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Abstract
Background: Presence of metabolic syndrome (MS) in people with diabetes
confers increased cardiovascular and diabetes-specific micro- and macrovascular complications. The pathogenic pathways for metabolic syndrome are
still issues for discussion especially in some special groups like those with type
2 diabetes mellitus (T2DM). Recent evidences suggest that inflammation may
play a key role in MS. This study assessed the relationship between MS (and
its component risks) and markers of inflammation (high-sensitivity C-reactive
protein {hs-CRP} and white blood cells {WBC}). Methods: A cross-sectional
study involving 108 patients with T2DM. Anthropometric measurements and
clinical examination were conducted. Blood sample was collected for hs-CRP,
WBC, glycated haemoglobin etc. Metabolic syndrome was defined using the
International Diabetes Federation criteria. Ethical approval was granted and
informed consent was obtained from participants. Results: Mean age of male
and female participants were 58.00 ± 7.01 years and 55.48 ± 8.35 years respectively (p = 0.092). Eighty-two (75.9%) participants had metabolic syndrome.
Median values of hs-CRP and total WBC were 0.89mg/L and 5.73 x103/mm3
respectively. On correlation, hs-CRP showed statistically significant association with waist circumference (r = 0.194; p = 0.044), fasting plasma glucose (r
= 0.191; p = 0.048) and serum triglycerides (p = 0.226; r = 0.019). There was
no statistically significant association between WBC and the metabolic
components. Conclusion: Prevalence of metabolic syndrome is high, and
C-reactive protein was associated with waist circumference, fasting plasma
glucose and serum triglycerides.

DOI: 10.4236/jdm.2017.73017 August 30, 2017

D. O. Soyoye et al.

Keywords
C-Reactive Protein, Inflammatory Markers, Metabolic Syndrome, Type 2
Diabetes Mellitus

1. Introduction
Insulin resistance syndrome, Reaven’s syndrome, deadly quartet, metabolic cardiovascular syndrome etc., are some of the names that have been used to describe the metabolic syndrome (MS) [1] [2] [3]. It denotes a constellation of risk
factors whose presence confers increased atherosclerotic cardiovascular and metabolic risks that is more than the sum of the risks associated with individual
abnormalities [1] [2] [4]. The traditional component risks of the syndrome include raised fasting plasma glucose, blood pressure, triglycerides, reduced
high-density lipoprotein cholesterol (HDL) and central obesity [4] [5], but it has
been suggested that other non-traditional risks such as insulin resistance, inflammation, thrombosis etc., are possible components [4].
The clinical and epidemiologic implications of this syndrome are reflected by
increased incidence of type 2 diabetes (T2DM), cardiovascular disease (CVD)
and mortality [6] [7]. The association of MS and T2DM appears to be stronger
compared with its association with cerebrovascular disease, coronary heart disease or CVD [3] [8]. Metabolic syndrome not only results in increased occurrence of T2DM, but also in the development of its microvascular and macrovascular complications [9] [10].
The main pathophysiological abnormality of this syndrome remains open for
discourse. Environmental and genetic influences are suggested as contributors to
its occurrence [4]. Insulin resistance is generally regarded as the principal underlying abnormality of MS, however, other authors have postulated that this
syndrome may be caused by some of its component risks including obesity, dyslipidaemia, abnormalities in the adipose tissue and chronic inflammation [11]
[12].
The relationship between metabolic syndrome and inflammation may still
remain unclear, but available evidence suggests that inflammation may play a
major role in mediating both insulin resistance in vascular endothelium, and
may contribute to the link between conditions such as metabolic syndrome, type
2 diabetes and CVD [13] [14]. Inflammatory markers that may be increased in
response to increase in adipose tissue include tumour necrosis factor α (TNF-α),
interleukin 6 (IL-6) and C-reactive protein (CRP).
Inflammatory markers in association with metabolic syndrome have been
mainly studied among Caucasians, but most studies on metabolic syndrome in
Africans have been limited to prevalence studies. Studies on the possible association of inflammation and/or inflammatory markers in people with metabolic
syndrome in Africans are sparse. Also, studies of metabolic syndrome among
people with diabetes seem surprisingly fewer than expected. This study evaluated
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the relationship between metabolic syndrome and markers of inflammation
(high-sensitivity C-reactive protein {hs-CRP} and total white blood cell {WBC})
among Nigerians.

2. Patient and Methods
This cross-sectional study involved 108 consecutive adult Nigerians with type 2
diabetes attending the diabetes out-patient clinic of a tertiary hospital in South-West
Nigeria. Ethical approval was sought and granted by the hospital’s Ethics and
Research Committee. Written informed consent was obtained from participants.
Participants with features of infection within a month prior to recruitment were
excluded. Patients presenting with diabetic emergencies and other acute clinical
conditions e.g. myocardial infarction, cerebrovascular disease were similarly excluded. Clinical history and relevant clinical examination were performed and
documented. Weight, height and waist circumference (WC) were measured using standard protocols [15], and body mass index (BMI) was calculated [16].

2.1. Laboratory Investigation
Blood samples were collected after eight hours overnight fast for determination
of serum levels of total cholesterol, low-density lipoprotein (LDL), high-density
lipoprotein (HDL), triglycerides, fasting plasma glucose (FPG). Glycated haemoglobin was measured using the Bio-Rad in2it System (Deeside, UK). Sysmex
KX-21N Haematology Analyzer (Illnois, USA) was used for full blood count estimation (including white cell counts). High-sensitivity C-reactive protein was
measured using a solid phase enzyme-linked immunosorbent assay (Diagnostic
Automation Inc., California, USA).

2.2. Definition of Metabolic Syndrome
Metabolic syndrome (MS) was diagnosed using the International Diabetes Federation (IDF) criteria [4] [17]. Since all the participants were patients with type 2
diabetes, waist circumference ≥94 cm in males or ≥80 cm in females, and any
one of the following was used as the criteria to diagnose people with metabolic
syndrome: systolic BP ≥ 130 or diastolic BP ≥ 85 mm Hg or treatment of previously diagnosed hypertension; serum triglycerides ≥150 mg/dL (1.7 mmol/L)
or specific treatment for this lipid abnormality; <40 mg/dL (1.03 mmol/L) in
males or <50 mg/dL (1.29 mmol/L) in females or specific treatment for this lipid
abnormality [4] [17].

2.3. Data Analysis
Data was analyzed using the Statistical Package of Social Sciences (SPSS) version
20. Categorical variables were expressed using frequency and percentages. Continuous variables were expressed in means, and differences in means between a
continuous variable and dichotomous variable was done using the Student’s t
test for normally distributed variables, and using Mann Whitney U test for variables that were not distributed normally. Relationship between hs-CRP and
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WBC and the components risks of MS was evaluated using the Spearman’s correlation. Statistical significance was set at p < 0.05.

3. Results
This study involved 46 males and 62 females, with mean age of 58.00 ± 7.01
years and 55.48 ± 8.35 years respectively (p = 0.092), and have been diagnosed
with type 2 diabetes between one to twenty-five years. Most of the participants
were either traders, civil servants or retiree with rates of 41.3%, 25.3% and 21.3%
respectively. Seventy (64.8%) participants were hypertensive [male = 27 (25.0%)
vs. female 43 (39.8%); p = 0.251]. Females had significantly higher mean BMI
and serum LDL level; the mean waist-to-hip ratio (WHR) was significantly
higher among males. There was no statistical difference in the mean values of
the other clinical or laboratory parameters considered among male and female
participants. Table 1 shows mean anthropometric, clinical and laboratory variables of the participants.
Metabolic syndrome defined by the IDF criteria occurred among 82 (75.9%)
of the study participants; 25 (54.3%) of the male participants and 57 (91.9%) of
the female participants (p < 0.001). Reduced HDL, hypertension, central obesity,
and elevated triglycerides occurred among 81.5%, 79.6%, 76.9% and 30.6% of the
participants respectively. Three (2.8%), 11 (10.2%), 26 (24.1%), 44 (40.7%) and
24 (22.2%) of the participants had one, two, three, four and five of the components of metabolic syndrome respectively. Median values of hs-CRP and total
WBC were 0.89 mg/L and 5.73 × 103/mm3 respectively. Figure 1 and Figure 2
Table 1. Mean anthropometric, clinical and laboratory variables among participants.
Variable

Male

Female

p value

n = 66

n = 84

Body mass index (kg/m2)

25.87 ± 3.90

29.57 ± 5.26

<0.001

Waist circumference (cm)

95.32 ± 11.04

98.19 ± 13.35

0.225

Waist-to-hip ratio

0.99 ± 0.08

0.94 ± 0.07

0.002

Systolic BP (mmHg)

131.61 ± 14.78

133.98 ± 20.51

0.486

Diastolic BP (mmHg)

81.57 ± 10.95

83.24 ± 11.77

0.448

FPG (mmol/L)

8.10 ± 4.31

7.65 ± 3.22

0.547

Glycated haemoglobin (%)

7.96 ± 2.39

8.05 ± 2.08

0.835

Total cholesterol (mmol/L)

4.12 ± 0.86

4.49 ± 1.00

0.058

LDL (mmol/L)

2.64 ± 0.75

2.92 ± 0.83

0.036

HDL (mmol/L)

1.01 ± 0.17

1.00 ± 0.18

0.722

Triglycerides (mmol/L)

1.00 ± 0.26

1.08 ± 0.33

0.207

Total WBC (×10 /mm )

6.14 ± 1.31

5.96 ± 1.17

0.471

Hs-CRP (mg/L)

1.23 ± 1.44

1.68 ± 1.76

0.146

3

3

FPG = Fasting plasma glucose; LDL = low-density lipoprotein; HDL = high-density lipoprotein; hs-CRP =
high sensitivity C-reactive protein; WBC = white blood cells.
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Figure 1. Distribution of hs-CRP and component risks of metabolic syndrome among
participants.

Figure 2. Distribution of total white blood cell and component risks of metabolic syndrome among participants.

shows box plot distribution of number of metabolic syndrome components
among participants with serum hs-CRP and total WBC respectively.
Median values of hs-CRP in participants with one, two, three, four and five
metabolic risks were 0.47 mg/L (interquartile range, 0.26 - 0.74 mg/L), 1.20 mg/L
(interquartile range, 0.72 - 2.77 mg/L), 0.90 mg/L (interquartile range, 0.24 - 2.08
cmg/L), 0.65mg/L (interquartile range, 0.27 - 1.61 mg/L) and 1.04 mg/L (interquartile range, 0.59 - 3.03 mg/L) respectively.
Median values of total WBC in participants with one, two, three, four and five
MS components were 5.30 × 103/mm3 (interquartile range, 4.35 - 5.45 × 103/
mm3), 5.80 × 103/mm3 (interquartile range, 5.30 - 6.45 × 103/mm3), 6.15 ×
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103/mm3 (interquartile range, 5.30 - 7.30 × 103/mm3), 5.60 × 103/mm3 (interquartile range, 5.20 - 6.75 × 103/mm3) and 5.60 × 103/mm3 (interquartile range,
5.00 - 7.15 × 103/mm3) respectively.
Using the Mann Whitney U test, mean hs-CRP was higher in participants
with MS (1.52 ± 1.69 mg/L) compared with participants without it (1.39 ± 1.48
mg/L), this did not however attained statistical significance (p = 0.825). Mean
total WBC was similar in patients with and without MS (p = 0.233). A consideration of the relationship of hs-CRP with the component risks of MS showed a
statistically significant positive correlation between hs-CRP and waist circumference (r = 0.194; p = 0.044), fasting plasma glucose (r = 0.191; p = 0.048) and
serum triglycerides (p = 0.226; r = 0.019). There was no statistical significant
correlation between total WBC and any of the metabolic risks. Table 2 is a
Spearman’s correlation analysis showing the relationship between hs-CRP and
total WBC with component risks of metabolic syndrome.

4. Discussion
The high prevalence of MS among Nigerians with T2DM has been stated earlier
[18] [19] [20], consistent with our findings in this study. Metabolic syndrome in
people with diabetes presents an innocuous association, as it does not only increase the occurrence of other cardiovascular complications, but may be involved in the pathogenesis of specific diabetic microvascular and macrovascular
complications [10]. Inflammation is a non-traditional risk in explaining the occurrence of MS and its component risks. In this study, we evaluated the association of MS and its component risks with hs-CRP and total white blood cells.
This study further emphasized the high occurrence of MS in T2DM. Prevalence of MS may be affected by the population studied and the diagnostic criteria
used. In this study, using the IDF criteria, a prevalence rate of 75.9% was found
among participants with a significantly higher occurrence among females. Puepet et al. [19] reported a lower prevalence of 63.3% among people with T2DM
using IDF criteria in North Central Nigeria, and a male preponderance. The
Table 2. Relationship between high-sensitivity CRP and total WBC and component risks
of metabolic syndrome.
Metabolic syndrome
components

Hs-CRP

Total WBC

r

p value

r

p value

Waist circumference

0.194

0.044

0.138

0.153

Systolic BP

0.037

0.707

0.091

0.348

Diastolic BP

0.059

0.547

0.007

0.940

Fasting blood glucose

0.191

0.048

0.104

0.286

High-density
lipoprotein

0.182

0.059

−0.025

0.795

Triglycerides

0.226

0.019

−0.131

0.175

hs-CRP = high sensitivity C-reactive protein; WBC = white blood cells; BP = blood pressure.
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higher prevalence of MS in this study compared to Puepet et al. may be due to
different prevailing occupations in the study participants. Most of the participants in this study were traders who usually sell wares in shops, and hence may
be mainly sedentary. Most of the other studies [18] [20] [21] [22] in Nigeria used
other diagnostic criteria apart from the IDF criteria. Out of these studies, those
[18] [21] [22] done in South-West Nigeria, reported higher prevalence in females as obtained in this study.
C-reactive protein is an acute phase reactant of the pentagastrin family of
proteins, and it increases with injury, tissue death or inflammation [23]. Elevated
CRP has been suggested as part of the ‘platinum standard’ definition of additional metabolic measurements which may be associated with metabolic syndrome [4]. Studies have confirmed this possible association of CRP and MS. In a
study involving 190 obese individuals, Florez et al. [24] reported a higher CRP
level among obese patients with MS, and it correlated with waist circumference
and BMI among the study participants. In a study by Ye et al. [25] involving
3289 aged 50 to 70 years where MS was diagnosed using the National Cholesterol Education Program-Adult Treatment Panel III (NCEP-ATP III), CRP medians increased with number of components of MS, and CRP was also observed
to be correlated with BMI and WC. In this study, higher hs-CRP was observed in
diabetic patients with MS compared with diabetics without MS. Median values
of hs-CRP increased with numbers of components of MS, though non-linearly.
This is similar to findings by Ye et al. and Florez et al. [24] [25].
There have been some variations in relationship of CRP and component risks
of MS. In our study, hs-CRP correlated positively with waist circumference,
fasting plasma glucose and serum triglycerides level respectively. Association of
hs-CRP with waist circumference has also been reported in other studies [24]
[25] [26] [27]. As reported in our study, hs-CRP was associated with waist circumference and triglycerides levels in a study in Netherlands involving 1165
people with central obesity [28]. High-sensitivity CRP was also found to be particularly associated with FPG in a report by Mirhafez et al. [29] as observed in
our study.
White cell count is a readily available measure of inflammation in this environment and presumably in most developing nations. Assessment of the association between MS and its components and total peripheral WBC count showed
that mean total WBC was not significantly different among participants with MS
and those without it. Total WBC increased with numbers of MS, this trend was
not however perfectly linear. There was no significant correlation between
components of MS and total WBC. Our findings contrast with those reported by
Park et al. [30], where 104 nondiabetic patients undergoing peritoneal dialysis
were assessed and MS was defined using the NCEP-ATPIII criteria. They found
higher WBC in the participants with MS. Also WBC increased significantly with
number of MS, and was positively correlated with BMI, homeostatic model assessment of insulin resistance (HOMA-IR), and triglycerides and negatively
correlated with HDL.
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Obesity, a major component of the MS is characterized by chronic inflammation and is accompanied by elaboration of cytokines such TNF-α, and IL-6,
which is a major stimulus for hepatic CRP secretion [31] [32]. It has been postulated that obesity, by secreting these cytokines and perpetuating a state of
chronic low-grade inflammatory, may result in insulin resistance, endothelial
and other cardiovascular dysfunctions [33] [34].

5. Limitations
The cross-sectional method adopted in this study may be a limitation as the association from correlation study may not denote causal link, hence causal association of inflammation with metabolic syndrome may need to be further evaluated in prospective studies. Also the relatively small size of the study may result in non-significant associations where larger studies would have shown significance. This may explain lack of statistical significance obtained between total
WBC and MS.
Despite these limitations, we believe, to the best of our knowledge, that this
would be the first study that aimed to evaluate the association of inflammatory
markers with MS in a cohort of type 2 diabetics in this environment. It should
therefore provide a good stimulus for further studies among our diabetic patients with metabolic syndrome.

6. Conclusion
Prevalence of MS is high in our setting, and CRP was associated with the MS in
type 2 diabetics. C-reactive protein has a positive correlation with WC, FPG and
triglycerides. Diagnosis and treatment of these component risks may reduce the
chronic inflammation that characterizes the syndrome.
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