref40
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref40
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref40
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref41
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref41
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref41
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref41
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref42
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref42
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref42
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref43
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref43
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref44
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref44
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref44
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref45
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref45
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref45
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref45
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref45
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref46
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref46
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref46
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref46
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref47
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref47
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref47
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref47
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref47
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref47
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref48
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref48
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref48
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref48
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref48
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref49
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref49
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref49
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref49
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref50
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref50
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref50
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref50
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref51
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref51
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref51
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref51
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref52
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref52
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref52
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref53
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref53
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref53
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref54
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref54
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref54
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref55
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref55
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref55
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref55
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref56
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref56
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref56
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref56
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref57
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref57
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref57
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref57
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref57
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref58
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref58
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref58
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref58
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref59
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref59
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref59
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref59
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref60
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref60
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref60
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref60
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref61
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref61
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref61
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref61
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref61
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref61
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref62
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref62
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref62
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref63
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref63
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref63
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref63
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref63
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref64
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref64
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref64
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref64
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref65
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref65
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref65
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref66
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref66
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref66
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref67
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref67
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref67
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref67
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref68
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref68
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref68
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref69
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref69
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref69
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref69
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref69
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref70
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref70
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref70
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref70
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref71
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref71
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref71
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref71
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref71
http://refhub.elsevier.com/S1871-4021(18)30532-0/sref71

	Association between high blood pressure with risk of type 2 diabetes, metabolic syndrome and its predictors: A cross-sectio ...
	1. Introduction
	2. Materials and methods
	3. Statistical analysis
	4. Results
	5. Discussion
	Appendix A. Supplementary data
	References


