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Abstract

Background: Insulin resistance, which precedes by many years the onset of and accompanies type II diabetes
(T2D), is strongly associated with a clustering of cardiovascular risk factors, termed metabolic syndrome (MetS).

Objectives: The aim of this study was to investigate the extent of MetS risk in T2D Ethiopian patients.

Methods: A total of 72 T2D patients and 20 normal healthy controls without MetS were studied. Based on
the world health organization criteria, 59.72% (43/72) of the patients had MetS. 

Results: Type 2 diabetic patients with MetS (0.953 ± 0.007) were significantly (P<0.01) obese than those without
(0.913 ± 0.012). Plasma total triglyceride (TG) (206.9 ± 16.91) and blood pressure (138.8 ± 3.247) were strongly
significantly high (P<0.001) in patients with MetS as compared to those without MetS (104.4 ± 6.766 and 122.8 ±
2.725, respectively). On the other hand, plasma high density lipoprotein-cholesterol (40.91 ± 3.070) and total
peroxide (0.055 ± 0.001) were found at a significantly (P<0.05) lower amounts in patients with MetS as compared to
those without (50.90 ± 2.601 and 0.052 ± 0.001, respectively). In patients with MetS, the IR index showed a
significant association (P<0.05) with the dyslipidemia markers: TG (r=0.254), low density lipoprotein-cholesterol
(r=0.262), and total cholesterol (r=0.320). Waist-hip circumference ratio showed a positive significant correlation with
blood pressure (r=0.330, P<0.05) and C-reactive protein was strongly associated with serum insulin concentration
(r=0.382, P<0.01).

Conclusion: Ethiopian T2D patients with MetS are at a greater risk of hypertensive, dyslipidemia and oxidative
stress states, and developing cardiovascular disorders. Interventions should be planned to help those patients
avoid/delay onset of cardiovascular complications anticipated upon the accumulation of predisposing factors that are
components of MetS.
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protein; Total peroxides; Dyslipidemia; Insulin resistance; Central
obesity

Introduction
Type II diabetes (T2D) is a complex and progressive disease that is

strongly associated with obesity and Insulin Resistance (IR) as its main
characteristic features[1]. Insulin resistance is an early event and
precedes the onset of T2D by many years [2]. However, during its
early stage IR is compensated by hyperinsulinemia, thus preserving
normal glucose tolerance. Deterioration into impaired glucose
tolerance occurs when either IR increases or the insulin secretory
response of the β-cells decreases, or both [3]. This is partly induced by
the apparent hyperglycemia that translates into progressive
deterioration and degranulation of β-cells, often accompanied by a
decreased β-cell mass [1].

Insulin resistance coexists not only with T2D but also with a
constellation of cardiovascular risk factors that world health
organization (WHO) designated as metabolic syndrome (MetS) [4].

Insulin resistance is thought to be the mechanism driving the other
components of MetS [5]. Furthermore, MetS is accompanied by a
proinflammatory and prothrombotic state [6] that enhances the
potential for acute thrombosis through hypercoagulability and
impaired fibrinolysis [7] to finally precipitate cardiovascular disease
(CVD). An emerging body of evidence documents associations of
elevated low-grade inflammation markers such as C-reactive protein
(CRP) concentrations in individuals with IR [8].

On the other hand, IR can be induced and aggravated by increased
oxidative stress (OxS), which is common in T2D [9]. Association of IR
with OxS resembles a vicious circle. Oxidative stress increases IR
through interference with intracellular insulin signaling [10]. Chronic
hyperinsulinemia secondary to IR can, in turn, be responsible for the
generation of free radicals and decrease in antioxidant enzyme activity
[9,11]. Given the risk of CVD to diabetic patients, there is a need to
investigate the underlying alteration in the constellation of
components of MetS in T2D patients in order to improve recognition
of individuals at risk of future CVD and alleviate the complications
patients could face. Studies have evaluated this association among
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other ethnic groups. However, to our knowledge, there was no report
on the Ethiopian T2D patients. We, therefore, sought to evaluate the
underlying alterations in Ethiopian T2D patients with MetS.

Materials and Methods
The study proposal was reviewed and approved by the Ethical

Review Committee of the Faculty of Medicine of Addis Ababa
University. Permission to conduct the study was also obtained from
the department of Internal Medicine. Before starting the study, all
voluntary participants were given an explanation on the purposes and
methods of the study. Informed written consent was obtained from
each study participant prior to his/her enrolment in the study.

This project applied a cross-sectional study design and conducted at
Tikur Anbessa Specialized Hospital, Faculty of Medicine, Addis Ababa
University, Addis Ababa, Ethiopia. A total of 72 T2D patients (36 men
and 36 women) regularly attending the diabetic clinic participated in
the study. Socio-economically matching 20 (12 males and 8 females)
normal healthy subjects were included in the study. They were staff
members and post-graduate students of the faculty with normal BMI
and without MetS (Table 1).

Parameter Control(n = 20) Patient (n = 72) P values <

(Unpaired t-test)

BMI (Kg/m2) 22.55 ± 0.698 25.56 ± 0.470 0.01

WC (cm) 83.05 ± 2.660 96.05 ± 1.214 0.001

HC (cm) 94.65 ± 1.864 102.7 ± 1.197 0.01

WHR 0.87 ± 0.014 0.937 ± 0.007 0.001

SBP (mmHg) 118.50 ± 1.957 132.4 ± 2.404 0.01

DBP (mmHg) 75.00 ± 1.539 81.21 ± 1.138 0.01

FBG (mg/dL) 76.45 ± 2.775 180.8 ± 7.562 0.001

CRP (mg/dL) 1.48 ± 0.208 21.7 ± 4.605 0.05

HDL-C (mg/dL) 61.35 ± 3.721 44.95 ± 2.176 0.01

LDL-C (mg/dL) 50.83 ± 6.599 89.65 ± 5.753 0.05

TG (mg/dL) 147.40 ± 11.410 161 ± 10.190 NS

Insulin (mU/L) 4.75 ± 0.288 5.205 ± 0.212 NS

TP (µM) 0.051 ± 0.001 0.054 ± 0.001 NS

HOMA-IR (mU/
L.mM)

0.913 ± 0.079 2.319 ± 0.145 0.01

Table 1: Anthropometric, clinical and biochemical characteristics
assessment of the study Ethiopian Type II diabetic patients and
healthy controls. Abbreviations: BMI = Body Mass Index; DBP =
Diastolic Blood Pressure; CRP = C-Reactive Protein; FBG = Fasting
Blood Glucose; HC = Hip Circumference; HDL-C = High Density
Lipoprotein-Cholesterol; HOMA-IR = Homeostasis Model
Assessment-Insulin Resistance; LDL-C = Low Density Lipoprotein-
Cholesterol; SBP = Systolic Blood Pressure; TG = Triglycerides; TP =
Total Peroxide; WC = Waist Circumference; WHR = Waist-Hip
Circumference Ratio; NS = Non-Significant Difference. Data
presented are means ± SEM.

After an overnight fasting 5 mL blood was drawn from antecubital
vein of the arm of each study participant into anti-coagulant free blood
collection vacutainer tubes. The whole blood was left to stand
vertically for 30 minutes on ice and the serum from the sample was
processed and collected by centrifugation at 3000 rpm for 10 minutes
at 4°C. The separated serum was aliquot stored at -70°C until further
analysis.

Medical history (age, sex, drugs, smoking, alcohol consumption,
and duration of diabetes) and anthropometric measurements (height,
weight, waist, and hip circumference) were taken. Waist circumference
(WC) was measured with a soft measuring tape on standing subjects
midway between the lowest rib and the iliac crest to the nearest 0.1 cm
at minimal respiration. Hip circumference (HC) was taken at the
greatest gluteal protuberance to the nearest 0.1 cm. The WC-HC ratio
was calculated to get the WHR. Weight was measured with a lever
balance, to the nearest 100 g, while subjects wore light clothing
without shoes. Height was measured, to the nearest 0.5 cm, without
shoes, with a measuring tape, with eyes looking straight ahead, with a
right-angle triangle resting of the scalp against the wall. Body mass
index (BMI) was calculated as weight in kilogram divided by height in
meter square expressed in kg/m2.

Blood Pressure measurements were taken on the right arm twice
after the subject had been seated in supine position for at least 5
minutes, with a standard sphygmomanometer, and the mean blood
pressure value in mmHg was used. A questionnaire was administered
for each participant, both patients and normal controls, to collect
other demographic details.

Fasting blood glucose (FBG), high density lipoprotein-cholesterol
(HDL-C), total triglyceride (TG) were assayed by enzymatic methods
(Biocon® Diagnostik, Vöhl-Marienhagen, Germany). C-reactive
protein was assayed with a quantitative turbidimetric immunoassay
(Linear Chemicals, S.L., Barcelona, Spain). Insulin was assayed with a
solid phase two-site immunoassay (Mercodia AB, Uppsala, Sweden).
Total peroxide (TP) concentration was determined using the ferric–
xylenol orange “FOX” method [12]. Low density lipoprotein-
cholesterol (LDL-C) was determined using Friedewald’s equation [13].

The present study used the WHO criteria to identify patients with
MetS [5]. Homeostasis model assessment of IR (HOMA-IR) was used
for measurement of insulin sensitivity [14].

To avoid confounding by exogenously taken insulin, patients under
insulin therapy were excluded. Further, patients with liver disease,
thyroid disease, Cushing’s syndrome, alcoholics, smokers, those taking
lipid lowering drugs, patients suffering from arthritis, and patients
with HIV on anti-retroviral drug were excluded.

Information obtained from questionnaire and laboratory analyses
was analyzed using Prism 3.0 package (GraphPad Software, Inc, San
Diego, CA, USA) and Microsoft Excel 2003. The minimum level of
statistical significance was set at p<0.05. The data was expressed as
Mean ± SEM. Results were analyzed statistically using column
statistics and t-test for comparison of unpaired two-tailed variables.
Group differences were determined by analysis of variance (ANOVA)
with post hoc testing using the Newman-Keuls method. Correlation
among the investigated parameters in each group was tested by the
non-parametric Spearman's analysis.
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Results
Table 1 shows that means of anthropometric and clinical

parameters were significantly different between healthy controls and
T2D patients in general. Biochemical investigation of serum FBG,
CRP, HDL-C and LDL-C revealed significant mean differences
between control groups and T2D patients. Differences in mean serum
TG, TP, and insulin concentration remained insignificantly high in
T2D patients, however. The mean age of the controls and patients was
35.45 ± 1.019 and 54.85 ± 1.242, respectively.

Table 2 presents ANOVA results on the differences in the mean
values of investigated parameters in healthy control subjects as
compared to T2D patients sub grouped on the basis of MetS, with and
without.

Parameter Control vs. Without Control vs. With Without vs.
With

WHR 0.05 0.001 0.01

HDL-C 0.05 0.001 0.05

SBP/DBP NS 0.001 0.001

TG NS 0.01 0.001

TP NS 0.05 0.05

CRP 0.05 0.01 NS

LDL-C 0.01 0.05 NS

HOMA-IR 0.001 0.001 NS

Table 2: Anthropometric, clinical and biochemical characteristics
assessment of the study Ethiopian Type II diabetic patients stratified
by metabolic syndrome as compared to healthy control groups.
Abbreviations: DBP = Diastolic Blood Pressure; CRP = C-Reactive
Protein; HDL-C = High Density Liporotein-Cholesterol; HOMA-IR =
homeostasis model assessment-Insulin Resistance; LDL-C = Low
Density Liporpotein-Cholesterol; SBP = Systolic Blood Pressure; TG =
Triglycerides; TP = Total Peroxide; WHR = Waist-Hip Circumference
Ratio; NS = non-significant difference; Values are means ± SEM.

Comparing between all the three groups (Healthy controls, patients
without MetS and patients with MetS), waist-hip circumference ratio
(WHR) (0.876 ± 0.014) was significantly lower in controls than that of
patients without MetS (0.913 ± 0.012; P<0.05) and with MetS (0.953 ±
0.007; P<0.001). Comparing the two patients’ subgroups (with vs.
without MetS) revealed a significant difference (P<0.01) too. High
density lipoprotein-cholesterol control level (61.35 ± 3.740 mg/dL)
was significantly higher than patients without MetS (50.90 ± 2.601
mg/dL, P<0.05) and patients with MetS (40.91 ± 3.070 mg/dL;
P<0.001). Comparing patients’ subgroups revealed a significant
difference (P<0.05).

Systolic blood pressure (SBP), TG and TP resulted in insignificant
differences when comparing healthy controls with T2D patients
without MetS. However, the controls’ level of SBP (118.5 ± 1.957
mmHg) was significantly lower than that of patients with MetS (138.8
± 3.247 mmHg, P<0.001), with very strong significant difference
(P<0.001) between patient subgroups. Total TG in healthy control
subjects (147.4 ± 11.41) was significantly lower than patients with
MetS (206.9 ± 16.91 mg/dL; P<0.01). Comparison of patients'
subgroups revealed a highly significant difference (P<0.001). Serum

TP in healthy control volunteer subjects (0.051 ± 0.001) as compared
to that of patients with MetS were significantly lower (0.056 ± 0.001;
P<0.05).

On the other hand, HOMA-IR, CRP and LDL-C revealed
insignificant differences between patients’ subgroups. Healthy
controls’ IR index (0.913 ± 0.079) was strongly significantly lower
(P<0.001) as compared to that of patients without (2.148 ± 0.259) and
with MetS (2.434 ± 0.169). Serum CRP in healthy volunteer subjects
(1.480 ± 0.208 mg/dL) was significantly lower than patients without
MetS (21.31 ± 7.926 mg/dL) and patients with MetS (21.880 ± 5.651
mg/dL), P<0.05 and P<0.01 respectively. The values of LDL-C in
healthy subjects (50.83 ± 6.599 mg/dL) was significantly lower than
each of patients without MetS (98.52 ± 9.744 mg/dL) and with MetS
(81.53 ± 6.733 mg/dL), P<0.01 and P<0.05 respectively.

In a correlation analyses in T2D patients with MetS, IR state
significantly positively (P<0.05) associated with each of the
dyslipidemia markers; TG (r=0.254), LDL-C (r=0.262) and TC
(r=0.320). Waist-hip circumference ratio significantly positively
(P<0.05) correlated with each of the SBP (r=0.259) and DBP (r=0.330).
C-reactive protein revealed a strongly significant positive (P<0.01)
correlation with serum insulin concentration (r=0.382).

Among parameters investigated in T2D patients population as a
whole serum insulin concentration revealed a significant negative
(r=-0.243, P<0.05) association with HDL-C and a positive significant
association with WC (r=0.409, P<0.001) and DBP (r=0.238, P<0.05).
WHR showed a significant positive correlation with SBP (r=0.288,
P<0.01) and DBP (r=0.329, P<0.01). Total triglyceride showed a
significant negative correlation with SBP (r=0.273, P<0.05), DBP
(r=0.341, P<0.01), and TP (r=0.271, P<0.05). Insulin resistance
revealed a significant positive correlation with DBP (r=0.239, P<0.05),
CRP (r=0.221, P<0.05), and TG (r=0.260, P<0.05). C-reactive protein
showed a significant negative association with TAC (r=-0.243,
P<0.05).

Discussion
Type II diabetes patients with MetS in the present study were

significantly obese as compared to those without MetS. In addition to
that, dyslipidemia, an increase in circulating TG and a low level in
HDL-C, characterized them. In the association study, dyslipidemia
was highly correlated with IR index of patients with MetS. The current
dominant paradigm is that IR leads to dyslipidemia although it is still
possible that dyslipidemia may also cause IR [15]. The vicious
“dyslipidemia-IR-hyperinsulinemia” cycle has been forwarded to
explain this phenomenon [16].

It is not all the possible list of dyslipidemia, however, that could
possibly be causal factors or results of IR. Instead, dyslipidemia
consisting of high TGs and low HDL-C is a widely recognized lipid
pattern that is frequently associated with IR and subsequent
development of chronic heart disease (CHD). Furthermore, in
Framingham Heart Study incident CHD risk that is associated with
low plasma HDL-C or hypertriglyceridemia was significantly increased
only in the presence of IR [17]. Taken together, these results implicate
that the study subjects with MetS in this study are at increased risk of
developing CVD, as they had hypertriglyceridemia and low HDL-C.

Although there are several causes of CVD, atherosclerosis (leading
to CHD) and/or hypertension are the most common ones. The
dyslipidemic and obesity state in this study is accompanied by a
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pronounced increase in blood pressure in patients with MetS. Excess
weight gain contributes to increased blood pressure, partly due to
activation of the sympathetic nervous system in the kidney that results
in increased renal sodium reabsorption and impaired pressure
natriuresis, which appears to be mediated in part by increased levels of
the adipocyte-derived hormone leptin [18].

There are emerging biochemical explanations for the association of
dyslipidemia with CHD, in the presence of IR. In a hyperlipidemic
animal model an increased ROS generation and an over expression of
the NADPH oxidase gp91phox subunit have been demonstrated [19].
This indicates that the patients in the present study were at increased
risk of developing CHD as they had elevated TP in their sera.
Currently, OxS is considered as a novel component of the MetS.
Assessment of plasma OxS may contribute to identify a subset of MetS
patients at increased cardiovascular risk, candidates to more intensive
therapies [20]. Previous study reported higher OxS level in subjects
with more MetS components [21].

The OxS in diabetics is possibly mediated to a significant extent via
increased production of ROS from the high glucose, possibly in
concert with fatty acids. Oxidative stress activates a number of cellular
stress response pathways [10]. These pathways lead to both IR and
impaired insulin secretion. Reports highlighted that central obesity, IR
and dyslipidemia significantly correlate with antioxidant enzymes
activity [21]. Although all body cells are bathed in the hyperglycemic
state in T2D, endothelial cells are extremely vulnerable. Exposure of
endothelial cells to high glucose leads to augmented production
of superoxide anion, which may quench nitric oxide, a potent
endothelium-derived vasodilator that participates in the general
homeostasis of the vasculature [22]. With all these effects increases in
OxS may contribute to impaired vascular function, inflammation,
thrombosis, and atherosclerosis and ultimately give rise to vascular
disease [23].

In addition to OxS, subjects with MetS have a higher inflammation
status [24]. In clinical studies it is confirmed that inflammation
contributes towards the early stages of CHD [25].Correlation analysis,
in the present study, revealed that serum insulin concentration is
strongly correlating with CRP which is in line with previous reports. In
Peruvian adults elevated CRP was significantly associated with
increased mean fasting insulin [8]. In addition, the level of CRP was
found higher in U.S. youth who had the MetS[26].One of the
mechanisms that could explain the inflammation that was observed in
the present study could be obesity state of the patients. A study in
Portuguese implicated an increase in inflammation (level of CRP) with
severity of obesity and high blood pressure [27].The Nod Like
Receptor (NLR) family of innate immune cell sensors like the Nlrp3
inflammasome senses obesity-associated ‘danger-signals’, such as
ceramide. Nlrp3 contributes to obesity-induced inflammation and IR
[28]. This is worsened by the accumulation of macrophages that
secrete proinflammatory mediators [29]. All culminate into a
combination of altered functions of insulin target cells; such as in
adipose tissue, liver, and skeletal muscle [30].

Above all the OxS and inflammation states are cross-talking with
one another and could ultimately exert devastating effects.
Inflammation increases the production of ROS resulting in an
increased OxS with over-activation of NADPH oxidase [31]. This
process reduces the bioavailability of NO. On the other hand, OxS
alters the nature, pattern, and magnitude of cytokines produced. With
all these effects OxS could play the central role in the alterations
observed in patients with MetS increased. This is in agreement with a

Japanese report which indicated that OxS in accumulated fat is an
important pathogenic mechanism of obesity-associated MetS [32].

Taken together, in our Ethiopian T2D patients, central obesity,
followed by dyslipidemia and low-grade inflammation and OxS, are
the main pathogenic mechanism underlying the metabolic changes
observed in the study subjects with MetS that predisposes T2D
patients to hypertension and risk of CVD. In a proof, patients without
MetS had comparable state of blood pressure, lipid profile, and OxS as
compared to controls. Since patients with the MetS have greater risk of
developing the CVD, this study can help make proper guidelines for
prevention and screening, at early time, in T2D Ethiopian patients.
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