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Abstract

Background: Inflammation is linked to the aetiopathogenesis of Metabolic syndrome (MetS).

Objective: To assess the ability of high sensitivity C-Reactive Protein (hs-CRP), Tumour Necrosis Factor-alpha (TNFa)
and Interleukin-6 (IL-6) to predict MetS.

Methods: A case-control study involving 123 subjects with MetS (cases) and age-matched 123 subjects. without MetS
(controls) was conducted. The levels of TNFa, IL-6, and hs-CRP between independent groups were compared. The
Receiver Operative Characteristic Curve was used to assess the ability of inflammatory markers to discriminately
identify MetS.

Results: The mean age of the case and control groups was 49.9+0.9 years and 48.1+1.1 years (p = 0.274) respectively.
The median levels of TNFa, IL-6 and hS-CRP were significantly higher among the cases than the control group in both
genders (p <0.001). There was a significant increase in the serum values of the markers with increasing components of
MetS (p <0.001). The Area Under the Curve of TNFa, IL-6 and hs-CRP was > 0.9 in both males and females.
Conclusion: TNFaq, IL-6, and hs-CRP identified MetS. There is a need for further studies to determine the inflammatory
marker most predictive of MetS.

Keywords: Inflammatory markers, Interleukin-6, Metabolic syndrome, Tumour Necrosis Factor, Nigeria

Introduction increase the risk of cardio-metabolic diseases. [1]

Some sets of convergent and divergent diagnostic

Globally, Metabolic syndrome (MetS) is of great criteria with varying principal elements, such as

concern because of its complexities, public health, obesity, hypertension, abnormal glucose and

clinical and socioeconomic implications. MetS is
a combination  of biochemical and

anthropometric abnormalities which directly

lipid metabolism, have been used to define the
syndrome. (2l

The exact pathophysiology of MetS is still
unclear; some hypotheses suggest that
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inflammation is central in the aetiology of MetS.
Bl Biomarkers are useful in clinical practice to
monitor the management of pathological
disorders with no overt or measurable
physiological or anatomical abnormalities; they
have also been used to estimate the risk of
infection for a certain population. 4 Studies have
also shown that inflammatory markers are
accentuated in patients with MetS and this has
improved the prospects of the diagnostic criteria
of cardio-metabolic risk factors. I Inflammatory
markers such as Interleukin-6 (IL- 6), Tumor
Necrotic Factor-alpha (TNFa), C-Reactive Protein
(CRP), leptin, adiponectin, ghrelin, uric acid,
plasminogen activator inhibitor, Interleukin-10,
oxidized Low-Density-Lipoproteins and
Paraoxonase-1 have been linked with MetS. [6-13]
It has been suggested that a group of biomarkers,
rather than a single biomarker, may aid the
diagnosis of MetS better because of their complex
and interrelated roles and pathways. [14]

The association of inflammatory markers (CRP,
TNFa and IL-6) with MetS and its components
have been reported in Nigerian studies [1519]
While a panel of biomarkers may be useful in the
diagnosis of MetS, it may not be helpful in
resource-poor settings. Therefore, there is a need
to assess the inflammatory biomarkers most
predictive of MetS in a resource-limited setting.
This study assessed the ability of hs-CRP, TNFa
and IL-6 to predict MetS.

Methods

Study design

A case-control study of 123 adults with MetS
(cases) and age-matched 123 adults without MetS
(control) was conducted as previously described.
[171 The cases were adults with MetS (from the
previous study) while the controls were
participants without MetS (from the previous
study). [71 Socio-demographic history, blood
pressure and anthropometric measurements

were documented in a structured questionnaire
as earlier reported. ['7] The details of the study
location, selection of communities and sampling
methods have been previously published. [17]

Sample size calculation and sampling technique:
Using 1 as the ratio of cases to controls, the
standard deviation of outcome variable of 9.5,
power of 80%, desired level of statistical
significance of 1.96, mean value of CRP of the
cases (6.6 mg/L) and control group (3.1 mg/L),
(1l the minimum calculated sample size for the
case-control study was 115 for each arm of the
study.

Measurements of study variables

The measurements of blood pressure (BP) and
waist circumference (WC) was done as
previously described. [7]

After an overnight fast (10-12 hours duration), 10
ml of venous blood was drawn for lipid profile,
fasting plasma glucose (FPG), TNF-a, IL 6, and
hs-CRP estimation using appropriate specimen
bottles such as fluoride oxalate, potassium
ethylene diamine tetra-acetic acid and plain tubes
respectively. After centrifugation, serum and
plasma samples were stored at -20°C until ready
for analysis. Enzymatic methods were used to
determine FPG, triglyceride (TRG) and High-
Density Lipoprotein Cholesterol (HDL-C) levels,
while Enzyme-linked Immunosorbent Assay
(DRG International Inc., USA) was employed in
estimating serum levels of TNF-a, hs-CRP and IL
6. The accuracy and precision of the tests were
assured using the quality control samples
included in the reagents.

Definition of the criteria for metabolic syndrome

Participants with three or more of the following
criteria were classified as MetS cases: elevated
TRG 2150 mg/dl, HDL-C<40 mg/dl in males and
<50 mg/dl in females, systolic BP 2130 mm Hg or
diastolic BP 285 mm Hg, FPG = 100 mg/dl and
WC 294 cm in men or 280 cm in women. [18]

Ethical consideration
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The Institutional Review Boards (IRB) of the
Lagos State University Teaching Hospital and
Babcock University granted the ethical approvals
for the conduct of the study.

Statistical analysis

The IBM SPSS statistics version 22 was used for
data analysis. Histogram plot and test for
normality were conducted to determine the
normality of the outcome variable data (TNFa,
hs-CRP and IL- 6 levels). Mann Whitney U and
Kruskal-Wallis tests were used to compare
median of two or more than two independent
groups respectively. Discrete variables were
compared  using  Chi-Square  test  of
independence. Pearson’s correlation was used to
determine the relationship between the values of
inflammatory markers and the components of
MetS. The Receiver Operating Characteristic
(ROC) curve was used to assess the ability of the
inflammatory markers to discriminately identify
MetS. Statistical significance was defined by p
values less than 0.05.

Results

The socio-demographic and anthropometric
details of the cases and control are shown in Table
I. The mean age of the control and case groups
was 48.1#11 years and 49.9+09 years
respectively (p = 0.274). There were more females
among the cases than the control group (77.2% vs
62.6%) (p = 0.012).

Table II compared the median serum levels of
inflammatory markers and the components of
MetS between the cases and controls. The median
serum levels of TNFa, IL- 6, hs-CRP, triglyceride,
FPG, WC, systolic and diastolic BP were higher
among the cases than the controls (p<0.001). The
serum levels of TNFa, IL- 6, hS-CRP were higher
also among the cases than the control groups in
both males and females (p<0.001) (Table III). In
both sexes, the median serum levels of TNFa, IL-

6, and hs-CRP increased with the increasing
number of components of MetS (p<0.001) (Table
V).

The correlations of serum levels of TNFa, IL- 6,
and hs-CRP with the components of MetS are
shown in Table V. Serum levels of TNF-a, IL 6,
and hs-CRP showed significant positive
correlations with WC, FPG, TRG, systolic and
diastolic blood pressure (p<0.001) but negative
correlations with HDL-C (p<0.001).

Table VI illustrates the ability of serum levels of
TNFa, IL- 6, and hs-CRP to discriminately
identify MetS. Serum levels of TNFa, IL- 6, and
hs-CRP had a large area under the curve (AUC)
(>0.9). However, the serum level of TNFa had the
largest area under the curve AUC compared with
IL- 6 and hs-CRP in both men and women.

Discussion

This study assessed the ability of serum levels of
CRP, TNFa and IL-6 to discriminately identify
MetS among adults. This study found that the
serum levels of inflammatory markers IL-6,
TNFa and hs-CRP were elevated among the cases
compared with the controls and the levels were
increased with the increasing number of the
components of MetS in males and females. All the
inflammatory markers studied (TNFa, IL- 6 and
hS-CRP) had good and comparable ability to
discriminately identify Mets (AUC >0.9) in both
genders.

The exact pathogenesis of MetS is still poorly
understood although experts believe that
inflammatory pathways contribute largely to this
disorder. [ It has been hypothesized that
oxidative stress, which is linked to inflammation,
is thought to be responsible for the dysregulated
secretion of adipokines and other inflammatory
markers

culminating  in  dyslipidaemia,

hyperglycaemia and insulin resistance. [20]
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Table I: Socio-demographic characteristics of study participants

Characteristics Control Case Chi-Square p-value
n (%) n (%)

Age group (Years)

<30 5 (4.1) 0 (0.0) 1.161 0.274

30 -39 27 (22.0) 20 (16.2)

40 -49 34 (27.6) 44 (35.8)

50 - 59 34 (27.6) 36 (29.3)

>60 23 (18.7) 23 (18.7)

MeanzSD 48.1+1.1 49.9+0.9

Gender

Male 46 (37.4) 28 (22.8) 6.262 0.012

Female 77 (62.6) 95 (77.2)

Marital Status

Married 70 (56.9) 100 (81.3) 17.14 0.000

Not married* 53 (43.1) 23 (18.7)

Education status

None 15(12.2) 14 (11.4) 0.78 0.8541

Primary 26 (21.1) 31 (25.2)

Secondary 45 (36.6) 40 (32.6)

Tertiary 37 (30.1) 38 (30.9)

Cigarette smoking

Yes 18 (14.6) 10 (8.1) 2.579 0.108

No 105 (85.4) 113 (91.9)

Alcohol intake

Yes 29 (23.6) 25 (20.3) 0.380 0.538

No 94 (76.4) 98 (79.7)

Location

Urban 52 (42.3) 68 (55.3) 4.165 0.041

Rural 71 (57.7) 55 (44.7)

SD - Standard deviation

*Not married includes single, divorced, separated and widow/widower

In this study, the participants with MetS had
elevated serum levels of hs-CRP, IL-6 and TNFa
levels compared to non-MetS participants in both
genders similar to what was reported from
another Nigerian centre, the United States and
Thailand. 01> 21 221 Contrary to our findings, the
studies from Asia reported serum IL-6 levels to
be reduced or not different among diabetic
patients compared with healthy controls. [23 24
The differences in the sample size, sampling
distribution,

method,  gender divergent

environmental and social settings may account
for this variation.

This study reported that inflammatory markers
increased with the increasing number of the
components of MetS similar to other studies. The
serum levels of IL-6, TNFa and hs-CRP were
positively correlated with FPG, triglyceride,
blood pressure but negatively correlated with
HDLc in this study.
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Table II: Differences in the median serum levels of inflammatory markers and components of metabolic syndrome
in cases (MetS) and controls (Non-MetS)

Parameters Controls (n=123) Cases (n=123) u P
Median (IQR) Median (IQR)

TNF-a (pg/ml) 4.0 (2.0,5.0) 10.0 (8.0, 10.0) 12.85 <0.001
IL-6 (pg/ml) 6.4 (5.3,7.4) 14.0(11.10,172)  13.04  <0.001
Hs-CRP (mg/1) 2.1 (1.3,3.4) 6.2 (5.3, 6.5) 12.41 <0.001
WC (cm) 86.0 (75.0, 96.0) 99.1 (914, 100.7) 7.47 <0.001
SBP (mmHg) 120.0 (110.0, 135.0) 140.0 (130.0, 158.0)  7.37 <0.001
DBP (mmHg) 73.0 (70.0, 80.0) 88.0 (80.0, 100.0) 7.60 <0.001
FPG (mg/dl) 88.0 (77.0, 94.3) 104.0 (90.5, 107.0) 7.36 <0.001
TG (mg/dl) 78.0 (57.5, 105.4) 90.1 (76.0, 158.5) 435 <0.001
HDL-c (mg/dl) 54.7 (39.8, 64.6) 42.6 (36.6,47.6) 497 <0.001

IQR - Interquartile Range; U - Mann Whitney U Test

TNF-a - Tumour Necrotic Factor-alpha; IL-6- Interleukin-6; hs-CRP- high sensitivity C-Reactive Protein;

WC- Waist circumference; SBP- Systolic Blood Pressure; DBP - Diastolic Blood Pressure; FPG - Fasting Plasma Glucose;
TG - Triglycerides; HDL-C- High-Density Lipoprotein Cholesterol

Table III: Gender differences in the serum levels of inflammatory markers among cases and controls

Parameters Case Control

Median (IQR) Median (IQR) 10) P
Males n=28 n=46
TNF-a (pg/ml) 11 (9.1, 13.0) 3.0 (2.0, 5.0) 1.820 <0.001
IL-6 (pg/ml) 14.3 (11.4,16.1) 6.0 (4.2,7.4) 0.097 <0.001
hs-CRP (mg/ml) 6.1 (5.3, 6.4) 21(1.2,3.6) 0.846 <0.001
Females n=95 n=77
TNEF-a (pg/ml) 9.0 (8.0, 13.0) 4.0 (3.0,5.0) 2.544 <0.001
IL-6 (pg/ml) 13.9 (10.3, 17.3) 6.6 (5.5,7.5) 2.206 <0.001
hs-CRP (mg/ml) 6.2 (5.3,6.7) 2.2(1.3,3.4) 0.238 <0.001

IQR - Interquartile Range U - Mann Whitney U test
TNEF-a- Tumour Necrotic Factor-alpha; IL-6- Interleukin-6; hs-CRP- high sensitivity C-Reactive Protein

Table IV: Relationship between Inflammatory markers and increasing components of metabolic syndrome

Parameters Number of components
0 1 2 3 >3 P
Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Males n =10 n=>52 n =48 n=74 n =49
TNF-a (pg/ml) 2.0 (2.0, 2.0) 2.0 (2.0, 3.0) 5.0 (4.0, 5.0) 11.0 (8.5,12.0) 11.0 (9.5,13.0)  <0.001
IL-6 (pg/ml) 5.4 (41., 6.5) 5.6(42,74) 6.4 (4.6, 8.3) 15.2 (10.7,15.8) 129 (11.9,184) <0.001
hs-CRP (mg/ml) 1.0 (0.7, 2.0) 1.6 (1.2,3.2) 4.0(27,5.1) 6.2 (4.5, 6.4) 5.9 (5.6, 6.4) <0.001
Females n=13 n=33 n =31 n =57 n =38
TNF-a (pg/ml) 2.0 (2.0,2.5) 2.0 (2.0,5.2) 5.0 (5.0, 6.0) 8.0 (7.0, 11.0) 12.0 (9.0,14.0)  <0.001
IL-6 (pg/ml) 59 (54, 6.9) 59(54,6.9) 7.3 (5.5, 8.8) 13.0 (10.2,15.4) 16.1 (12.1,19.2) <0.001

hs-CRP (mg/ml) 1.9 (1.1, 2.1) 21(1.3,3.1) 3.1(2.2,4.3) 5.6 (5.3, 6.4) 6.6 (54,7.3) <0.001
IQR - Interquartile Range U - Mann Whitney U test
TNF-a- Tumour Necrotic Factor-alpha; IL-6- Interleukin-6; hs-CRP- high sensitivity C-Reactive Protein;
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Table V: Correlation analyses of the various components of metabolic syndrome and markers of inflammation

Parameters WC SBP DBP FPG TG HDL-C

1, p 7, p 7, p 1, p 1, p 1, p
hs-CRP 0.553,<0.001 0.336, <0.001 0.344,<0.001 0.423,<0.001 0.298,<0.001 -0.257, <0.001
IL-6 0.390, <0.001 0.407,<0.001 0.437,<0.001 0.341,<0.001 0.277,<0.001 -0.230, <0.001
TNF-a 0.504, <0.001 0.433,<0.001 0.504,<0.001 0.417,<0.001 0.291,<0.001 -0.287, <0.001

Correlation significance at 0.01 (2 tailed); r - Correlation coefficient

TNF-a- Tumour Necrotic Factor-alpha; IL-6- Interleukin-6; hs-CRP- high sensitivity C-Reactive Protein. WC- Waist circumference;
SBP- Systolic Blood Pressure; DBP- Diastolic Blood Pressure; FPG- Fasting Plasma Glucose; TG- Triglycerides; HDL-C- High-
Density Lipoprotein-Cholesterol

Table VI: Area Under the ROC curve and validity parameters of inflammatory biomarkers

Variables AUC (95%CI) Sensitivity Specificity
Males

TNF-a (pg/ml) 0.989 (1.000-1.000) 0.966 1.000

IL-6 (pg/ml) 0.965 (0.913-1.000) 0.929 0.957
hs-CRP (mg/ml) 0.932 (0.872-0.993) 0.964 0.848
Females

TNF-a (pg/ml) 0.988 (0.975-1.000) 0.937 1.000

IL-6 (pg/ml) 0.986 (0.973-1.000) 0.958 0.948
hs-CRP (mg/ml) 0.970 (0.949-0.992) 0.937 0.883

ROC - Receiver Operating Characteristic Curve; AUC - Area Under the Curve;
TNF-a - Tumour Necrosis Factor-alpha; IL-6 - Interleukin-6; hs-CRP - High sensitivity C-Reactive Protein

However, studies have shown that levels of hs-
CRP, TNFa and IL-6 were correlated with
increased FPG, triglyceride, blood pressure and
decrease HDLc suggesting a correlation with
increasing components of MetS. [2°]

Contrary to the finding in the present study, a
Mexican study demonstrated that there was no
correlation between increased serum TNF-a
levels with elevated serum triglyceride and
cholesterol levels although low serum HDLc was
correlated with serum TNFa. 261 Also, an Indian
study did not demonstrate a significant
correlation between circulating TNFa or IL-6
with FPG and other lipid parameters. 271 The
definite role of inflammation in the pathogenesis
of MetS is not understood but it is hypothesized
that bigger adipose tissue mass in obesity
stimulates the release of TNFa and IL 6 which,
consequently, is responsible for the production of
CRP in the liver. [281 A Nigerian study which
examined the role of inflammation on MetS

reported a correlation between CRP and waist
circumference. [15]

The present study assessed the ability of serum
levels of hs-CRP, TNFa and IL-6 to discriminately
identify MetS. All the biomarkers assessed in this
study  demonstrated good  ability to
discriminately identify MetS. It has been
suggested that a panel of inflammatory markers
will be useful in the diagnosis of MetS because of
the complex interrelationship of these markers.
Nevertheless, it was argued that a panel will
guide the clinician in individualizing treatment
and assessing the severity of the abnormality
depending on the combination of aberrations. [14]
It remains to be seen if such a suggestion will be
beneficial in a resource-poor setting like Nigeria.
Though the serum level of TNFa showed greater
ability to discriminately identify MetS compared
to the serum levels of IL-6 and hs-CRP in the
present study, further studies are needed to
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identify an inflammatory biomarker most
predictive of MetS.
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