DOI: 10.7860/JCDR/2014/80865.4522

c
o
)
3]
@
(]
2
£
2
£
@
<
3]
2
o

Original Article

Association of High Sensitivity
C-Reactive Protein with the Components
of Metabolic Syndrome in Diabetic and

Non-Diabetic Individuals
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ABSTRACT

Background and Objectives: High sensitivity C-reactive protein
(hsCRP) has been associated with metabolic syndrome (MetS)
and its components. Several studies have suggested hsCRP to
be used as a marker for the primary prevention of cardiovascular
diseases. So, we aimed to evaluate the association between
hsCRP levels and the components of MetS in diabetic and
non-diabetic population.

Materials and Methods: Type Il diabetic patients (T2DM)
(n= 121) and healthy controls (n= 121) were enrolled for the
study. Anthropometric measurements were taken along with
blood pressure from the arm. Ten ml of blood was collected after
overnight fasting for the measurement of lipid profile, hsCRP,
C-peptide and glucose levels. Insulin resistance (HOMA2-IR) was
estimated by HOMA2 calculator utilizing glucose and C-peptide

values. All participants were classified into two groups on the
basis of the presence or absence of MetS. Data were analysed
through SPSS 14 software.

Results: hsCRP, C-peptide and HOMA2-IR were significantly
higher in T2DM subjects when compared with controls. As the
number of the components of MetS increased, there was a linear
increase in hsCRP levels in whole study population (p trend
<.001), diabetic subjects (p trend <.001), as well as in controls
(p trend <.001). HOMA2-IR and hsCRP levels were found to be
better than LDL cholesterol and waist circumference for predicting
the presence of MetS.

Conclusion: hsCRP was found to be better than LDL cholesterol
and waist circumference for the prediction of MetS. Hence,
hsCRP could be used as a defining marker of MetS in the near
future.
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INTRODUCTION

Chronic low grade inflammation has been hypothesized to play
a role in the development of type Il diabetes mellitus (T2DM) and
metabolic syndrome (MetS) [1,2]. Several studies have shown
significant association of high sensitivity C-reactive protein (hsCRP)
with the components of MetS [3,4]. American Heart Association has
indicated that hsCRP measurements might provide information for
a global risk assessment for coronary heart disease beyond that
obtained from the established risk factors [5]. hsCRP has been
suggested to be used as a marker for the primary prevention of
cardiovascular diseases (CVD) [6]. The level of this marker, however,
is known to vary among populations, influenced by gender, age,
and obesity [7]. South east Asians are known to be at a high risk for
T2DM, CVD, and MetS [8,9]. There has been a paucity of evidence
from this part of world including Nepal regarding hsCRP level in
health and diseases. In this context, the objective of our study is to
evaluate the association between hsCRP levels and the components
of MetS in diabetic and nondiabetic population.

MATERIALS AND METHODS

Study participants

This is a cross sectional study conducted from March to August
2010 at Institute of Medicine, Tribhuvan University, Nepal. Noninsulin
treated T2DM subjects (n= 121) and equal number of healthy
controls were recruited from Kathmandu valley, the capital city of
Nepal. Exclusion criteria of the participants includes: presence of
acute infections, chronic inflammatory diseases, cardiovascular
diseases and present smoking status. Furthermore, participants
with hsCRP level >10 mg/l, white blood cell count >10,000/ml
and creatinine level >1.4 mg/dl were excluded from the analysis.
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University Institutional Review Board approved the study, and all the
subjects provided written consent prior to the recruitment. Diabetes
was defined as per the guidelines of ADA, 2009 [10]. International
diabetes federation guidelines were used to define MetS [11].

Anthropometric and laboratory measurements

Waist circumference of the participants was measured from
the upper margin of the posterior iliac crest at the end of normal
expiration directly above the skin. Hip circumference was measured
at the maximum extension of the buttocks. Weight and height were
recorded. Brachial blood pressure was measured with the automated
machine. Ten ml of blood was collected after overnight fasting from
the participants. Lipid profile and fasting blood glucose (FBG) was
measured by automated clinical chemistry analyser, BT 2000 PLUS.
C-peptide was measured by sandwich chemiluminescent immuno
assay using semiautomated analyser, EKON-CLIA BHP9507
(HAMAMATSU), hsCRP was measured by enzyme linked immuno
assay (IMTEC hsCRP, HUMAN, Germany). Insulin resistance was
estimated from the values FBG and C-peptide by using HOMA2
calculator.

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS 14. Data was not
normally distributed as assessed by Shapiro-Wilk tests (P<0.05).
Mann-Whitney U-test was used to compare the medians between
two groups. Jonckheere Trend test was used to analyse the trend
of hsCRP levels across different groups based on the increasing
number of components of MetS present. Spearman’s correlation
test was used to correlate hsCRP with MetS components.
Regression analysis was used to predict the association of MetS
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Diabetic subjects Controls (n=121) p value Total subjects (n = 242) | Diabetic subjects | Controls (n
(n=121) (n=121) =121)
Age (years) 54.00 (45.00-59.00) 54.00 (38.50-62.00) .851 FBG 449 (p<.001) .299 (p=.001) 422 (p <.001)
Duration (years) 4.00 (1.50-8.00) - - SBP .226 (p<.001) 133 (p=.147) .301 (p=.001)
Men/Women 60/61 60/61 - DBP 197 (p=.002) 150 (p=.101) 263 (p=.004)
BMI (kg/m2) 25.38 (23.34-27.07) 23.11 (21.95-24.30) <.001 WC .489 (p<.001) .508 (p<.001) .328 (p<.001)
Waist/Hip 0.915 (0.88-0.97) 0.87 (0.82-0.92) <.001 Waist/Hip .554 (p<.001) .585 (p<.001) .394 (p<.001)
SBP (mmHg) 128.00 (120.00-130.00) | 125.00 (120.00- .035 Tg 461 (p<.001) .522 (p<.001) .262 (p=.004)
128.00
) HDLC -.405 (p<.001) -.458 (p<.001) -.197 (p=.030)
DBP H 80.00 (76.00-80.00 76.00 (74.00-80.00 .001
(mmHo) ( ) ( )| < HOMA2-IR | .479 (p<.001) 363 (p<.001) 417 (p<.001)
TC /1 5.00 (4.50-5.85 3.80 (3.15-4.50 .001
(mmo) ¢ ) ( ) < [Table/Fig-3]: Spearman’s correlation analysis of hsCRP with other risk variables
Tg (mmol/l) 2.00 (1.50-3.10) 1.30 (1.10-1.70) <.001 hsCRP: high sensitivity C-reactive protein, FBG: fasting blood glucose, SBP: systolic
blood pressure, DBP: diastolic blood pressure, WC: waist circumference, Tg:
HDLC (mmol/) 1.00(0.80-1.20) 1.80(1.20-1.40) <.001 triglycerides, HDLC: high density lipoprotein cholesterol, HOMA2-IR: homeostasis
LDLC (mmol/l) 3.19 (2.43-3.74) 1.97 (1.22-2.73) <.001 model assessment of insulin resistance
FBG (mmol/l) 7.40 (6.35-10.00) 5.20 (4.50-6.35) <.001
C-Peptide (ng/ml) | 2.40 (2.00-3.20) 1.50 (1.20-2.00) <.001
100 = I3 = 247
HOMA2-IR 2.20 (1.65-2.80) 1.00 (0.90-1.40) <.001 e e e
(=3
hsCRP (mg/)) 3.00 (2.00-4.35) 2.00 (1.25-3.00) <.001 . 70
[Table/Fig-1]: Clinical and biochemical characteristics of the study population o3
(median, 25"-75" percentile) - =
= &0 — T
BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, £ .
TC: total cholesterol, Tg: triglycerides, HDLC: high density lipoprotein cholesterol, E =
LDLC: low density lipoprotein cholesterol, FBG: fasting blood glucose, HOMA2- £ 40
IR: homeostasis model assessment of insulin resistance, hsCRP: high sensitivity T
C-reactive protein 20
MetS (n= 89) Non-MetS (n= 153) p value J_ J_ “a07
204
Age (years) 54.00 (48.00-62.50) 54.00 (40.00-60.00) .064 28 i : - . :
o 1 3 - s
Men/Women 29/60 91/62 - NMumber of components of metabelic syndrome prasent
BMI (Kg/m?) 26.69 (24.50-27.94) 22.98 (21.73-24.19) <.001 [Table/Fig-4a]: Distribution of serum hsCRP levels in total study subjects (n=242)
Waist/Hip 0.94 (0.9-0.98) 0.86 (0.82-0.92) <001 according to the number of components of metabolic syndrome present. The box
' = g § g g plot demonstrates median, 25", and 75" percentile values for hsCRP
SBP (mmHg) 128.00 (120.00-132.00) | 125.00 (120.00- .01
129.00)
DBP (mmHg) 80.00 (75.00-81.00) 78.00 (75.00 -80.00) .002 7 b) diabetic subjects (n= 121}
TC (mmol/l) 5.30 (4.50-6.00) 4.10 (3.20-5.00) <.001
8- -
Tg (mmol/l) 2.10 (1.65-3.25) 1.40 (1.20-1.80) <.001
HDLC (mmol/l) 0.85 (0.80-1.20) 1.30 (1.15-1.40) <.001 = . I
=
LDLC (mmol/l) 3.25 (2.43-3.75) 2.12(1.34-2.85) <.001 E‘LEC' ==
FBG (mmol/l) 6.90 (6.00-8.50) 6.00 (4.50-6.80) <.001 2 . -|-
3
C-Peptide (ng/ml) | 2.50 (2.10-3.10) 1.60 (1.30-2.00) <.001 " | | J-
HOMA2-IR 2.10 (1.70-2.80) 1.30 (0.90-1.60) <.001 7] 9 L
hsCRP (mg/l) 3.5 (2.90 - 5.00) 2.00 (1.05-3.00) <.001 e J_ = 4
o- *

[Table/Fig-2]: Clinical and biochemical characteristics of the whole study
population (median, 25"-75" percentile)

BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure,
TC: total cholesterol, Tg: triglycerides, HDLC: high density lipoprotein cholesterol,
LDLC: low density lipoprotein cholesterol, FBG: fasting blood glucose, HOMA2-

IR: homeostasis model assessment of insulin resistance, hsCRP: high sensitivity

C-reactive protein

with the components other than those used for classifying MetS. Al
the p- values were two- tailed, and those < 0.05 [95% Confidence
interval (CI)] were considered statistically significant.

RESULTS

[Table/Fig-1] shows the difference between anthropometric, clinical
and biochemical parameters between diabetic and nondiabetic
subjects. All the biochemical and anthropometric measurements
showed significant difference when the participants were divided on
the basis of presence or absence of MetS [Table/Fig-2] Correlation
of hsCRP with other biochemical and anthropometric parameters
are given in [Table/Fig-3]. As the number of the components of
MetS increased, there was a linear increase in the serum hsCRP
levels in whole study population (p trend <.001), diabetic subjects
(ptrend <.001), as well as in controls (p trend <.001) [Table/Fig-4a- c].
Binomial logistic regression analysis showed that HOMA2-IR (OR:

T T
1 2

Number of components of metabolic syndrome present

[Table/Fig-4b]: Distribution of serum hsCRP levels in diabetic subjects (n=121)

according to the number of components of metabolic syndrome present. The box

plot demonstrates median,

25", and 75" percentile values for hsCRP

hsCRP (mgl)

107

5 - c) controls (n= 121) =

NMumber of components of metabolic syndrome present

[Table/Fig-4c]: Distribution of serum hsCRP levels in controls (n=121) according

to the number of components of metabolic syndrome present. The box plot

demonstrates median,

25", and 75" percentile values for hsCRP
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3.08; 95%Cl: 2.11 to 4.50; p-value<0.0005) and hsCRP (OR: 2.30;
95%Cl: 1.79 10 2.97; p-value<0.0005) were better than low density
lipoprotein cholesterol (LDL-C) (OR: 2.0; 95%Cl: 1.55 to 2.59;
p-value<0.0005) and waist circumference (OR: 1.19; 95%Cl: 1.14
to 1.25; p-value<0.0005) for predicting the presence of MetS.

DISCUSSION

Our study showed significant increase in hsCRP level in the diabetic
subjects when compared to nondiabetic subjects. These results
are in agreement with several previous studies [12-15]. Low grade
systemic inflammation as evidenced by high levels of hsCRP
is suggested to be one of the mechanisms by which known risk
factors such as obesity, smoking and hypertension promote the
development of T2DM [1,16]. Adipocytokines and inflammatory
markers are high in obesity [2,17]. In our study the strongest
correlation of hsCRP was observed with waist to hip ratio in diabetic
subjects and with FBG in case of nondiabetic subjects. Nakamura et
al., showed strongest correlation of hsCRP with waist circumference
[18] in apparently healthy Japanese population. With the increasing
components of MetS, there was an increase in hsCRP level in
our study. Insulin resistance is generally considered as a major
pathophysiologic link between obesity and T2DM [19]. Pro-oxidant
and inflammatory markers generated in obesity could be one of the
several underlying factors for the development of complications of
T2DM and severity of MetS. Concept of pro-inflammatory state as
one of the components of MetS has been further emphasized by our
study. The reasons for the link between inflammation and MetS are
not fully understood. One possible mechanism is that adipocytes in
obese patients with MetS release high amounts of tumour necrosis
factor-a. and Interleukin-6 into the circulation, which stimulate the
production of hsCRP by the liver and induce insulin resistance
[20]. The positive correlation of hsCRP with insulin resistance and
markers of obesity in our study also supports this mechanism.

Several studies have shown different hsCRP level in different
population [21-24]. Analysis of data from NHANES, 1999 through
2002 showed the median hsCRP levels of 2.1 mg/l among US
adults (20 years of age and older) [25]. In our study, we found the
median values of non diabetic subjects as 2.0 mg/dl and that of
diabetes as 3.0 mg/dl. Several factors including ethnicity could be
the reasons for these discrepancies. Regression analysis showed
that association of HOMA2-IR and hsCRP were stronger than the
association of LDL cholesterol (LDLC) and waist circumference for
correctly predicting MetS. Ridker PM et al., showed that hsCRP
adds prognostic information on future cardiovascular risk at all levels
of LDLC [26]. Owing to the fact that the inflammation and central
obesity are the key players for developing insulin resistance, hsCRP
could be used as a defining marker of MetS in the near future.

LIMITATIONS

1) The cross sectional design of our study had limitations as we
assessed the blood parameters of patients only once, and the
patients could not be followed up.

2) We could not evaluate the effect of drugs which might have
influence on the blood parameters of the study subjects.
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CONCLUSION

hsCRP level was found to be higher in diabetic subjects than in
healthy controls and also correlated with the established components
of MetS and with insulin resistance. hsCRP was better than LDLC
and waist circumference for the prediction of MetS. Hence, hsCRP
could be used as a defining marker of MetS in the near future.

RECOMMENDATIONS

hsCRP could be used as a defining marker of MetS in the near future.
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