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Abstract

Sex differences exist in the expression of different inflammation-sensitive biomarkers in relation to the metabolic syndrome (MetS).
We have presently explored these differences in relation to commonly used inflammation-sensitive biomarkers including the high-sensitivity
C-reactive protein (hs-CRP), quantitative fibrinogen, erythrocyte sedimentation rate (ESR), white blood cell count (WBCC), and absolute
number of polymorphonuclear leukocytes. This is a cross-sectional analysis of a group of apparently healthy men (n = 5560) and women (n =
3049) in whom the results of the above-mentioned inflammation-sensitive biomarkers were analyzed in relation to the different components
of MetS. The concentration of hs-CRP increased pari passu with the number of components of the MetS, the differences between the sexes
being significant for any number of components of the MetS. Regarding fibrinogen, the influence of sex turned significant for waist only,
similarly to the results of the ESR. None of these interactions were found to be significant for both the WBCC and the absolute number of
polymorphonuclear leukocytes. Quantitative fibrinogen, ESR, WBCC, as well as the absolute number of polymorphonuclear leukocytes are
not sensitive enough to reveal the potential sex differences in relation to the various components of the MetS and the expression of the low-
grade inflammation. High-sensitivity CRP does have the capability to reveal these differences.
© 2008 Elsevier Inc. All rights reserved.
1. Introduction

There is growing evidence to suggest sex differences in
the etiopathogenesis of atherothrombosis [1,2]. The presence
of multiplicity of atherothrombotic risk factors including the
metabolic syndrome (MetS) is a significant contributor to the
evolution of this morbid biological process [3]. Most, if not
all, atherothrombotic risk factors as well as the MetS are
accompanied by a low-grade and subclinical internal
inflammation [4]. Inflammation does impose a worse
prognosis by being part of this detrimental process [5].
Yet, it is not entirely clear what the role of the sex is, if any, in
the existence of this above-mentioned inflammatory process.
Exploring this issue became relevant once it was shown that
⁎ Corresponding author. Department of Medicine “D”, Tel Aviv Sourasky
Medical Center, 64239 Tel Aviv, Israel. Tel.: +972 3 6974254; fax: +972 3
6973635.

E-mail address: shapiraiz@tasmc.health.gov.il (S. Berliner).

0026-0495/$ – see front matter © 2008 Elsevier Inc. All rights reserved.
doi:10.1016/j.metabol.2008.04.015
therapeutic manipulation might have an impact on the course
of the disease [6-8].

We have presently taken advantage of the possibility to
evaluate a relatively large and well-characterized group of
apparently healthy individuals and those with atherothrom-
botic risk factors including the MetS. This exploration that
included commonly used inflammation-sensitive biomarkers
enables us to define those who seem to be used as appro-
priate candidates to reveal the above-mentioned sex
differences in the complex interrelations that exist between
relevant risk factors, low-grade inflammation, and the
potential pathogenetic pathways of atherothrombosis.
2. Methods

2.1. Subjects

We have presently analyzed data that have been collected
during the last 5 years at the Tel Aviv Medical Center
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Table 1
Relevant anthropometric, biochemical, and clinical data in the study
population for both women and men

Characteristic Men
(n = 5560)

Women
(n = 3049)

P

Systolic BP (mm Hg) 125.0 (14.6) 117.4 (15.4) b.001
Diastolic BP (mm Hg) 78.0 (7.9) 73.8 (7.8) b.001
BMI (kg/m2) 26.9 (3.7) 25.4 (4.7) b.001
Waist (cm) 95.7 (10.5) 82.4 (11.5) b.001
Total cholesterol (mg/dL) 199.2 (37.9) 205.0 (38.3) b.001
LDL cholesterol (mg/dL) 122.4 (32.3) 120.1 (33.2) .003
HDL cholesterol (mg/dL) 50.5 (10.3) 64.5 (14.9) b.001
Triglycerides (mg/dL) 132.5 (85.7) 103.1 (56.3) b.001
Glucose (mg/dL) 95.2 (18.5) 90.9 (17.5) b.001
Alcohol consumption (glass/wk) 1.3 (2.3) 0.6 (1.4) b.001
Sport intensity (h/wk) 2.4 (3.0) 1.9 (2.9) b.001
Education (y) 15.4 (2.9) 15.1 (3.0) b.001
Smoking status, n (%) b.001
Current 924 (16.6) 592 (19.4)
Former 1494 (26.9) 603 (19.8)
Never 3142 (56.5) 1854 (60.8)

Family Hx of CHD, n (%) 858 (15.4) 578 (19.0) b.001
Hypertension, n (%) 1384 (24.9) 488 (16.0) b.001
Dyslipidemia, n (%) 1943 (34.9) 750 (24.6) b.001
Diabetes mellitus, n (%) 284 (5.1) 112 (3.7) .002
Atherothrombotic event, n (%) 247 (4.4) 93 (3.1) .002

Data are arithmetic mean (SD) or n (%). BP indicates blood pressure; LDL,
low-density lipoprotein; Hx, history.
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Inflammation Survey, a registered data bank of the Israeli
Ministry of Justice [9-14]. This is a relatively large cohort of
individuals who attended our medical center for a routine
annual checkup and gave their written informed consent for
participation according to the instruction of the local ethics
committee. A total of 10851 subjects gave their informed
consent (male, 6821; female, 4030). A systematic examina-
tion ruled out enrollment bias due to sociodemographic or
biomedical variables. Later, 1986 subjects were excluded
from the analysis because of known inflammatory diseases
(arthritis, inflammatory bowel disease, psoriasis, etc),
pregnancy, steroidal or nonsteroidal treatment (except for
aspirin at a dose of ≤325 mg per day), acute infection, or
Table 2
Estimated marginal mean (95% confidence interval [CI]) of hs-CRP according to s
between the sex and the presence of that component

hs-CRP Men Women P for Se

Waist Low 3.2 (2.9-3.6) 2.7 (2.5-3.0) .1975
High 4.9 (4.4-5.5) 6.1 (5.5-6.9)

Hypertension No 3.9 (3.5-4.4) 3.5 (3.2-3.9) .5977
Yes 4.1 (3.7-4.6) 4.5 (4.0-5.0)

Triglycerides Low 3.5 (3.1-3.9) 3.2 (2.9-3.5) .6591
High 4.4 (4.0-5.0) 5.0 (4.4-5.6)

HDL cholesterol High 3.4 (3.1-3.8) 3.2 (2.9-3.5) .9633
Low 4.5 (4.0-5.1) 4.9 (4.3-5.5)

Glucose Low 3.8 (3.4-4.3) 3.5 (3.2-3.9) .4643
High 4.1 (3.7-4.6) 4.7 (4.2-5.4)

MetS No 2.6 (2.3-2.9) 2.3 (2.0-2.5) .0004
Yes 4.3 (3.8-4.8) 6.2 (5.4-7.1)

Means are adjusted for age; smoking status; family history of CHD; personal histor
aspirin, statins, hormonal replacement therapy, or oral contraceptives for women.
invasive procedures (surgery, catheterization, etc) during the
last 6 months. An additional 158 subjects were further
excluded for having missing high-sensitivity C-reactive
protein (hs-CRP) values; and finally, to avoid individuals
with occult infection and/or severe inflammation, we
excluded 98 individuals with hs-CRP ≥20 mg/L. After
these exclusions, the study group comprised 8609 indivi-
duals (male, 5560; female, 3049).

2.2. Definition of atherothrombotic risk factors

Results of the routine health checkup were assessed using
certain definitions to recognize atherothrombotic risk factors
in individuals. These included diabetes mellitus, which
was defined as an individual displaying blood glucose of
≥126 mg/dL fasting or the intake of insulin or oral hypo-
glycemic medications. Hypertension was defined as display-
ing blood pressure of ≥140/90 mm Hg in 2 separate
measurements or the intake of antihypertensive medications.
Dyslipidemia was defined as the low-density lipoprotein or
non–high-density lipoprotein (HDL) cholesterol concentra-
tions, for individuals displaying elevated triglyceride con-
centrations of ≥200 mg/dL, above the recommended levels
according to the risk profile defined by the updated Adult
Treatment Panel III recommendations [15] or the intake of
lipid-lowering medications. The diagnosis of the MetS was
based on the National Cholesterol Education Program Adult
Treatment Panel III criteria [16] with the modified impaired
fasting glucose criteria of the American Diabetes Association
[17] as proposed by the updated American Heart Association/
National Heart, Lung, and Blood Institute scientific statement
[18]. Smokers were defined as individuals who smoked at
least 5 cigarettes per day, whereas past smokers had quit
smoking for at least 30 days before examination.

2.3. Laboratory methods

Analysis of the white blood cell count (WBCC) and its
differential was performed using the Coulter STKS (Beck-
man Coulter, Nyon, Switzerland) electronic cell analyzer;
ex and the presence of each component of the MetS as well as the interaction

x P for parameter P for interaction between sex and parameter

b.0001 b.0001

b.0001 b.0001

b.0001 .0003

b.0001 .0156

b.0001 .0001
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erythrocyte sedimentation rate (ESR), by the Westergren
method [19]. Fibrinogen was quantified by the method of
Clauss [20] and a Sysmex 6000 (Sysmex, Hyaga, Japan)
autoanalyzer, whereas the hs-CRP was measured using a
Behring BN II Nephelometer (DADE Behring, Marburg,
Germany) [21].

2.4. Statistical analysis

All data were summarized and displayed as mean (SD) for
the continuous variables and as number of patients (percen-
tage) in each group for categorical variables.

Because hs-CRP concentrations displayed irregular dis-
tribution, we used a logarithmic transformation that
converted the distribution to normal one for all statistical
procedures. Therefore, all results of hs-CRP concentrations
are expressed as back-transformed geometrical mean and
SD. The 1-way Kolmogorov-Smirnov test was used to assess
the distributions.

For all categorical variables, the χ2 statistics was used for
assessing the statistical significance between the 2 sexes,
whereas the independent Student t test was used for continuous
variables. To evaluate the contribution of sex and each
component of the MetS to the variability of each inflamma-
tion-sensitive biomarker, we used 2-way analysis of variance
with the inflammation-sensitive biomarker as the dependent
variable and each component of MetS plus sex as well as the
interaction between them as the independent variables, with
adjustment to the presence of each of the other 4 components
ofMetS and, in addition, age; smoking status; family history of
coronary heart disease (CHD); personal history of athero-
thrombotic event; sport intensity; alcohol consumption; and
use of aspirin, statins, hormonal replacement therapy, or oral
contraceptives for women. The same analysiswas done just for
hs-CRP and the number of components of theMetS. All above
analyses were considered significant at P b .05 (2-tailed). The
SPSS statistical package was used to perform all statistical
evaluations (SSPS, Chicago, IL).
3. Results

We have presently analyzed a total of 5560 men and 3049
women at the respective mean (SD) age of 44.5 (11.2) and
45.3 (10.4) years. Relevant anthropometric information
Table 3
Estimated marginal mean (95% CI) of hs-CRP according to sex and number of co

hs-CRP Men Women P for sex P for

No. of components of MetS 0 2.0 (1.8-2.2) 1.7 (1.5-1.8) b.0001 b.000
1 2.5 (2.3-2.8) 2.4 (2.2-2.7)
2 3.3 (2.9-3.7) 4.2 (3.7-4.7)
3 4.0 (3.5-4.5) 5.8 (5.0-6.7)
4 5.0 (4.3-5.9) 7.1 (5.8-8.7)
5 6.7 (5.0-8.9) 8.5 (6.0-12.0)

Means are adjusted for age; smoking status; family history of CHD; personal histor
aspirin, statins, hormonal replacement therapy, or oral contraceptives for women.
F
a

including risk factor, biochemical information, and history of
past atherothrombotic events are given in Table 1. It can be
seen that men had a worse biological profile in terms of a
higher blood pressure and a worse lipid profile and glucose
concentration; were more obese; and had more atherothrom-
botic risk factors including hypertension, dyslipidemia,
diabetes mellitus, as well as a history of a past athero-
thrombotic event. On the contrary, they had an increased
consumption of alcohol, were engaged in more sport
activities, and had a less prominent familial history of CHD.

The individual components of the MetS as well as the
concentration of hs-CRP are reported in Table 2. Reported as
well is the interaction between the sex and the relevant
parameter. This interaction turned to be significant for all of
them including the MetS itself. In addition, it is clear that the
concentration of hs-CRP is related to the number of the
components of the MetS (Table 3 and Fig. 1), the difference
between men and women being significant regarding any
number of components that was taken into consideration.
This situation turned different for fibrinogen, where the
influence of sex turned significant only for waist (Table 4
and Fig. 2). As expected, the results of the ESR were similar
to those obtained for fibrinogen (Table 5). None of these
interactions were found to be significant for both the WBCC
(Table 6) and the absolute number of polymorphonuclear
leukocytes (data not shown). To further evaluate those
mponents of the MetS

no. of components P for interaction between sex and no. of components

1 b.0001

y of atherothrombotic event; sport intensity; alcohol consumption; and use of



Table 4
Estimated marginal mean (95% CI) of fibrinogen according to sex and presence of each component of the MetS

Fibrinogen Men Women P for sex P for parameter P for interaction between sex and parameter

Waist Low 298 (292-305) 317 (311-323) b.0001 b.0001 .0049
High 313 (307-320) 340 (333-346)

Hypertension No 306 (300-313) 326 (320-332) b.0001 .2504 .2275
Yes 306 (300-312) 329 (323-336)

Triglycerides Low 306 (300-312) 327 (321-333) b.0001 .7403 .2660
High 307 (301-314) 325 (318-332)

HDL cholesterol High 303 (297-309) 323 (317-329) b.0001 b.0001 .6274
Low 309 (302-316) 331 (324-339)

Glucose Low 306 (300-312) 327 (321-332) b.0001 .9992 .7768
High 306 (300-313) 326 (319-334)

MetS No 296 (290-302) 317 (312-323) b.0001 b.0001 .1183
Yes 306 (300-313) 333 (326-341)

Means are adjusted for age; smoking status; family history of CHD; personal history of atherothrombotic event; sport intensity; alcohol consumption; and use of
aspirin, statins, hormonal replacement therapy, or oral contraceptives for women.
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findings, we reanalyzed the results for hs-CRP after dividing
our cohort into 5 groups of decades of age (20-29, 30-39, 40-
49, 50-59, and 60-69) and 3 groups of commonly used body
mass indexes (BMIs) (normal weight [BMI ≤ 25 kg/m2],
overweight [25 b BMI ≤ 30 kg/m2], and obese [BMI N 30
kg/m2]) and found similar results for most of those divisions
(data not shown).
4. Discussion

This is the first study to explore in detail the potential
interactions between sex and commonly used inflammation-
sensitive biomarkers in a cohort of well-defined apparently
healthy individuals and those with atherothrombotic risk
factors. The inflammation-sensitive biomarkers were chosen
because of both their usefulness in daily practice as well as
the established relevance to atherothrombosis; and this is true
for hs-CRP [22], quantitative fibrinogen [23], ESR [24], as
well as the WBCC [25]. The main finding of the study is that,
from all the above-mentioned relevant inflammation-sensi-
Fig. 2. Estimated marginal mean (and 95% CI) of fibrinogen according to
sex and the waist status by the MetS definition.
tive biomarkers, only the hs-CRP could reveal clear and
significant interactions between sex and each of the
individual components of the MetS as well as the MetS itself.

The association between the MetS and low-grade
inflammation has been repeatedly shown in the past.
However, conflicting information exists as to whether there
exists a difference between the sexes in relation to this
accompanying acute phase response. In fact, the prevalence
of the MetS was reported to be higher among women
compared with men in one sectional survey in China [26]. In
addition, CRP levels have also been reported to differ by sex
[27-31]. Moreover, existing evidence also suggests that CRP
might be more strongly correlated with MetS in women than
in men [28,32-34].

The main contribution of the present study is that it shows
that, although relevant in terms of the etiopathogenesis of
atherothrombosis, quantitative fibrinogen, ESR, WBCC, as
well as the absolute number of polymorphonuclear leuko-
cytes are not sensitive enough to reveal the potential sex
differences in relation to the various components of the MetS
and the expression of the low-grade inflammation. This
inflammation has been repeatedly shown to be deleterious in
these conditions; and this is true for waist [35], hypertension
[36], hyperlipidemia [37], as well as insulin resistance and
prediabetic glucose concentrations [38]. Thus, we could
show that only hs-CRP was sensitive enough to reveal these
sex-related effects.

Sex differences in atherothrombosis became relevant
once it was shown that they might influence both the course
of the clinical events as well as their management. These
differences that were presently shown, as well as those
reported in the literature [6-8,39,40], suggest that women
might react in a different way to the presence of the relevant
factor. In fact, it is possible that women are more prone to
respond with a low-grade inflammatory process and thus
might be candidates for a potentially more aggressive
therapeutic approach.

Finally, the potential mechanisms that could explain, at
least in part, the differences between the sexes are only



Table 6
Estimated marginal mean (95% CI) of WBC according to sex and presence of each component of the MetS

WBC Men Women P for sex P for parameter P for interaction between sex and parameter

Waist Low 7.7 (7.6-7.9) 7.7 (7.5-7.9) .0898 b.0001 .2232
High 8.1 (7.9-8.3) 8.0 (7.8-8.2)

Hypertension No 7.8 (7.6-8.0) 7.7 (7.6-7.9) .1633 b.0001 .6231
Yes 8.1 (7.9-8.2) 8.0 (7.8-8.2)

Triglycerides Low 7.7 (7.5-7.9) 7.6 (7.5-7.8) .3044 b.0001 .9503
High 8.2 (8.0-8.4) 8.1 (7.9-8.3)

HDL cholesterol High 7.8 (7.6-8.0) 7.7 (7.6-7.9) .4668 b.0001 .6901
Low 8.0 (7.8-8.3) 8.0 (7.8-8.2)

Glucose Low 7.9 (7.7-8.1) 7.9 (7.7-8.0) .2164 .5584 .7575
High 7.9 (7.8-8.1) 7.9 (7.7-8.1)

MetS No 7.5 (7.4-7.7) 7.4 (7.2-7.6) .2006 b.0001 .1919
Yes 8.2 (8.0-8.4) 8.2 (7.9-8.4)

Means are adjusted for age; smoking status; family history of CHD; personal history of atherothrombotic event; sport intensity; alcohol consumption; and use of
aspirin, statins, hormonal replacement therapy, or oral contraceptives for women.

Table 5
Estimated marginal mean (95% CI) of ESR according to sex and presence of each component of the MetS

ESR Men Women P for sex P for parameter P for interaction between sex and parameter

Waist Low 11 (10-12) 19 (18-20) b.0001 b.0001 .0011
High 12 (11-13) 21 (20-22)

Hypertension No 11 (10-12) 20 (19-21) b.0001 .8947 .2612
Yes 11 (10-12) 20 (19-21)

Triglycerides Low 11 (10-12) 19 (18-20) b.0001 b.0001 .2492
High 12 (11-13) 21 (20-22)

HDL cholesterol High 11 (10-12) 19 (18-20) b.0001 b.0001 .0239
Low 12 (10-13) 21 (20-22)

Glucose Low 11 (10-12) 20 (19-20) b.0001 .3732 .9162
High 11 (10-12) 20 (19-21)

MetS No 10 (9-11) 18 (17-19) b.0001 b.0001 .0533
Yes 11 (10-12) 21 (20-22)

Means are adjusted for age; smoking status; family history of CHD; personal history of atherothrombotic event; sport intensity; alcohol consumption; and use of
aspirin, statins, hormonal replacement therapy, or oral contraceptives for women.
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partially understood [41]. Relevant for the higher concentra-
tion of CRP in women might be the higher concentration of
estrogen in women [42]. The present study does therefore
contribute to those studies that explore sex-related inflam-
matory changes. In fact, it clearly reveals that changes may
exist in the possibility of certain inflammation-sensitive
biomarkers to detect the presence of microinflammatory
changes between the sexes in the context of the MetS.

Based on the results of the present study, we conclude that
quantitative fibrinogen, ESR, WBCC, as well as the absolute
number of polymorphonuclear leukocytes are not sensitive
enough to reveal the potential sex differences in relation to
the various components of MetS and the expression of low-
grade inflammation. High-sensitivity CRP does have the
capability to reveal these differences.
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