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Background: With the emergence of more
sensitive assay techniques, it has been
shown that C reactive protein (CRP) is
present at low levels in the serum of all
the clinically healthy individuals. Objective:
To determine the interval values of high-
sensitivity CRP (hs-CRP) in healthy adults.
Methods: Serum hs-CRP level was eval-
uated in 176 healthy blood donors. Re-
sults: The serum hs-CRP level ranged from
<0.175 to 48.7 mg/l (median 1.2 mg/l); 127
(72.2%) individuals exhibited values >0.175
and <3.0 mg/l and 31 (17.6%) showed val-
ues >3.0 and <10.0 mg. Higher hs-CRP
level was observed among the female than
male (P = 0.0001), and among the older
than the younger individuals (P = 0.0180).
Individuals with body mass index >25.0
kg/m? exhibited higher hs-CRP level than
those with normal weight (18.5-24.9 kg/m?;

P < 0.0005). When the participants were
stratified into gender and low (<24.9 kg/m?)
and high (>24.9 kg/m?) body mass index
(BMI) groups, the gender difference in hs-
CRP levels remained (female with low BMI
vs. male with low BMI, P = 0.0221; female
with high BMI vs. male with high BMI, P =
0.0001). Conclusion: Gender, age, and BMI
influence serum hs-CRP level in healthy in-
dividuals and these variables should be con-
sidered for the interpretation of hs-CRP val-
ues. The results reinforce the importance
in evaluating whether these differences in
hs-CRP levels could contribute to alter the
cardiovascular risk criteria and clinical out-
comes, and whether hs-CRP thresholds for
cardiovascular risk assessment should be
adjusted for different gender and body mass
index groups. J. Clin. Lab. Anal. 27:207—-
210, 2013. © 2013 Wiley Periodicals, Inc.
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INTRODUCTION

In the presence of inflammation or tissue necrosis, tu-
mor necrosis factor alpha (TNF-a), interleukin-1 (IL-1),
and mainly interleukin-6 (IL-6), predominantly produced
by macrophages as well as adipocytes, stimulate the liver
to synthesize C reactive protein (CRP) and other posi-
tive acute-phase proteins of greatest clinical interest (1).
In healthy subjects, CRP is a trace plasma protein with
a geometric mean of 0.89 mg/1 (2) and is usually lower
than 10.0 mg/1 (1). The levels begin to rise rapidly within
4-6 hr of the onset of signs of infection or tissue in-
jury, duplicating each 8 hr, and normally peaks within
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24-48 hr later. Specially, CRP rises after surgery, bac-
terial infection, acute myocardial infarction, rheumatic
diseases, burns, trauma, and high levels may persist in-
definitely in chronic inflammatory states (1). In addition,
high levels were also observed in patients with depressive
disorder (3).

With the emergence of more sensitive and reliable im-
munoassays, it has been shown that CRP is present at low
levels in the serum of all the clinically healthy individ-
uals (2). When CRP concentration was measured using
an enzyme-linked immunosorbent assay (ELISA) in sera
from healthy blood donors, the values ranged from 0.05
to 57.6 mg/1 (median 1.8 mg/1) (4), and a non-Gaussian
distribution of CRP was demonstrated, with the 2.5th,
50.0th, and 97.5th percentile values of 0.08, 0.64, and
3.11 mg/1, respectively (5).

Currently, the CRP levels can be measured using high-
sensitivity nephelometry (high-sensitivity CRP [hs-CRP])
that improved the quantification with an analytical sen-
sitivity of 0.175 mg/1. Despite the important role of hs-
CRP as a marker of different disease processes, to date,
few studies have presented data regarding the distribution
of serum hs-CRP levels in Brazilian healthy adults (2).
The present study was undertaken to determine the hs-
CRP levels in serum samples from healthy blood donors
from southern Brazil, and to evaluate whether the serum
hs-CRP levels are associated with demographic and an-
thropometric characteristics of the individuals.

The protocol was approved by the institutional Re-
search Ethics Committees of the Londrina State Uni-
versity. A voluntary written consent was obtained from
the 176 blood donors enrolled. None of them exhibited
either clinical symptoms of disease or epidemiological,
clinical, and laboratory criteria for blood donation ex-
clusion according to the government standardization (6).
Age, gender, ethnicity, weight, and blood pressure were
obtained from the blood bank database. The self-reported
ethnicity was stratified as Caucasian and non-Caucasian
(Asiatic, black, and Mullato). Body mass index (BMI)
was calculated as kg/m? and categorized (7) as follows:
<18.5 kg/m? (underweight), 18.5-24.9 kg/m’ (normal
weight), 25.0-29.9 kg/m? (overweight), 30.0-34.9 kg/m?
(obesity class I), 35.0-39.9 kg/m? (obesity class II), and
>40.0 kg/m? (obesity class III). The individuals who
presented at least one altered clinical and/or metabolic
biomarker value that is considered criteria for metabolic
syndrome as defined following the Adult Treatment Panel
III criteria (8), and individuals who were in treatment with
anti-inflammatory drugs or antioxidants were excluded
from the study.

Peripheral blood samples were obtained at 7:00 am
to 10:00 am and the hs-CRP was determined using
the high-sensitive nephelometric method (Nephelome-
ter II™, Dade Behring, Siemens Healthcare Diagnos-
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TABLE 1. Demographic Characteristics and Serum High Sen-
sitive C-reactive Protein (hs-CRP) Levels Obtained on Healthy
Blood Donors from Londrina, Southern Brazil

hs-CRP serum levels (mg/1)

Characteristic n (%) Range Median IQR
Age (years)?
18 -25 33 (18.8) <0.175-48.70  0.56 0.29-1.69
26-30 30(17.0) <0.30—11.50 1.71 1.06-3.13
31-40 56 (31.8) <0.175-24.0 1.36 0.54-2.78
41-50 38(21.6) <0.175-16.3 1.62 0.82-3.07
> 51 19(10.8)  0.24-5.13 1.17 0.80-2.04
Gender®
Female 139 (79.0) <0.175-48.70  1.60 0.76-3.26
Male 37(21.0) <0.175-5.16  0.76 0.44-1.17
Ethnicity®
Caucasian 142 (80.7) <0.175-48.7 1.17 0.59-2.70
Non-Caucasian 34 (19.3) <0.175-24.00 1.35 0.74-2.75
BMI (kg/m?)d
<185 529 <0.175-4.23 0.46  <0.175-3.66
18.5-24.9 97 (56.4) <0.175-48.70 1.07 0.48-2.02
25-29.9 48 (27.9) <0.175-12.30 1.39 0.74-3.02
30.0-34.9 18 (10.5) 0.33-24.0 2.65 1.46-5.22
35-39.9 3(1.7) 2.60-10.10 3.37 2.76-8.45
> 40 1(0.6) 2.60 2.60 2.60-2.60

hs-CRP, high-sensitive C reactive protein was evaluated using nephelo-
metric method; IQR, interquartile range.

2Kruskal-Wallis test, P = 0.0180. The categories of 51-60 and >61
years were evaluated together (n = 19). Dunn’s test, PCR values from
individuals with 18-25 years differed from those individuals with 26-30
and with 41-50 years old.

®Mann-Whitney test, P < 0.0001.

®Non-Caucasian, Asiatic (n = 5, 2.8%), black (n =9, 5.2%) and Mullato
(n =20, 11.3%); Mann—Whitney test, P = 0.5689.

dBMI, body mass index was evaluated in 172 individuals; Kruskal-
Wallis test, P = 0.0005; Dunn’s test, the group with BMI 18.5-24.9
kg/m? differed from those with BMI 30.0-34.9 kg/m?.

tics, Inc., Deerfield, IL), with an analytical sensitivity of
0.175 mg/1 and linearity up to 1,100 mg/1. Samples with
result below the assay sensitivity threshold, which was
registered as < 0.175 mg/1, were converted to 0.17 mg/1
for statistical analysis. The qualitative variables were an-
alyzed by chi-square test or Fisher’s exact test, when
appropriate. The quantitative variables were reported as
minimum (<0.175 mg/1), maximum, mean, standard de-
viation, median, interquartile range (IQR, 25.0th and
75.0th percentile values) and were analyzed using the
Mann—Whitney test, Kruskal-Wallis, and Dunn posttest.
The level of significance was set at P<0.05.

Table 1 summarizes the results. The serum hs-CRP lev-
els were detected in almost all the samples analyzed, rang-
ing from < 0.175 to 48.7 mg/1 (median 1.2 mg/1, IQR
0.6-2.7). Only nine (5.1%) individuals showed levels be-
low the detection limit of 0.175 mg/l. Most of the serum
samples (n =127, 72.2%) presented hs-CRP concentration
<3.0 mg/1. Thirty-one (17.6%) individuals presented hs-
CRP concentration between 3.1 and 10.0 mg/1 and nine



(5.1%) exhibited levels greater than the clinically relevant
threshold of 10.0 mg/I.

The range of hs-CRP levels was very wide in each age
group and showed lower levels among the younger indi-
viduals (18-25 years old) when compared with those with
26-30 and with 41-50 years old (P = 0.0180). The serum
hs-CRP values did not differ among the individuals when
the ethnicity was considered (P = 0.5689). The gender
of individuals showed an association with the serum hs-
CRP levels. Women exhibited substantially higher median
hs-CRP levels compared with men (P < 0.0001).

The BMI of the individuals ranged from 16.5 to 40.2
kg/m? (median 23.9, IQR: 21.6-26.9 kg/m?). The BMI
also presented a strong direct association with serum hs-
CRP levels. Individuals that were included in the obese
category of BMI (>30.0 kg/m?) exhibited higher serum
hs-CRP levels than those with both normal weight (18.5—
24.9 kg/m?) and overweight (25.0-29.9 kg/m?) categories
(P < 0.0005). The individuals with BMI ranging from
18.5 to 24.9 kg/m? differed from those with BMI ranging
from 30.0 to 34.9 kg/m?; and the individuals with BMI
<18.8 kg/m? did not differ from any other group (Dunn
test, P > 0.05). When the participants were stratified into
gender and low (<24.9 kg/m?) and high (>24.9 kg/m?)
BMI groups, the gender difference in hs-CRP levels re-
mained (female with low BMI vs. male with low BMI,
P = 0.0221; female with high BMI vs. male with high
BMI, P =0.0001).

All the individuals enrolled in the study exhibited nor-
mal levels of total cholesterol, HDL, LDL, tryglicerides,
glucose, and did not present the criteria for metabolic
syndrome (data not shown).

The wide range in the serum hs-CRP levels obtained
in the present study is consistent with previous studies
(4,9-11), and may be resulted from the different unde-
tectable stimulus and the genetic heterogeneity of the
inflammatory response among the individuals (11, 12).
In the present study, middle age, female gender, and
high BMI were associated with high serum hs-CRP lev-
els. These results are also consistent with previous stud-
ies in which some host factors, such as age, gender,
race/ethnicity, waist circumference, BMI, leptin, impaired
glucose tolerance, smoking, and physical activity, were sig-
nificantly associated with variations in circulating hs-CRP
levels (11,13-17).

The results underscore that BMI strongly influences hs-
CRP levels and that high BMI tended to exert strong
inflammatory effects in the individuals, finding consistent
with the notion that excess adipose tissue contributes to a
chronic inflammatory state through a range of metabolic
pathways (2, 11, 18). In the present study, the serum hs-
CRP levels were higher in women compared with men de-
spite accounting for BMI and other common confounding
variables. This gender difference was maintained across
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the BMI groups and all the ethnic subgroups. These re-
sults suggest that evaluation of gender-specific hs-CRP
cut points to determine cardiovascular risk should be
considered (19).

In the present study, no association was observed be-
tween race/ethnicity of the individuals and the serum hs-
CRP levels, differing from previous study (15) in which
black subjects exhibited higher hs-CRP levels than white
subjects (median 3.0 vs. 2.3 mg/1; P < 0.001) and women
exhibited higher hs-CRP levels than men (median 3.3 vs.
1.8 mg/1; P < 0.001). Other study also showed that black
individuals exhibited the highest CRP values and the Chi-
nese participants presented the lowest CRP values (17).

In addition to environmental factors that trigger cy-
tokine secretion, individuals may demonstrate consistent
differences in the inflammatory response probably geneti-
cally predetermined (12). The CRP gene is located on the
first chromosome (1q21-q23) and it was demonstrated
that 2.9% of the total variation in circulating CRP lev-
els seems to be explained by haplotypes two among the
eight single nucleotide polymorphisms (SNPs) genotyped
of the CRP gene, conferring different secretion of this
acute phase protein (16).

The present study was restricted to healthy people ac-
cording to the blood donation criteria (6), and those who
were treated with anti-inflammatory drugs or antioxidants
were excluded; however, in addition with the weakness of
the cross-sectional design of this study, data about smok-
ing, physical activity, and hormonal therapy were not ob-
tained and these factors could exert some influence in the
results obtained.

Taken all together, this study underscored that age, gen-
der, and BMI differences also exert effect on the distri-
bution of serum hs-CRP levels among the healthy adult
individuals from southern Brazilian population. The car-
diovascular diseases stand out as the main cause of death
(28.8% among males and 36.9% among females) in the
whole Brazilian population and the southern region re-
ports the highest rates and accounts for 40.0% of deaths
among women (20). Considering the high risk of cardio-
vascular disease in females from southern Brazilian pop-
ulation, the clinical implications of gender differences in
hs-CRP levels require more investigation and long-term
outcome studies in this population are needed to deter-
mine whether these differences in serum hs-CRP levels
could contribute to alter the cardiovascular risk and clini-
cal outcomes, and whether hs-CRP thresholds for cardio-
vascular risk assessment should be adjusted for different
gender and BMI groups on this population.
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