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Objectives: High-sensitivity C-Reactive Protein (hs-CRP) is 
one of the most applied inflammation markers; therefore, 
the main objective of this research is to evaluate its epi-
demiological behavior in adult subjects of the Maracaibo 
City, Venezuela.

Materials and Methods: A total of 1,422 subjects, 704 
women (49.5%) and 718 men (50.5%), were enrolled in 
the Maracaibo City Metabolic Syndrome Prevalence Study. 
The results were expressed as medians and inter-quartile 
ranges (p25-p75). Differences were determined through 
the Mann-Whitney U test and one-way ANOVA test with 
the Bonferroni adjustment. A multiple logistic regression 
model was designed for the analysis of the main factors 
associated with high serum hs-CRP levels.

 Results: Overall hs-CRP median was 0,.372 mg/L (0.126-
0.765 mg/L), 0,382 mg/L (0.122-0.829 mg/L) for women 

and 0.365 mg/L (0.133-0.712 mg/L) for men; p=0.616. 
An increasing pattern was observed in hs-CRP concen-
trations through age, BMI, waist circumference and 
HOMA2-IR categories. After adjusting for independent 
variables, a greater risk for elevated hs-CRP levels was 
observed with female gender, hypertriacylglyceridemia, 
obesity, diagnosis of metabolic syndrome and very large 
waist circumference values.

Conclusions: Elevated hs-CRP levels are related to the 
metabolic syndrome but not with each of their separate 
components, being a greater waist circumference one of 
the more important risk factors, but only at values much 
higher than those proposed for our population.

Key Words: Cardiovascular disease, low-grade inflamma-
tion, risk factors, metabolic syndrome.
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ardiovascular Disease (CVD) is currently 
considered a true global epidemic1, consti-
tuting the main cause of morbid-mortality 

in the adult population at a worldwide, national and re-
gional level2-4. In 2004, 17.3 millions of people report-
edly died worldwide due to this cause, and it has been 

predicted that by 2030, yearly global deaths due to CVD 
will have reached 23.5 million of people2. Likewise, in our 
country in 2009, 20.30% of all deaths were attributed 
to heart disease3, whereas in the Zulia State 23.4% of 
all deceases were caused by CVD in the year 20084. As a 
consequence, these pathologies represent a problem for 
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public health systems due to the large economic and hu-
man resource burdens involved in its prevention, manage-
ment and rehabilitation5.

Traditionally, these entities have been associated with risk 
factors such as dyslipidemia, high blood pressure (HBP), 
obesity and insulin resistance6. Moreover, it is widely ac-
cepted that an inflammatory component plays a prepon-
derant role not only in the development of these risk fac-
tors, but also in the initiation and progression of athero-
sclerosis, the principal physiopathologic element of CVD7. 
Hence, numerous studies have focused on the search of 
inflammatory biomarkers which would allow the early de-
tection of this process, improving the prediction of cardio-
vascular events. In the clinical field, the molecule with the 
greatest acceptance in the clinical field for this purpose is 
the high-sensitivity C-Reactive Protein (hs-CRP)8, an acute-
phase reactant belonging to the pentraxin family, highly 
sensitive for the detection of inflammatory processes9.

In effect, current evidence10 shows that local microen-
vironment in an atherosclerotic plaque represents more 
than a simple lipidic infiltration and that the inflamma-
tory process at this stage is more complex than thought 
decades ago, where CRP, more than a simple observant, 
is an active molecule with direct participation at the 
endothelium11. Nevertheless, the relationship between 
hs-CRP levels and cardiovascular morbimortality has not 
been sufficiently clarified12. Thus, numerous techniques 
have been described for the quantification of plasmatic 
CRP levels; however, because the standard methods for 
its determination lose sensitivity with serum levels lower 
than 3 mg/L, the detection of low-grade inflammation 
states is not viable13. The first-rate test used for the iden-
tification of these states is the determination of high-
sensitivity CRP (hs-CRP), as this technique allows for the 
precise measuring of serum values as low as 0.05 mg/L, 
showing much more sensitivity than other methods14. 
Through the application of this technique, the interpre-
tation of CRP levels for the prediction of CVD risk be-
comes a possible endeavor15.

The clinical utility of hs-CRP is a currently widely discussed 
aspect; not only in regard of its usefulness in the predic-
tion of cardiovascular events, but also in account of the 
potential validity of its interpretation in other clinical sce-
narios16. Consequently, experimental studies are neces-
sary for the clarification of its true role as a cardiovascular 
risk factor, as well as population describing the behav-
ior of hs-CRP values. Nonetheless, studies on hs-CRP are 
scarce both nationally and in Latin America in general, 
particularly in respect of its relationship to CVD, obesity, 
dyslipidemia, insulin resistance and other cardiometabolic 
factors. Accordingly, the main objective of this research is 
the evaluation of the epidemiological behavior of serum 
hs-CRP concentrations in adult individuals of the Mara-
caibo City, Venezuela. 

Sample Selection
The Maracaibo Metabolic Syndrome Prevalence Study 
(MMSPS)17 was a cross-sectional research study which 
took place in the city of Maracaibo-Venezuela, with the 
purpose of identifying and evaluating metabolic syndrome 
and cardiovascular risk factors in the adult population of 
the Maracaibo municipality. There were 2,230 subjects 
enrolled as previously described, out of which 1,422 were 
selected based on hs-CRP measurement and exclusion 
based on personal history of autoimmune disease and/or 
chronic inflammatory disease, as well as individuals with 
an active infectious disease at the moment of evaluation. 
All participants signed a written consent before being in-
terrogated and physically examined. The study was ap-
proved by the Ethics Committee of the Endocrine and 
Metabolic Diseases Research Center.

Subject Evaluation
A full medical history was obtained using the Venezuelan 
Popular Powers Health Ministry approved medical, filled 
out by trained personnel. Socioeconomic status18 and 
ethnic background were also assessed. The International 
Physical Activity Questionnaire (IPAQ)19 was used for the 
evaluation of physical activity. For the statistical analysis 
only the leisure time subsphere was taken into account, 
because of the overestimation of global physical activity 
in our population when all 4 IPAQ spheres (Work, Active 
Transportation, Home, Leisure Time) are assessed through 
the IPAQ Scoring protocol. Accordingly, our population 
was classified based on the degree of physical activity per-
formed exclusively during leisure time, in 3 groups: a) Suf-
ficiently Active Subjects, who perform vigorous physical 
activity for ≥20 minutes at least 3 days a week, or moder-
ate physical activity ≥30 minutes at least 5 days a week; b) 
Insufficiently Active Subjects, those who performed some 
physical activity but did not achieve the previous recom-
mendations for vigorous and moderate physical activity; 
and c) Inactive Subjects, which comprises all individuals 
who do not perform any of physical activity, or lowers de-
grees than previously described. 

Blood Pressure
For the quantification of Blood Pressure (BP), the aus-
cultatory method was used, employing a calibrated and 
adequately validated sphygmomanometer. Subjects were 
sitting and at rest for a minimum of 15 minutes, with their 
feet on the ground and the arm used for the measure-
ment at the level of the heart. Diagnostic criteria proposed 
by the Seventh Report of the Joint National Committee 
on Prevention, Detection, Evaluation, and Treatment of 
High Blood Pressure (JNC-7) were used for the definition 
of subjects as hypertensive or non-hypertensive20. 

Anthropometry
Waist circumference was measured using calibrated mea-
suring tapes in accordance to the anatomical landmarks 
proposed by the USA National Institutes of Health pro-
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tocol21: midpoint between the lower border of the rib 
cage and the iliac crest, taking the length at the end of 
expiration, with participants standing and wearing only 
undergarments. For its analysis, the obtained data were 
divided on quartiles for each gender, obtaining the follow-
ing classification: For women: Q1 (<81.35 cm); Q2 (81.35-
90.99 cm); Q3 (91-99.99 cm) and Q4 (≥100 cm); and for 
men: Q1 (<88 cm); Q2 (88-97.99 cm); Q3 (98-107.11 cm) 
and Q4 (≥107.12 cm). Weight was determined using a 
digital weighing scale, while height values were obtained 
with a vertical tape measure calibrated in centimeters and 
millimeters; subjects had their feet bare and all clothing 
which could alter the determinations were removes. For 
the quantification of the Body Mass Index (BMI)22, the 
[Weight/Height2] formula was applied. The obtained val-
ues were grouped in 3 categories: Normal weight Sub-
jects (<24.99 kg/m2), Overweight Subjects (25-29.99 kg/
m2) and Obese Subjects (≥30 kg/m2).

Laboratory Analysis
After overnight fasting, serum levels of glucose, total cho-
lesterol, TAG and HDL-C were determined employing com-
mercial enzymatic-colorimetric kits (Human Gesellshoft 
Biochemica and Diagnostica MBH) and specialized com-
puterized equipment. LDL-C levels were calculated through 
Friedewald’s formula23. Serum hs-CRP levels were quanti-
fied employing immunoturbidimetric essays (Human Ge-
sellshoft Biochemica and Diagnostica MBH); and basal in-
sulin levels utilizing International Inc. USA. New Jersey DRG 
insulin kits. For the evaluation of Insulin Resistance (IR), the 
HOMA2-IR model proposed by Levy et al.24 was used, cal-
culated through the HOMA-Calculator available at http://
www.dtu.ox.ac.uk/homacalculator/index.php from the Ox-
ford Centre for Diabetes, Endocrinology and Metabolism 
(http://www.dtu.ox.ac.uk/). For statistical analyses, these 
values were distributed into quartiles: Q1 (<1.3); Q2 (1.3-
1.89); Q3 (1.9-2.69) and Q4 (≥2.7). For the diagnosis of 
Metabolic Syndrome (MS), the criteria from the IDF/AHA/
NHLBI/WHF/IASO 2009 consensus were applied25, after the 
determination of elevated waist circumference (≥80cm for 
females and ≥90cm for males), blood pressure, serum levels 
of triacylglycerides (TAG), high-density lipoprotein (HDL-C) 
and basal glycemia on all subjects.

Statistical Analysis
Qualitative variables were expressed in absolute and 
relative frequencies, evaluating association through the 
χ2 test. Normal distribution of variables was assessed 
through the Kolmogorov-Smirnov and Geary tests accord-
ing to the sample size. Variables with non-normal distribu-
tion were expressed in medians and interquartile ranges. 
Quantitative variables which showed a normal behavior, 
or those with a non-normal distribution which were nor-
malized after applying a logarithmic transformation, were 
expressed as arithmetic mean±SD (standard deviation), 
utilizing the T-Student test for comparisons between 2 
groups. High sensitivity-CRP values were expressed as me-

dians and interquartile ranges (p25-p75), applying Mann-
Whitney’s U Test for comparisons between 2 groups, and 
One-Way ANOVA test with the Bonferroni adjustment for 
comparisons among 3 or more groups. Likewise, logistic 
regression models were designed, estimating Odds Ratios 
(IC 95%) for elevated hs-CRP (defined as hs-CRP ≥0.765 
mg/L, 75th percentile for our population), adjusted by gen-
der, age groups, BMI categories, elevated waist circumfer-
ence (specific for each model), diagnosis of MS, and high 
serum TAG (≥150mg/dL). Data were analyzed with Statis-
tical Product and Service Solutions (SPSS) v.19 (SPSS IBM 
Chicago, IL), and the R Project for Statistical Computing, 
developed at Bell Laboratories, available at http://www.r-
project.org/, considered significant when p<0.05.

Characteristics of the Population
A total of 1,422 subjects were studied, of which 49.5% 
(n=704) corresponded to the female gender, and 50.5% 
(n=718) to the male gender. General characteristics of the 
studied population are presented in Table 1, while anthro-
pometric and laboratory variables are observed in Table 
2. The overall median for hs-CRP was 0.372 mg/L (0.126-
0.765 mg/L); percentile distribution for serum hs-CRP con-
centrations in the main population, as well as by sex, is 
presented in Table 3.

Serum hs-CRP, sociodemographic characteristics and 
cardiometabolic diagnoses
The analysis of hs-CRP serum levels in our population by 
sociodemographic variables is shown in Table 4. When 
compared by genders, hs-CRP concentrations were great-
er in women than in men, 0.382 vs. 0.365 mg/L, p=0.616. 
High-sensitivity-CRP serum concentrations showed an as-
cending trend as age increased, displaying significant dif-
ference between subjects aged 20-29 and 40-49 years: 
0.299 (0.090-0.644) mg/L vs. 0.471 (0.170-0.874) mg/L, 
respectively; p=0.003. On the other hand, when assess-
ing the behavior of serum hs-CRP concentrations by 
ethnic groups, no significant differences were detected 
(p=0.214). Similar results were witnessed when contrast-
ing serum hs-CRP levels among the diverse socioeco-
nomic statuses (p=0.139). On the contrary, serum hs-CRP 
concentrations were significantly greater in hypertensive 
subjects vs. non-hypertensive subjects (p=1.88x10-5), as 
well as in diabetics vs non-diabetics (p=0.0006), and in 
individuals with a diagnosis of MS vs those without such 
diagnosis (p=3.29x10-17).

Serum hs-CRP concentration and Physical Activity
The behavior of serum hs-CRP concentrations in the gen-
eral population according to the degree of leisure-time 
physical activity performed is depicted in Figure 1, where 
a decrease in serum hs-CRP proportions is evidenced as 
the degree of physical activity increased, displaying val-
ues of 0.404 (0.144-0.840) mg/L for Inactive Subjects and 
0.285 (0.058-0.576) mg/L for Sufficiently Active Subjects. 
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After making comparisons through the One-Way ANO-
VA test with Bonferroni adjustments (significance when 
p<0.016), significant differences were found between 
the levels of serum hs-CRP displayed by Inactive Subjects 
and those of the Sufficiently Active Subjects (p=0.001). In 
spite of this, no statistically significant differences were 
ascertained regarding the serum hs-CRP concentrations 
of Insufficiently Active vs. Sufficiently Active subjects 
(p=0.047), nor between those of Inactive vs. Insufficiently 
Active subjects (p=0.474).

Serum hs-CRP concentration and BMI
A progressive increase in serum hs-CRP values is observed 
contingent upon an increase in BMI, with values of 0.309 
(0.084-0,623) mg/L for Normal weight Subjects and 0.539 
(0.200-1.109) mg/L for Obese individuals. Significant dif-
ferences are evidence when contrasting Normal weights 
and Obese subjects (p=5.78x10-8), as well as Overweight 
and Obese subjects (p=4.02x10-9) (Figure 2).

Serum hs-CRP concentration and waist circumference
Serum hs-CRP levels show an upwards tendency through 
waist circumference quartiles for each gender as the lat-
ter values increase, with concentrations of 0.279 (0.063-
0.577) mg/L and 0.297 (0.065-0.575) mg/L in the first 
quartile; and of 0.586 (0.228-1.241) mg/L and 0.474 
(0.188-1.290) mg/L in the fourth quartile, for females 
and males, respectively (Figure 3). Significant differences 
were found among females when comparing Q4 vs. Q1 
(p=0.001) and Q4 vs. Q2 (p=0.001); as were encountered 
among males when contrasting Q4 vs. (p=3.26x10-5), Q4 
vs. Q2 (p=0.002) and Q4 vs. Q3 (p=0.001).

Serum hs-CRP concentration and insulin resistance
In the same vein, when categorizing the population in 
HOMA2-IR quartiles, an ascending trend is exposed in se-
rum hs-CRP values regarding these groups as the degree 
of insulin resistance escalates (Figure 4). Values of 0.28 
(0.066-0.565) mg/L were found for the first quartile; and 
of 0.466 (0.179-1.071) mg/L for the fourth quartile; sig-
nificant differences were detected between individuals of 
Q4 vs Q1 (p=2.37x10-8), Q4 vs Q2 (p=1.07x10-6) and Q4 
vs Q3 (p=1.84x10-4).

Risk Factors for elevated serum hs-CRP in Maracaibo
Risk factors for the presence of increased serum hs-CRP 
concentrations in our population are shown in Table 4. In 
the first logistic regression model, it was evidenced that 
subjects with hypertriacylglyceridemia had the greatest 
levels of hs-CRP (OR=2.06, CI95%=1.48-2.86; p<0.01); 
however, no significant p values were observed in those 
with central obesity. In the second model, higher cut-off 
points for waist circumference (females: ≥88cm; males: 
≥102 cm) were employed for the definition of abdomi-
nal obesity, without achieving to show any significant evi-
dence that the risk for presenting high serum hs-CRP lev-
els would increase at these points either. In the final third 
model, where higher cut-off points were utilized (females: 

≥125cm; males: ≥140cm), these subjects were found to 
be twice as prone to display elevated hs-CRP levels with 
statistical significance. It is noteworthy to highlight that 
in the women`s group, obesity and the diagnosis of MS 
are conditions which increase the risk for exhibiting low-
grade inflammation.

Table 1. General characteristics of the population, evaluated 
by gender. The Maracaibo City Metabolic Syndrome Prevalence 
Study, 2013.

Females
(n=704)

Males
(n=718)

Total 
(n=1422)

n % n % n %
Age Group (%)
18-19 60 8.5 52 7.2 112 7.9
20-29 148 21.0 223 30.9 370 26.0
30-39 111 15.8 136 18.9 247 17.4
40-49 175 24.9 125 17.4 300 21.1
50-59 126 17.9 118 16.6 245 17.2
≥60 74 11.9 64 8.9 184 10.4
Ethnic Group(%)
Mixed Race 528 75.0 558 77.7 1086 76.4
Hispanic Whites 110 15.6 105 14.6 215 15.1
Afro-Venezuelas 20 2.8 22 3.1 42 3.0
American-Indians 41 5.8 33 4.6 74 5.2
Others 5 0.7 0 0 5 0.4
Socioeconomic Status (%)
Stratum I: High Class 7 1.0 10 1.4 17 1.2
Stratum II: Upper-Middle 
Class 117 16.6 141 19.6 258 18.1

Stratum III: Middle Class 247 35.1 300 41.8 547 38.5
Stratum IV: Working 
Class 287 40.8 245 34.1 532 37.4
Stratum V: Lower – 
Extreme Poverty 46 6.5 22 3.1 68 4.8

Physical Inactvitya (%) 521 74.0 398 55.4 919 64.6
Obesity b (%) 213 32.7 232 35.7 445 34.2
Insulin Resistancec (%) 331 49.9 340 48.8 671 49.3
Type 2 Diabetes mellitus 
d (%) 45 6.4 49 6.8 94 6.6

HBP d (%)vv 128 18.2 195 27.2 323 22.7
MS (%) 279 39.6 322 44.8 601 42.3
Total (%) 704 49.5 718 50.5 1422 100

a <10 minutes/week of moderate physical activity
b Body Mass Index ≥30Kg/m2.
c HOMA2-IR ≥2.
d Personal history

Table 2. Clinical and biochemical variables, evaluated by gender. 

The Maracaibo City Metabolic Syndrome Prevalence Study, 2013.

Females
 (n=704)

Males
 (n=718) p*

Age (Years) 41±16 38±15 0.0007
BMI (kg/m2) 28.1±6.4 28.9±6.3 0.006
Waist Circumference (cm) 91.7±14.2 99.1±16.2 1.05x10-20

HOMA2-IR 2.3±1.4 2.3±1.5 0.281
Basal Glycemia (mg/dL) 97.6±29.9 99.1±36.5 0.747
Insulin (UI/ml) 15.2±10.1 15±9.8 0.206
TAG (mg/dL) 116.3±84.5 149.2±122.9 1.37x10-11

Total Cholesterol (mg/dL) 193.7±46.0 185.7±48.8 0.0002
HDL-C (mg/dL) 46.6±11.7 40.0±9.6 2.32x10-30

LDL-C (mg/dL) 122.9±38.9 116.3±38.0 0.003
SBP  (mmHg) 117.6±17.2 121.9±16.1 1.3x10-7

DBP  (mmHg) 75.4±10.7 78.8±11.8 3.3x10-8

*t-Student test. Statistically significant differences (p<0.05).
TAG=Triacylglyceridos; BMI=Body Mass Index; HDL-C=High-Density Lipoprotein; 
LDL-C=Low-Density Lipoprotein; SBP=Systolic Blood Pressure;  DBP=Diastolic 
Blood Pressure
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Table 5. Logistic regression models of risk factors for elevated hs-CRP in adult individuals. The 
Maracaibo City Metabolic Syndrome Prevalence Study, 2013.

Model 1* Model 2** Model 3***

Crude Odds Ratio 
(IC 95%a)

pb
Adjusted Odds 

Ratioc

(IC 95%a) 
pb

Adjusted Odds 
Ratioc

(IC 95%a) 
pb

Adjusted Odds 
Ratioc

(IC 95%a) 
pb

Gender
Males 1.00 - 1.00 - 1.00 - 1.00 - 

Females 1.23 (0.97 - 1.56) 0.09 1.50 (1.15 - 1.96) < 0.01 1.42 (1.08 - 1.86) 0.01 1.48 (1.14 - 1.92) < 0.01 

Metabolic Syndrome
Absent 1.00 - 1.00 - 1.00 - 1.00 - 

Present 3.05 (2.38 - 3.91) < 0.01 1.84 (1.27 - 2.67) < 0.01 1.72 (1.20 - 2.47) < 0.01 1.68 (1.17 - 2.41) < 0.01 

Hypertriacylgliyceridemiad

Absent 1.00 - 1.00 - 1.00 - 1.00 - 

Present 3.06 (2.38 - 3.94) < 0.01 2.06 (1.48 - 2.86) < 0.01 2.07 (1.49 - 2.88) < 0.01 2.18 (1.56 - 3.05) < 0.01 

Elevated Waist Circumferencee

Absente 1.00 - 1.00 - 1.00 - 1.00 - 

Presente 3.06 (2.38 - 3.94) < 0.01 0.80 (0.51 - 1.25) 0.32 1.20 (1.49 - 2.88) 0.34 2.39 (1.02 - 5.56) 0.04 

Age Groups (Years)
< 20 1.00 - 1.00 - 1.00 - 1.00 - 

20-29 1.26 (0.70 - 2.29) 0.44 0.92 (0.60 - 2.05) 0.73 1.06 (0.57 - 1.95) 0.86 1.07 (0.58 - 1.96) 0.84 

30-39 2.60 (1.43 - 4.71) < 0.01 1.88 (0.90 - 3.18) 0.10 1.59 (0.85 - 2.99) 0.15 1.62 (0.86 - 3.04) 0.13

40-49 2.22 (1.23 - 3.99) < 0.01 1.11 (0.59 - 2.11) 0.75 1.02 (0.54 - 1.92) 0.96 1.06 (0.56 - 1.99) 0.86

50-59 2.59 (1.43 - 4.70) < 0.01 1.28 (0.67 - 2.45) 0.46 1.17 (0.61 - 2.23) 0.64 1.21 (0.64 - 2.30) 0.56

≥60 2.27 (1.20 - 4.31) 0.01 1.02 (0.50 - 2.05) 0.97 0.93 (0.46 - 1.87) 0.84 0.98 (0.49 - 1.97) 0.96

BMI (Kg/m2)
≤ 24.9 1.00 - 1.00 - 1.00 - 1.00 - 

25 – 29.9 1.16 (0.83 - 1.61) 0.39 0.92 (0.62 - 1.37) 0.67 0.79 (0.54 - 1.16) 0.23 0.84 (0.59 - 1.21) 0.33 

≥ 30 2.72 (1.99 - 3.70) < 0.01 1.88 (1.24 - 2.84) < 0.01 1.47 (0.93 - 2.33) 0.09 1.63 (1.14 - 2.33) < 0.01

Tabla 4. Serum hs-CRP concentrations by sociodemographic variables and 
cardiometabolic profiles in the general population. The Maracaibo City 
Metabolic Syndrome Prevalence Study, 2013.

hs-CRP concentration (mg/L)
Median p25-p75 p

Gender a0.616
Females 0.381 0.122-0.829
Males 0.365 0.133-0.712
Age Groups (Years) c8.12x10-45

18-19 0.213 0.044-0.547
20-29* 0.299 0.090-0.644
30-39 0.448 0.093-0.898
40-49* 0.471 0.170-0.874
50-59 0.402 0.167-1.030
≥60 0.447 0.216-0.954
Ethnic Groups b0.214
Mixed Race 0.366 0.108-0.750
Hispanic Whites 0.400 0.184-0.797
Afro-Venezuelas 0.337 0.176-0.880
American-Indians 0.447 0.170-1.012
Others 0.572 0.318-0.668
Socioeconomic Status (%) b0.139
Stratum I: High Class 0.174 0.051-0.342
Stratum II: Upper-Middle Class 0.338 0.126-0.644
Stratum III: Middle Class 0.377 0.134-0.720
Stratum IV: Working Class 0.397 0.105-0.862
Stratum V: Lower – Extreme 
Poverty 0.465 0.226-0.794
High Blood Pressure a1.88x10-5

Non-Hypertensives 0.348 0.104-0.692
Hypertensives 0.466 0.189-0.943
Type 2 Diabetes Mellitus a0.006
Non-Diabetics 0.363 0.123-0.741
Diabetics 0.561 0.216-1.086
Metabolic Syndrome a3.29x10-17

Present 0.309 0.083-0.591
Absent 0.504 0.207-1.079

Table 3. Percentile distribution of serum hs-CRP 
concentrations in the general population and by gender. 
The Maracaibo City Metabolic Syndrome Prevalence 
Study, 2013.

hs-CRP concentration (mg/L)

p25 p50 p75 p90 p95 p97.5 p99

Females 0.122 0.381 0.829 1.490 2.073 2.995 5.557

Males 0.133 0.365 0.712 1.519 2.165 3.020 5.170

Total 0.126 0.372 0.765 1.490 2.105 2.995 5.170

Mann-Whitney’s U Test a Statistically significant differences (p<0.05)
One-Way ANOVA with Bonferroni adjustment:  Statistically significant 

differences: b(p<0.01) ot c(p<0.0083) 

* Statistically significant difference between age groups 20-29 vs 
40-49 (p=0.003)

a Confidence Interval (95%); b Level of 
Sgnificance; c Adjusted for: Gender, Age 
Groups, presence or not of Metabolic 
Syndrome, hypertriacylglyceridemia, 
BMI  and Elevted Waist Circumference; d 
Triacylglycerides ≥150 mg/dL; e Specific cut-
off point for each model

* Model 1: Elevated Waist Circumference: 
Females: ≥80cm; Males: ≥90cm

** Model 2: : Elevated Waist Circumference: 
Females: ≥88cm; Males: ≥102 cm

*** Model 3: : Elevated Waist Circumference: 
Females: ≥125 cm; Males ≥140 cm
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he fundamental role played by inflammation 
in the initiation and evolution of atheroscle-
rosis, the common physiopathologic element 

of all CVD, is widely recognized26. Therefore, one of the 
main research objectives in the cardiovascular field is the 
identification of biomarkers for the early detection of this 
low-grade inflammatory component underlying the ath-
erosclerotic process, for the prediction of future cardiovas-
cular events. For this purpose, hs-CRP prevails over several 
other markers, by virtue of its greater sensitivity to detect 
low-grade inflammatory processes13 with the best cost-
benefit relationship27. Moreover, CRP exhibits great struc-
tural stability, a lengthy half-life, and it does not require 
special collection or conservation techniques for its quan-
tification28,29, favoring its routine utilization in the everyday 
clinical scenario. These features, along with the standard-
ization of all techniques for its determination, guarantee 
low variability in results, independently of the method 
employed30. Nevertheless, controversy still surrounds the 
use of hs-CRP in clinical settings and primary prevention; 
and despite the high prevalence of CVD a scarcity remains 
of epidemiologic studies assessing the behavior of hs-CRP 
and its relationship with phenotypic and cardiometabolic 
qualities endogenous to our demography.

At first instance, when comparing hs-CRP values between 
genders, no statistically significant differences were 
found, diverging from previously reported results31,32. 
Women may manifest more substantial concentrations of 
inflammatory markers than men due to events inherent 
to female physiology, such as ovulation and menstruation 
in fertile women33 and the dwindling of estrogen concen-
trations in postmenopausal women34; in both contexts, 
adiposity seems to be the magnifying factor of all low-
grade inflammation states35. Nonetheless, the apparent 
parallelism of serum hs-CRP levels for both sexes in our 
population may stem from the lack of significant differ-
ences in the proportions of adipose mass between female 
and male subjects.

When arranging subjects by age groups, serum hs-CRP 
concentrations appear to rise as age increases, particu-
larly in the group of 30-year-olds and onwards (Table 4), 
a picture resembling data described by Woloshin et al.36 
in American individuals. This behavior is tightly associated 
with metabolic changes typical of aging, which favor not 
only the enhancing of visceral adipose tissue accumulation, 
but also the development of a pro-oxidative environment, 
contributing to a chronic inflammatory state; particularly 
through the activation of NF-κB37. Furthermore, the longer 
time of exposure to proinflammatory environmental stim-
uli, such as smoke and infections, poses a notorious factor 

in the fundament of this relationship38. Prominently, in our 
population, values of waist circumference, HOMA2-IR, to-
tal cholesterol, TAG, systolic blood pressure and diastolic 
blood pressure showed a similar increasing pattern though 
age groups. An important effect over serum hs-CRP levels 
has also been conceded to ethnic origin39. In spite of this, 
no sign of this association is found in our population, os-
tensibly because of the extended proportion of subjects of 
mixed race in our study, and the deep-rooted crossbreeding 
backdrop inherent to our demography40.

Regarding psychobiological behaviors, physical activity ap-
pears to play a relevant part in the prevention of chronic 
proinflammatory states. The minimizing impact of physical 
activity over serum concentrations of inflammatory markers, 
including hs-CRP, is a widely recognized consideration41,42. 
Our findings offer substance to this assertion; with hs-CRP 
values decreasing with greater degrees of physical activity 
in our population, as has been reported beforehand43,44. 
Aerobic physical activity prevents and aids in the manage-
ment of pathologies such as obesity, HBP, insulin resistance 
and hypertriacylglyceridemia45, all of which encompass an 
underlying inflammatory component in their physiopathol-
ogy46. In consequence, it is important to promote physical 
activity for the primary or coadjutant therapy of these enti-
ties, as it also diminishes the magnitude of chronic inflam-
matory states, translated in the lowering of hs-CRP concen-
trations, and reduction of CVD risk.

The importance of obesity in the development of low-grade 
inflammatory states becomes evident when assessing se-
rum hs-CRP levels based on waist circumference values for 
both genders, where the analyses unveiled significantly 
greater concentrations in subjects included in the fourth 
quartile of waist circumference values, harmonizing with 
the results portrayed by Sorensen et al. in Siberian sub-
jects47. This highlights meaningfulness of visceral adipose 
tissue, typical of the abdominal region, in the systemic in-
flammation found in obesity48. Notwithstanding the un-
disputed role of chronic inflammation in the development 
of obesity, and by consequence, of insulin resistance49, 
population studies assessing these elements through hs-
CRP and HOMA2-IR are scarce. The assertions stated by 
Bangqiong et al.50 on 587 Chinese subjects concur with 
our findings, reporting significantly higher serum hs-CRP 
concentrations in individuals pertaining to the fourth quar-
tile of HOMA2-IR values, which also possesses the highest 
BMI and waist circumference values in our population. In-
creased adiposity, both visceral and subcutaneous, are as-
sociated with the chronic secretion of proinflammatory cy-
tokines and greater hs-CRP levels, factors which have been 
implicated in the evolution of insulin resistance, as they 
interfere with insulin signaling and the synthesis of glucose 
transporters in insulin-dependent tissues51,52. As expected 
on the basis of prior discussion, serum hs-CRP levels were 
significantly greater in subjects with type 2 diabetes mel-
litus, in agreement with previous studies53,54. 
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Another widely discussed concept is the link between 
inflammation and HBP55. In harmony with the reports of 
the MESA study, our findings reflect significantly higher 
hs-CRP values in hypertensive individuals than in non-
hypertensive subjects56. CRP flaunts a relevant role in the 
pathogenesis of HBP by inhibiting the activity of Endo-
thelial Nitric Oxide Synthase, and in consequence, dimin-
ishing the endothelial vasodilatory capacity57. In addition, 
angiotensin II can enhance this effect not only through its 
classic hypertensive effects, but also by upregulating the 
synthesis of numerous inflammatory markers through the 
activation of NF-Κb, equally exacerbating the underlying 
chronic inflammatory process58.

In the same way, and as claimed beforehand in our conti-
nent59, subjects with a diagnosis of MS displayed greater 
levels of hs-CRP, as well as a greater risk of exhibiting el-
evated hs-CRP in the multivariate analysis. This analysis 
also revealed that in our population, only abdominal obe-
sity and hypertriacylglyceridemia represent risk factors for 
low-grade inflammation, results differing from those as-
certained by Tamakoshi et al.60 who found an association 
with each of the separate components of MS.

Finally, the analysis of serum hs-CRP levels has allowed for 
the recognition of its behavior in our population, illustrat-
ing the need for the proposal of adequate reference inter-
vals which would enable the categorization of patients in 
distinct risk levels. This would also allow for the compari-
son of these cut-off points with those established by the 
CDC and other worldwide population studies, with the 
objective of formulating management guidelines based 
on these values.

Aknowledgements
This work was supported by research grant Nº CC-0437-
10-21-09-10 from the Technological, Humanistic, and 
Scientific Development Council (Consejo de Desarrollo 
Científico, Humanístico y Tecnológico; CONDES), Univer-
sity of Zulia, and research grant Nº. FZ-0058-2007 from 
Fundacite-Zulia. 

Disclosure
The authors have are no conflicts of interest to disclose.

1. Vartiainen E. Controlling the cardiovascular disease epidemic. J Internal Med 
2008;263:623-625.

2. World Health Organization. Global status report on non-communicable disease.  
2010. ISBN 9789240686458. Disponible en:

http://whqlibdoc.who.int/publications/2011/9789240686458_eng.pdf 

3. Anuario de Mortalidad 2009. Ministerio del Poder Popular para la Salud de la 
República Bolivariana de Venezuela. Disponible en: www.mpps.gob.ve 

4. Anuario de Estadísticas Vitales del estado Zulia. Año 2008. Disponible en: http://
www.bvs.org.ve/anuario/anuario_2008.pdf 

5. Abegunde D, Anderson S. An estimation of the economic impact of chronic non-
communicable diseases in selected countries. 2006. Disponible en:

http://www.who.int/chp/working_paper_growth%20model29may.pdf 

6. Third Report of the National Cholesterol Education Program (NCEP) Expert Panel 
on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults Adult 
Treatment Panel III, Final Report. Circulation 2002;106:3143-3421.

7. Libby P, Ridker PM, Maseri A. Inflammation and atherosclerosis. Circulation 
2002;105:1135–43.

8. Ridker PM. Clinical Application of C-Reactive Protein for Cardiovascular Disease 
Detection and Prevention. Circulation 2003;107:363-9.

9. Devaraj S, Valleggi S, Siegel D, Jialal I. Role of C-Reactive Protein in Contribut-
ing to Increased Cardiovascular Risk in Metabolic Syndrome. Curr Atheroscler Rep 
2010;12:110–8.

10. Spagnoli LG, Bonanno E, SangiorgiG, Mauriello A. Role of Inflammation in Athero-
sclerosis. J Nucl Med 2007;48:1800–15.

11. Gómez J. La proteína C reactiva. Policía, agresor o simple testigo. Clin Invest Arte-
rioscl 2008;20:113-5.

12. Yeh ET., Wlllerson JT. Coming of age of C-reactive protein: using inflammation 
markers in cardiology. Circulation 2003;107:370-1.

13. Cholestech Technical Bulletin. Number 116. High Sensitivity C-Reactive Protein (hs-
CRP). 2005. Cholestech Corporation.

14. Spinreact Insert. CRP-ultrasensitive. Latex turbidimetry. Spinreact S.A. Ed. 02. 
2005.

15. Rutter MK, Meigs JB, Sullivan LM, D’Agostino RB, Wilson PW. C-Reactive Protein, 
the Metabolic Syndrome, and Prediction of Cardiovascular Events in the Framing-
ham Offspring Study. Circulation 2004;110:380-5.

16. Arroyo-Espleguiro R, Avanzas P, Kaski JC. Enfermedad cardiovascular ateroscleróti-
ca: la utilidad de la proteína C reactiva en la identificación de la placa “vulnerable” 
y del paciente “vulnerable”. Rev Esp Cardiol 2004;57:375-8. 

17. Bermúdez, V, Marcano RP, Cano C, Arráis N, Amell A, Cabrera M, Reyna N, Men-
gual E, Vega L, Finol F, Luti Y, Sánchez D, Sánchez W, González J, Montes J, Rojas E, 
Cano J, Cano R, Velasco M, Miranda JL. The Maracaibo City Metabolic Syndrome 
Prevalence Study: Design and Scope. Am J Therapeutics 2010;17:288-94.

18. Méndez-Castellano H, De Méndez MC. Estratificación social y biología humana: 
método de Graffar modificado. Arch Ven Pueric Pediatr 1986;49:93–104.

19. The International physical activity questionnaire available at: http://www.ipaq.
ki.se/ipaq.htm 

20. Joint National Committee on Prevention, Detection, Evaluation, and Treatment 
of High Blood Pressure. The seventh report of the joint national committee on 
prevention, detection, evaluation, and treatment of high blood pressure. JAMA 
2003;289:2560-71.

21. Health Statistics. NHANES III reference manuals and reports (CDROM). Hyattsville, 
MD: Centers for Disease Control and Prevention, 1996. Available at:

http://www.cdc.gov/nchs/data/nhanes/nhanes3/cdrom/NCHS/MANUALS/AN-
THRO.PDF 

22. World Health Organization. The World Health Report 2003. Available at:

http://www.who.int/whr/2003/en/   

23. Friedewald WT, Levy R, Fredrickson DS. Estimation of plasma low-density lipoprotein 
without the use of a preparative ultracentrifugation. Clin Chem 1978;18:499–502.

24. Levy J, Matthews DR, Hermans MP. Correct homeostasis model assessment (HOMA) 
evaluation uses the computer program (Letter). Diabetes Care 1998;21:2191–2.

25. Alberti K, Eckecl R, Grundy S, Zimmer PZ, Cleeman JI, Donato KA, Fruchart JC, 
James WP, Loria CM, Smith SC Jr. “Harmonizing the Metabolic Syndrome: A Joint 
Interim Statement of the International Diabetes Federation Task Force on Epidemi-
ology and Prevention: National Heart, Lung, and Blood Institute; American Heart 
Association; World Heart Federation; International Atherosclerosis Society; Inter-
national Association for the Study of Obesity”. Circulation 2009;120:1640-45.

26. Shah, S.H., Newby, K. C-Reactive Protein: A Novel Marker of Cardiovascular Risk. 
Cardiology Rev 2003;11:169–79.

27. Mantovani A, Garlamda C, Doni A, Borrazzi B. Pentraxins in Innate Immunity: From 
C-Reactive Protein to the Long Pentraxin PTX3. J Clin Immunol 2008;28:1–13.

28. Semple S. C-reactive protein—biological functions, cardiovascular disease and 
physical exercise. South African Journal of Sports Medicine 2006;18:24-8. 

29. Lee KK, Cipriano LE, Owens DK, Go AS, Hlatky MA. Cost-effectiveness of using 
high-sensitivity C-reactive protein to identify intermediate- and low-cardiovascular-
risk individuals for statin therapy. Circulation 2010 12;122(15):1478-87.

30. Roberts, WL. Application to Clinical and Public Health Practice: Laboratory Tests 
Available to Assess Inflammation—Performance and Standardization: A Back-
ground Paper. Circulation 2004; 110: e572-e576

31. Cartier A, Côté M, Lemieux I, Pérusse L, Tremblay A, Bouchard C, Després JP. Sex 
differences in inflammatory markers: what is the contribution of visceral adiposity? 
Am J Clin Nutr. 2009;89:1307-14.

32. Khera A, Vega GL,  Das SR, Ayers C, McGuire DK, Grundy SM, de Lemos JA. Sex 

Referencias



86

Differences in the Relationship between C-Reactive Protein and Body Fat. J Clin 
Endocrinol Metab 2009;94:3251–8.

33. Puder JJ, Blum CA, Mueller B, De Geyter Ch, Dye L, Keller U. Menstrual cycle 
symptoms are associated with changes in low-grade inflammation. Eur J Clin In-
vest 2006;36:58-64.

34.  Alvehus, Malin. Adipose tissue IL-8 is increased in normal weight women after 
menopause and reduced after gastric bypass surgery in obese women. Clin Endo-
crinol (Oxf) 2012;77:684-90.

35.  Blum CA, Müller B, Huber P, Kraenzlin M, Schinfler C, De Geyter C, Keller U, 
Puder JJ . Low-Grade Inflammation and Estimates of Insulin Resistance during 
the Menstrual Cycle in Lean and Overweight Women. J Clin Endocrinol Metab 
2005;90:3230–5

36. Woloshin S, Schwartz LM. Distribution of C-Reactive Protein Values in the United 
States. N Engl J Med 2005; 352:1611-1613

37. Licastro F, Candore G, Lio D, Porcellini E, Colonna-Romano G, Franceschi C, Caruso 
C. Innate immunity and inflammation in ageing: a key for understanding age-
related diseases. Immun Ageing 2005; 2:8.

38. Kushner I. C-reactive protein elevation can be caused by conditions other than 
inflammation and may reflect biologic aging. Cleve Clin J Med. 2001;68(6):535-7.

39. Ranjit N, Diez-Roux AV, Shea S, Cushman M, Ni H, Seeman T. Socioeconomic Posi-
tion, Race/Ethnicity, and Inflammation in the Multi-Ethnic Study of Atherosclerosis. 
Circulation 2007;116:2383-90.

40. Anand SS, Razak F, Yi Q, Davis B, Jacobs R, Vuksan V, Lonn E, Teo K, McQueen 
M, Yusuf S. C-reactive protein as a screening test for cardiovascular risk in a multi-
ethnic population. Arterioscler Thromb Vasc Biol 2004;24:1509-15.

41. Cardozo-Galué G, Parra-Grazzina I, Urdaneta-Quintero MA. Los orígenes de Ma-
racaibo y el dominio del Lago: diversidad social y mestizaje.  Revista Semestral 
de Historia, Arte y Ciencias Sociales 2006; available at: www.saber.ula.ve/bit-
stream/123456789/23174/2/articulo6.pdf 

42. Kasapis C, Thompson PD. The Effects of Physical Activity on Serum C-Reactive 
Protein and Inflammatory Markers. J Am Coll Cardiol 2005;17;45.

43. Hammett CJ, Prapavessis H, Baldi JC, Varo N, Schoenbeck U, Amenratunga R, French 
JK, White HD, Stewart RA. Effects of exercise training on 5 inflammatory markers 
associated with cardiovascular risk. Am Heart J 2006;151:367.e7-367.e16.

44. Albert MA. Effect of physical activity on serum C-reactive protein. American J Car-
diol 2004;93:221-5. 

45. Aronson D, Sheikh-Ahmad M, Avizohar O, Kerner A, Sella R, Bartha P, Markiewicz 
W, Levy Y, Brook GJ C-Reactive protein is inversely related to physical fitness in 
middle-aged subjects. Atherosclerosis 2004;176:173-9.

46. Thompson PD, Buchner D, Ileana P; Baladi GJ, Williams MA, Marcus BH, Berra K, 
Blair SN, Costa F, Franklin B, Fletcher GF, Gordon NF, Pate RR, Rodriguez BL, Yancey 
AK, Wenger NK. Physical Activity, and Metabolism (Subcommittee on Physical Ac-
tivity) (Subcommittee on Exercise, Rehabilitation, and Prevention) and the Council 
on Nutrition, Cardiovascular Disease: A Statement From the Council on Clinical 
Cardiology Exercise and Physical Activity in the Prevention and Treatment of Ath-
erosclerosis. Circulation. 2003;107:3109-16.

47. Nanri A, Moore M, Kono S. Impact of C-Reactive Protein on Disease Risk and Its Rela-
tion to Dietary Factors: Literature Review. Asian Pacific J Cancer Prev 2007;8:167-77.

48. Sorensen MV, Leonard WR, Tarskaya LA, Ivanov KI, Snodgrass JJ, Alekseev VP, 
Krivoshapkin VG, Rifai N. High-sensitivity C-reactive protein, adiposity, and blood 
pressure in the Yakut of Siberia. Am J Hum Biol 2006;18(6):766-75.

49. Yudkin JS. Inflammation, obesity, and the metabolic syndrome. Horm Metab 
Res 2007;39:707-9.

50. Olefsky JM, Glass CK. Macrophages, Inflammation and Insulin Resistance. Annu 
Rev Physiol 2010;72:219–46.

51. Wang B, Li Q, Jiang Y, Liu Z, Zhong L, Luo R, Cheng Q, Qing H. Serum complement 
C3 has a stronger association with insulin resistance than high sensitive C-reactive 
protein in non-diabetic Chinese. Inflamm Res 2011;60:63-8. 

52. Zhang J, Gao Z, Yin J, Quon MJ, Ye J. S6K directly phosphorylates IRS-1 on Ser-270 
to promote insulin resistance in response to TNF-(alpha) signaling through IKK2. J 
Biol Chem 2008 19;283:35375-82. 

53. Nguyen MT, Satoh H, Favelyukis S, Babendure JL, Imamura T, Sbodio JI, Za-
levsky J, Dahiyat BI, Chi NW,Olefsky JM. JNK and tumor necrosis factor-alpha 
mediate free fatty acid-induced insulin resistance in 3T3-L1 adipocytes. J Biol 
Chem 2005;280:35361-71.

54. Amanullah S, Jarari A, Govindan M, Basha MI, Khatheeja S. Association of hs-CRP 
with  Diabetic and Non-diabetic individuals. Jordan J Biol Sci 2010;3:7-12.

55. Sjöholm A, Nyström T. Inflammation and the etiology of type 2 diabetes. Diabetes 
Metab Res Rev 2006;22:4-10.

56. Pauletto P, Rattazzi M. Inflammation and hypertension: The search for a link. 
Nephrol Dial Transplant 2006;21:850-3.

57. Lakoski SG, Cushman M, Palmas W, Blumenthal R, D’Agostino RB Jr, Herrington 
DM. The relationship between blood pressure and C-reactive protein in the Multi-
Ethnic Study of Atherosclerosis (MESA). J Am Coll Cardiol 2005;46:1869-74.

58. Jialal I et al. Inhibition of Endothelial Nitric Oxide Synthase by C-Reactive Protein: 
Clinical Relevance. Clin Chem 2009;55:206-8.

59. Ghanem FA, Movahed A. Inflammation in high blood pressure: a clinician perspec-
tive. J Am Soc Hypertens 2007;1:113-9.

60. Fröhlich M, Imhof A, Berg G, Hutchinson WL, Pepys MB, Boeing H, Muche R, Brenner 
H, Koenig W. Association between C-reactive protein and features of the metabolic 
syndrome: a population-based study. Diabetes Care 2000;23:1835-9.


