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INTRODUCTION
Coronary artery disease has multiple risk factors, some
of which are modifiable and others are non-modifiable.
CRP has always been considered as a non-specific
inflammatory marker that is raised not only in
inflammatory conditions and infections but also plays an
important role in the pathogenesis of coronary artery
disease (CAD).1 CRP is one of the modifiable risk
factors for CAD.2 It is released from liver in response to
infections, inflammations or any process that results in
cell injury or cell death. It is one of the strong predictors
of coronary artery disease and can be used for
cardiovascular risk assessment in patients with
predilection to develop ischemic heart disease.3,4

Obesity is another strong risk factor for cardiac
problems. At increasing BMI cardiovascular risk

increases and all this is attributable to the deposition of
visceral fat that is found in mesenteric and omental
regions. Visceral fat is dangerous than subcutaneous fat
as it accelerates the process of atherogenesis and
hence the future risk of developing CAD.5

Triglycerides are highly atherogenic important compo-
nent of plasma lipids. They are commonly elevated
among the type-2 diabetics, familial combined hyper-
lipidemia or over-weight people especially those with
metabolic syndrome, contributing to cardiovascular risk
due to atherogenesis. Multiple research studies suggest
that fasting triglycerides are considered to be
independent risk factor for CAD but recently some
researchers have laid more stress on non-fasting TG as
strong predictor of CAD and death.6

The main rationale of this study was to determine the
correlation of fasting serum triglycerides and CRP levels
in pre-obese and obese subjects without established
diagnosis of coronary artery disease.7 Since CRP, raised
triglycerides and raised BMI are well known cardio-
vascular risk factors, so it was important to know
whether there existed some relationship between them
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or one factor exerted its effect independent of the other
risk factors.8

The objective of this study was to determine the
correlation of C-reactive protein (CRP) with fasting
triglycerides (TG) among pre-obese and obese patients
without established diagnosis of coronary artery disease
(CAD).

METHODOLOGY
It was a comparative cross-sectional study. After
approval from institutional review board of Mayo
Hospital, Lahore, it was conducted in medical wards on
one hundred and eight patients who were admitted in
emergency or OPD clinic fulfilling study criteria from
January to June 2010. The patients who were willing to
participate having age between 18 - 65 years and BMI
> 23 kg/m2 were recruited. Patients with signs of fluid
retention like cardiac, renal or hepatic failure, ascites
due to any cause, collagen vascular disease, febrile
illness, patients with established diagnosis of ischemic
heart disease (on the basis of clinical history, ECG
changes and elevated cardiac enzymes) or patients on
corticosteroids, immune modulators or lipid lowering
mediations were excluded from the study. After
assessing recruitment criteria, 108 patients were
selected. Informed consent was taken from patients and
BMI was calculated using formula: 

BMI = weight (kg)/Height (m)2.

Instead of WHO criteria, WPRO criteria (BMI criteria for
Asians by Regional Office for Western Pacific Region of
WHO) for obesity were applied as WPRO criteria have
BMI cut off point much lower than WHO criteria.9 It was
important as obesity among Asians is increasing at an
alarming rate and is associated with more cardio-
vascular risk than non-Asians due to higher tendency to
accumulate visceral fat at lower BMI.10 Patients of BMI
≥ 23 kg/m2 were recruited.

According to these criteria of BMI, patients were divided
into three groups. First group of pre-obese patients (over
weight patients at risk) with BMI of 23 - 24.9 kg/m2,
second group (class-1 obesity) with BMI between 25 -
29.9 kg/m2 and third group (class 2 obesity) with BMI
> 30 kg/m2. After an overnight fast, blood samples were
collected for fasting triglycerides and CRP levels. CRP
was measured by Latex enhanced nephelometry.
Fasting TG was measured by enzymatic assays on a
Hitachi analyser. CRP level of < 1 mg/l was considered
normal, values between 1 - 2.9 mg/l were considered to
be border- line high and those > 3 mg/l were taken as
high.11 Plasma triglyceride level of less than 150 mg/dl
were taken as normal, levels between 150 - 199 mg/dl
were considered borderline whereas levels more than
200 mg/dl were considered high.12 Data entry and
analysis was done by using Statistical Package for
Social Sciences (SPSS) version 15. Quantitative

variables were presented by using mean and standard
deviation. Qualitative variables were presented by using
frequency table and percentages. Independent sample
t-test was applied to see the mean difference of age,
CRP level and triglycerides level in relation to gender.
Chi-square test was used to see the association
between qualitative variables. CRP level, fasting serum
triglycerides and body mass index values were
categorized and association of these categories was
seen with age groups of patients. ANOVA was also
applied to see CRP and fasting serum triglycerides level
in relation to body mass index categories. Pearson
correlation and simple linear regression was applied to
see the dependency of CRP and triglycerides with body
mass index. P-value ≤ 0.05 was taken as significant.

RESULTS
This study was conducted on 108 subjects with BMI > 23
kg/m2. Among these patients, there were 34 (31.5%)
males and 74 (68.5%) female patients. As this is a
general belief that obese subjects are at risk of
developing diabetes mellitus, dyslipidemias, athero-
sclerosis and cardiovascular disease. Most of the study
population belonged to young or middle age group.
There were 41 (37.9%) patients between age of 18 - 39,
36 (33.3%) patients in the age group of 40 - 49, 23
(21.3%) patients in the age group of 50 - 59 and only 8
(7.4%) patients were above 60 years (Table I).

We had 66 (61.1%) patients with high CRP level and
among these there were 40 (97.5%) patients in young
and middle age group. Borderline high CRP was found
in 38 (35.2%) patients and among this group 31 (86.1%)
patients were between 40 - 49 years. Normal CRP was
found in only 4 (3.7%) patients and they were between
40 - 49 years of age. In terms of statistical significance,
a significant association was present between CRP and
age of the patients (p < 0.001) showing that young
patients had higher level of CRP in this study (Table I).

Hypertriglyceridemia was found in 68 (62.9%) patients
and most of these patients were young and middle aged.
Borderline high TG was seen in 23 (21.2%) patients and
most of them were more than 50 years of age. Normal
TG was found in 17 (15.7%) patients. There was
significant association of fasting serum triglyceride
levels and age of the patients. Thus, mostly young and
middle aged patients exhibited high triglyceride levels
(p = 0.001, Table I).

There were 57 (52.7%) pre-obese patients at risk.
Among them, most were young and middle aged. Class-
1 obesity was found in 35 (32.4%) patients and class 2
obesity in16 (14.8%) patients. Body mass index of the
patients showed significant association with age of the
patients as mostly young and middle aged patients had
obesity as compared to other age groups (p < 0.011).
Mean age of male and female patients was 47.47 ±
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10.41 and 42.72 ± 8.22 years respectively. According to
p-value, significant difference was present in age of
male and female patients. Male patients’ age was higher
as that of female patients. Mean CRP level in male and
female patients was 4.85 ± 2.32 and 4.45 ± 2.60 ng/ml
respectively. Mean triglycerides level in male and female
was 192.11 ± 46.91 and 205.06 ± 44.48 mg/dl
respectively. Similarly, mean CRP and triglycerides
levels were statistically same in male and female
patients (Table II).

Mean CRP level in pre-obese patients was 3.75 ± 2.42
ng/ml, in class-1 and 2 obese patients it was 4.88 ± 2.24
and 6.81 ± 1.93 ng/ml respectively. It was observed that
as body mass index increased, CRP level also
increased and significant difference was present in CRP
level with respect to body mass index (p < 0.01). This
difference was assessed by using ANOVA. As ANOVA
was significant, multiple comparison test was also
applied to see the mean difference within body mass
index categories (Table II).
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Table I: CRP, fasting serum triglycerides and body mass index with respect to age group of patients.

Age groups p-value

18 - 39 years 40 - 49 years 50 - 59 years 60 - 65 years 

CRP (ng/l)

Normal (< 1 ng/l) 0 (0%) 4 (11.1%) 0 (0%) 0 (0%) < 0.001*

Borderline high (1 - 3 ng/l) 1 (2.4%) 31 (86.1%) 4 (17.3%) 2 (25%)

High (> 3 ng/l) 40 (97.5%) 1 (2.7%) 19 (82.6%) 6 (75%)

Triglycerides (mg/dl)

Normal (< 150 mg/dl) 9 (21.9%) 0 (0%) 8 (34.7%) 0 (0%) < 0.001*

Borderline high (150 - 199 mg/dl) 4 (9.7%) 0 (0%) 14 (60.8%) 5 (62.5%)

High (> 199 mg/dl) 28 (68.2%) 36 (100%) 1 (4.3%) 3 (37.5%)

BMI (kg/m2)

Pre obese (23 - 24.9 kg/m2) 18 (43.9%) 27 (75%) 9 (39.1%) 3 (37.5%) 0.011*

Class-1 (25 - 29.9 kg/m2) 15 (36.5%) 9 (25%) 7 (30.43%) 4 (50%)

Class-2 (> 30 kg/m2) 8 (19.5%) 0 (0%) 7 (30.43%) 1 (12.5%)

*Chi-square's test / Fisher exact's test was applied.

Table II: Descriptive statistics for age (years), CRP and triglycerides 
with respect to gender of patients.

N Mean SD p-value

Age (years)

Male 34 47.47 10.41 0.012

Female 74 42.72 8.22

CRP (ng/ml)

Male 34 4.85 2.32 0.442

Female 74 4.45 2.60

Triglycerides (mg/dl)

Male 34 192.11 46.91 0.170

Female 74 205.06 44.48

CRP (ng/ml)

Pre-obese (23 - 24.9) 57 3.75 2.42 < 0.01*

Class-1 (25 - 29.9) 35 4.88 2.24

Class-2 (> 30) 16 6.81 1.93

Triglycerides (mg/dl)

Pre-obese (23 - 24.9) 57 206.59 43.18 0.398

Class-1 (25 - 29.9) 35 195.40 49.39

Class-2 (> 30) 16 193.25 44.53

Analysis of Variance (ANOVA) was applied.

Table III: CRP with respect to body mass index and fasting serum triglycerides.

Body Mass Index (BMI) p-value

(Pre-obese at risk) (Class-1 obesity) (Class-2 obesity) 

23 - 24.9 (kg/m2) 25 - 29.9 (kg/m2) > 30 (kg/m2)

C-reactive protein

Normal (< 1 ng/ml) 4 (7.0%) 0 (0%) 0 (0%) 0.003

Borderline high (1 - 3 ng/ml) 27 (47.3%) 10 (28.5.3%) 1 (6.2%)

High (> 3 ng/ml) 26 (45.6%) 25 (71.4%) 15 (93.7%)

Fasting serum triglycerides (mg/dl)

Normal (< 150 mg/dl) 7 (12.2%) 8 (22.8%) 2 (12.5%) 0.054

Borderline high (150 - 199 mg/dl) 8 (14.1%) 8 (22.8%) 7 (43.7%)

High (> 199 mg/dl) 42 (73.6%) 19 (54.2%) 7 (43.7%)

Fasting Serum Triglycerides p-value

(Normal) (Borderline high) (High)

< 150 mg/dl 150 - 199 mg/dl > 199 mg/dl

C-reactive protein

Normal (< 1 ng/ml) 0 (0%) 0 (0%) 4 (5.8%) < 0.001

Borderline high (1 - 3 ng/ml) 1 (5.8%) 4 (17.5%) 33(48.5%)

High (> 3 ng/ml) 16 (94.1%) 19 (82.6%) 31 (45.5%)

Note: p-value ≤ 0.05: Significant



Mean triglycerides level in pre-obese patients was
206.59 ± 43.18 mg/dl, in class-1 and 2 obese patients it
was 195.40 ± 49.39 and 193.25 ± 44.53 mg/dl. No
significant difference was present in triglycerides level
with respect to body mass index (p = 0.398, Table II).

Correlation coefficient for CRP and body mass index
was 0.425. Correlation between CRP and body mass
index was significant and value of r-shows an
intermediate positive correlation between these two
variables. On the other hand, correlation coefficient for
triglycerides and body mass was (r = -0.103) showing a
negative and weak correlation between triglycerides and
body mass index (Figure 1 and 2).

According to the results, C-reactive protein levels were
significantly associated with BMI of patients as most of
the obese and pre-obese subjects exhibited raised or
borderline high CRP.

High CRP was found in 66 (61.1%) patients. There were
38 (35.2%) patients with borderline CRP levels. Normal

CRP was seen in only 4 (3.7%) patients and all of them
were pre-obese with high TG level (Table III).

CRP was significantly raised in pre-obese group and
class-1 obese patients (p 0.003). High triglycerides were
seen in 68 (62.9%) patients. There were 23 (21.3%)
patients of borderline high TG level. Normal TG was
seen in 17 (15.7%) patients with most patients belonging
to pre-obese group and class-1 obesity. Hyper-
triglyceridemia was a major finding in pre-obese group of
patients and class-1 obese group of patients (p < 0.054,
Table III).

Figure 1 describes correlation between body mass index
and fasting serum Triglycerides. No linear trend was
found between BMI and Triglycerides and correlation
coefficient for Triglycerides and body mass index
showed weak negative insignificant correlation (r =
-0.103).

Figure 2 describes correlation between Body mass
index and CRP level. Correlation between these two
variables was (r = 0.425) which showed an intermediate
positive correlation. If Body Mass index increases by
1 unit on the average, CRP rises by 0.239 times. This
unit rise increase in CRP level in relation to body mass
index was significant. Whereas 1 unit rise increase in
triglycerides on the average cause CRP to decrease
-0.006 times but this unit decrease in CRP level was
insignificant in relation to triglycerides.

DISCUSSION
CRP is a well-known risk factor for cardiovascular
disease.13 But the correlation between CRP, BMI and
plasma lipids is not clear that whether they exert their
effect independently or they are dependent on each
other. Raised CRP and borderline high level was a major
finding in all age groups especially young and middle
aged patients irrespective of BMI.14 Many studies
suggested an increase in CRP level with advanced age
in general population. This is contrary to result of this
study as most of the patients with raised CRP were
young and middle aged. The possible reason of
difference could be different ethnic origin of study
populations and the presence of low grade vascular
inflammation in overweight and obese patients.
According to Larkin et al., CRP was significantly raised
in adolescents with obesity and sleep disordered
breathing and might conferred increased cardiovascular
risk.15 There was no significant difference regarding BMI
and CRP in either gender, anyhow triglyceride levels
were significantly raised among females as compared to
male patients.16 According to a meta-analysis in 1996 by
Hokanson, fasting triglyceride is independent cardio-
vascular risk factor due to highly atherogenic triglyceride
rich remnant lipoprotein and therefore, it can be a strong
predictor of CAD in women and those men with low HDL
cholesterol.17 The prospective Copenhagen male study
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Figure 1: Correlation between body mass index and fasting serum
triglycerides.

Figure 2: Correlation between body mass index and CRP level.

 



showed a positive correlation of TG level with risk of
CAD, higher the TG level more will be the cardiovascular
risk.18 Similarly, women health study conducted on
about 26509 people, showed association of non-fasting
TG with increased cardiovascular risk.19

In this study, out of 108 patients, 68 (62.9%) patients had
high TG level and 23 (21.3%) patients had borderline
high TG. This was indicative of a strong association
between increasing BMI and fasting TG level. There
were 66 (61.1%) patients with high CRP levels and
38 (35.2%) patients with borderline high CRP and only
4 (3.7%) patients had normal CRP level. This supports
the fact that obesity, dyslipidemia and raised CRP can
co-exist and are interrelated.20

According to a European study by Forouhi et al.,
adiposity especially the presence of visceral fat is mainly
responsible for low grade vascular inflammation and
raised CRP levels which are surrogate markers of
systemic inflammation and these cardiovascular risks
factors are interrelated in the etiology of metabolic
syndrome. As obese people are at risk of developing
type-2 diabetes mellitus due to insulin resistance, the
resulting hyperglycemia can affect collage cross linking
and protein matrix in vessel wall by causing oxidative
damage. This releases free radicals that can further
contribute to dyslipidemia and atherosclerosis. CRP is
also released due to vascular inflammation and thus all
these risk factors can play together and result in a
cardiovascular event.21 There were 66 (61.1%) patients
with raised CRP and 16 (24.2%) of them had normal TG
levels. This finding was supported by results of Umed
et al., according to which prevalence of high CRP among
patients with normal lipid concentration ranged from
28.8 to 35.3%.22

According to Sheikh et al., CRP is raised among patients
presenting with acute ischemic chest pain. Since this is
a marker of vascular inflammation, therefore, subjects
with raised CRP should be treated by stratification of risk
factors to improve outcomes in terms of cardiovascular
morbidity and mortality.2

The present results showed that there were 17 (15.7%)
patients with normal triglyceride levels and most of them
showed raised CRP level. Similarly, normal CRP was
found in only 4 patients and all of them had high TG
levels. This signifies that raised CRP causes a low grade
inflammation in the arterial walls of obese patients and it
can initiate a cascade of atherogenesis and hence
poses a threat of coronary artery disease even in the
absence of dyslipidaemia.23 There were 23 (21.3%)
obese patients with borderline high triglyceride levels. In
this group, 19 patients had CRP level > 3 mg/l and 4
patients had CRP level in the range of 1  - 3 mg/l. This
result indicates that CRP is an independent CV risk
factor but still synergistic effect of raised CRP along with
the presence of dyslipidemia could not only lead to

accelerated process of atherosclerosis but increased
risk of future cardiovascular events as well.24

There were only 4 patients with normal CRP levels and
all four had hypertriglyceridemia. Although it was not a
major finding as most of the obese patients with
dyslipidemia had manifested either raised or mildly
elevated CRP. This supports the fact that higher BMI is
associated with raised CRP level irrespective of plasma
lipids.7 Thus, raised CRP was a major finding among
most of the pre-obese as well as obese subjects
including those with normal triglyceride levels and others
with hypertriglyceridemia in this study. This indicates
importance of routine assessment of CRP as a
cardiovascular risk factor among high risk subjects with
one or more risk factors for CAD like diabetes,
hypertension, obesity, dyslipidaemia or smoking etc.
Stratification of these risk factors by life style
modification and pharmacological treatment should be
the ultimate objective in all such patients for primary
prevention of CAD.25

CONCLUSION
Raised CRP and high fasting TG were major findings in
all age groups especially among young and middle aged
people. Most of the study population belonged to pre-
obese group (52.7%) followed by class-1 and class-2
obesity. Obesity, hypertriglyceridemia and raised CRP
are interrelated suggesting that increasing BMI results in
vascular inflammation among pre-obese and obese
without overt diabetes mellitus and this leads to high
CRP level which can be used as a marker to predict the
risk of future CAD. Stratification of risk factors at this
stage by implementation of life style modification is
important for primary prevention of CAD. However, in the
absence of dyslipidaemia, raised CRP can still be
considered as a strong predictor of CAD and stroke.
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