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Increased cardiovascular risk markers in obesity are associated
with body adiposity: Role of leptin
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Summary
Epidemiological studies have shown that obesity is associated
with increased blood concentrations of proinflammatory fac-
tors and markers of endothelial dysfunction such as fibrinogen,
C-reactive protein (CRP), and vonWillebrand factor (vWF).We
analyzed the association of these markers with percentage of
body fat (BF), and the influence of leptin in a cross-sectional
study of 1,089 subjects (366 men) aged 44 (34–53) [median (in-
terquartile range)] years, who were classified as obese or non-
obese according to BF estimated by whole-body air displace-
ment plethysmography.Obesity was defined as BF ≥ 25% in men
and ≥ 35% in women.Compared with non-obese subjects (mean
± SD), obese patients had higher concentrations of fibrinogen
(312 ± 78 vs.342 ± 81 mg/dl,P < 0.001),CRP (0.41 ± 0.75 vs.0.75
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± 1.04 mg/l,P = 0.014), vWF (107 ± 29 vs.123 ± 55%,P < 0.001),
and leptin (10.4 ± 6.5 vs. 37.5 ± 26.1 ng/ml, P < 0.0001). A posi-
tive correlation was observed between BF and fibrinogen (r =
0.266; P < 0.0001), logCRP (r = 0.409; P < 0.0001), and vWF (r
= 206; P < 0.0001). Leptin was correlated with fibrinogen (r =
0.219, P < 0.0001), logCRP (r = 0.339, P < 0.0001), and vWF (r
= 0.124, P = 0.002), but the statistical significance was lost after
including BF in adjusted-correlation and multivariate analysis,
suggesting that they are not regulated by leptin per se. In conclu-
sion, the obesity-associated increase in the circulating concen-
trations of fibrinogen, CRP, and vWF is highly associated to BF
and apparently not determined by leptin.
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Introduction
The prevalence of obesity is increasing dramatically worldwide
(1, 2). Obesity is an independent risk factor for cardiovascular
disease (CVD) development being associated with increased
morbidity and mortality. Obesity is defined medically as a state
of increased adipose tissue mass of sufficient magnitude to pro-
duce adverse health consequences. A great effort has been made
during the last years to elucidate how excess adiposity leads to
CVD (1, 2).

In the past decade, it has become increasingly evident that
adipose tissue represents an important determinant of a chronic,
low-grade inflammatory state. In this sense, obesity is associated
with an increase in circulating inflammatory markers, including

fibrinogen, C-reactive protein (CRP), and von Willebrand factor
(vWF), among others (1, 3–5). In addition, excess adiposity is
accompanied by a clustering of metabolic alterations that can
lead to CVD. The pathophysiological relevance of adipocyte-
derived factors resides in the participation of these molecules
beyond body weight balance in vascular homeostasis through ef-
fects on blood pressure, fibrinolysis, coagulation, angiogenesis,
and immunity, among others. Adipokines have been shown to be
implicated either directly or indirectly in the regulation of several
processes that regulate the development of inflammation, athe-
rogenesis, hypertension, insulin resistance and vascular remod-
elling (5). In this sense, leptin has been shown to play a role in in-
flammation (6) and has been suggested to be involved in CVD
(7). However, it is difficult to discriminate whether the involve-
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ment of leptin in CVD is due to leptin itself (hyperleptinaemia)
or to obesity-related leptin resistance (8–10).

In the present study, we assessed the relationship between
adiposity and well-known cardiovascular risk factors, which are
classical biomarkers of inflammation, thrombosis, and endothe-
lial dysfunction associated with adverse cardiovascular out-
comes. In addition, in order to assess whether the association be-
tween fibrinogen, CRP, and vWF, and body fat is influenced by
leptin, we also investigated the relationship of these markers
with the mentioned adipokine.

Patients and methods
Patient selection and characteristics
We conducted a cross-sectional analysis of 1,089 volunteers
(366 males/723 females), aged 18 to75 years and free of known
cardiovascular disease. Participants in the study were recruited
from healthy volunteers and patients attending the Endocrinol-
ogy and Surgery Departments at the University Clinic of Navar-
ra for weight loss. The experimental design was approved, from
an ethical and scientific standpoint, by the Hospital's Ethical
Committee responsible for research, and informed consent was
obtained from all subjects.

Anthropometric measurements
Body weight was measured with a digital scale to the nearest 0.1
kg, and height was determined to the nearest 0.1 cm with a Hol-
tain stadiometer (Holtain Ltd., Crymych, UK). Body mass index

(BMI) was calculated as weight in kg divided by the square of
height in meters. Body fat percentage (BF) was estimated by air-
displacement-plethysmography (Bod-Pod®, Life Measure-
ments, Concord, CA, USA) (11). Obesity was defined as BF
≥ 25% in men and ≥ 35% in women (12). Blood pressure was
measured after a five-minute rest in the semi-sitting position
with a sphygmomanometer. Blood pressure was determined at
least three times at the right upper arm, and the mean was used in
the analyses.

Blood analyses
Blood was obtained by venipuncture after an overnight fast.
Serum glucose was analyzed by an automated analyzer (Roche/
Hitachi Modular P800), with quantification being based on
enzymatic colorimetric reactions. Serum insulin was measured
by means of an enzymeamplified chemiluminescence assay (Im-
mulite®, Diagnostic Products Corp., Los Angeles, CA, USA).
The homeostasis model assessment (HOMA) score of insulin
sensitivity was calculated with the formula: fasting serum insu-
lin (µU/ml) x fasting plasma glucose (mM)/22.5 (13). Total cho-
lesterol and triglyceride concentrations were determined by
enzymatic spectrophotometric methods (Roche, Basel, Switzer-
land). HDL cholesterol was quantified by a colorimetric method
in a Beckman Synchron® CX analyzer (Beckman Instruments,
Ltd., Bucks, UK). LDL cholesterol was calculated by the Frie-
dewald formula. Uric acid was measured by an enzymatic test
(Roche) in an automated analyzer (Roche/Hitachi Modular
P800).

Fibrinogen concentrations were determined according to the
method of Clauss using a commercially available kit (Hemo-
liance®, Instrumentation Laboratory, Barcelona, Spain). High-
sensitivity CRP was measured using the Tina-quant® CRP
(Latex) ultrasensitive assay (Roche). Measurement of vWF
antigen was performed by a micro-latex immunoassay (Diagnos-
tica Stago, Inc., Parsippany, NJ, USA).A standard curve was pre-
pared with a universal reference (NISBC 91/666) and the results
were expressed as percentage of the standard. Intra- and inter-
assay coefficients of variation were 4.0% and 8.0%, respectively.
Leptin was measured by a double-antibody RIA method (Linco
Research Inc., St. Charles, MO, USA). Intra- and inter-assay co-
efficients of variation were 5.0% and 4.5%, respectively.

Statistical analyses
Data are presented as mean ± standard deviation (SD) except for
age, leptin and CRP, which are presented as median (interquartile
range). Sex distribution between the non-obese and obese groups
were assessed with the use of Chi2-analysis. Differences between
groups were analysed by two-tailed unpaired Student’s t-tests.
Leptin and CRP concentrations were logarithmically transform-
ed because of their non-normal distribution. We used crude and
partial Pearson’s correlation coefficients to test the statistical re-
lations between variables. Direct multivariate linear regression
analyses were conducted for the dependent variables fibrinogen,
CRP, and vWF, including the parameters which showed a signifi-
cant correlation with these markers as independent variables.
The calculations were performed using the SPSS version 11.0
statistical package (SPSS, Chicago, IL, USA). A P value lower
than 0.05 was considered statistically significant.
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Table 1: Characteristics of non-obese and obese patients.

Non-obese
(n = 122)

Obese
(n = 967)

P value

SBP (mm Hg) 107 ± 12 121 ± 17 <0.0001

DBP (mm Hg) 66 ± 8 74 ± 11 <0.001

Glucose (mg/dl) 89 ± 16 98 ± 25 <0.001

Insulin (µU/ml) 6.8 ± 3.8 14.7 ± 11.1 <0.0001

HOMA index 1.52 ± 0.91 3.64 ± 3.21 <0.0001

Triglycerides (mg/dl) 91 ± 51 123 ± 80 <0.0001

Cholesterol (mg/dl) 167 ± 37 192 ± 43 <0.0001

LDL cholesterol (mg/dl) 101 ± 31 124 ± 37 <0.0001

HDL cholesterol (mg/dl) 47 ± 12 44 ± 12 0.002

Uric acid (mg/dl) 4.5 ± 1.3 5.3 ± 1.5 <0.0001

Leptin (ng/ml) 8.3 (6.0–14.3) 30.5 (18.9–49.0) <0.0001

Fibrinogen (mg/dl) 312 ± 78 342 ± 81 <0.001

C-reactive protein (mg/l) 0.17 (0.08–0.48) 0.50 (0.20–0.90) 0.014

von Willebrand factor (%) 107 ± 29 123 ± 55 <0.001

Data presented as mean ± SD, except for age, leptin and CRP [median (interquartile range)]. Obe-
sity was defined as BF ≥ 25% in men and ≥ 35% in women. P, non-obese vs. obese by unpaired Stu-
dent’s t tests (except differences in gender distribution which was analyzed by Chi2-analysis). BMI:
body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HOMA: homeostasis
model assessment.

Sex (male/female) 45/77 321/646 0.417

Age (years) 40 (30–51) 45 (35–54) 0.017

Weight (kg) 74.2 ± 13.0 102.4 ± 23.8 <0.0001

BMI (kg/m2) 26.6 ± 3.1 37.4 ± 7.5 <0.0001

Body fat (%) 26.2 ± 6.6 45.3 ± 8.1 <0.0001
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Results
Table 1 summarises the clinical characteristics of the study par-
ticipants classified on the basis of BF. No differences (P = 0.417)
in sex distribution between the non-obese and obese groups were
observed. Body fat percentage was 73% higher in the obese
group. As expected, a gender dimorphism in BF in the whole
sample was observed (males vs. females, 37.0 ± 0.5 vs. 46.3 ±
0.3%; P < 0.0001). Obese patients showed higher systolic and
diastolic blood pressures, increased glycaemia and insulinaemia,
and higher concentrations of triglycerides, total and LDL choles-
terol and uric acid, as well as decreased HDL cholesterol levels.
Obese subjects also showed significantly increased concen-
trations of fibrinogen (P < 0.001), CRP (P = 0.014) and vWF (P
< 0.001).

As expected, obese subjects had significantly higher circulat-
ing concentrations of leptin. Leptin levels showed a close associ-
ation with BF (Fig. 1), being higher in women than in men (males
vs. females, 23.9 ± 1.1 vs. 40.1 ± 1.2 ng/ml; P < 0.0001), which
correlates with the gender dimorphism observed in BF. Logarith-
mically transformed leptin showed a stronger correlation with
BF in the whole sample (r = 0.738, P < 0.0001), or separately
analysing men (r = 0.750, P < 0.0001) or women (r = 0.668, P <
0.0001).

Body fat was strongly correlated (P < 0.0001) with fibri-
nogen, CRP and vWF as illustrated inTable 2 and Figure 2. Fibri-
nogen concentrations were also significantly associated with sex
(male=1; female=2), BMI, HOMA and leptin, showing a border-
line relation with waist circumference (r = 0.084, P = 0.074).The
logarithmic values of CRP were significantly associated with
BMI, waist circumference, HOMA, triglycerides, total and HDL
cholesterol, uric acid, as well as leptin, showing a borderline re-
lation with WHR (r = 0.099, P = 0.091). vWF concentrations
were significantly associated with age, BMI, waist circumfer-
ence, HOMA, total cholesterol, uric acid, and leptin, showing a
borderline relation with HDL cholesterol (r = 0.069, P = 0.081).

As mentioned above, logleptin was strongly related to fibri-
nogen (r = 0.219, P < 0.0001), logCRP (r = 0.339, P < 0.0001),
and vWF (r = 0.124, P = 0.002) [men: fibrinogen (r = 0.290, P <
0.0001), logCRP (r = 0.313, P < 0.0001), and vWF (r = 0.123, P
= 0.073); women: fibrinogen (r = 0.129, P = 0.003), logCRP (r =
0.383, P < 0.0001), and vWF (r = 0.124, P = 0.014)]. However,
after stratification for obesity the logleptin association with
logCRP and vWF was lost in the non-obese group [non-obese:
fibrinogen (r = 0.306, P = 0.005), logCRP (r = –0.117, P =
0.462), and vWF (r = –0.227, P = 0.126); obese: fibrinogen (r =
0.159, P < 0.0001), logCRP (r = 0.318, P < 0.0001), and vWF (r
= 0.109, P = 0.010)]. Given the fact that leptin is highly cor-
related to BF (Fig. 1), we carried out the same correlation analy-
sis adjusting for BF in order to discard that the observed associ-
ations with leptin were not merely reflecting the correlation be-
tween the cardiovascular risk factors studied and adiposity. We
found that the statistical significance was lost in partial cor-
relation analyses after adjusting for BF [fibrinogen (r = 0.035, P
= 0.327), logCRP (r = 0.061, P = 0.149), and vWF (r = –0.043,
P = 0.294)]. In order to better characterise the relationships be-
tween leptin and the cardiovascular risk factors studied, and to
find out which variables better predict them, we performed

multivariate linear regression analyses. Since both BMI and BF
are indicators of total body fat amount, we only included BF in
the multivariate analysis, given the fact that two of the three de-
pendent variables were more related to BF than to BMI and that
BF is a better indicator of obesity (14). BF was a significant in-
dependent determinant of fibrinogen concentrations while
HOMA had a marginal influence. However, the model only ex-
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Figure 1: Scatter diagram showing the highly significant posi-
tive correlations found between body fat percentage and the
circulating concentrations of leptin. Pearson’s correlation coef-
ficient and P value are indicated. The black circles represent men and the
grey symbols women.

Table 2: Pearson correlation coefficients between anthropo-
metric and biochemical variables, and fibrinogen, CRP, and
vWF in the total sample of non-obese and obese subjects.

Fibrinogen logCRP vWF

r P r P r P

Sex 0.151 *** 0.000 NS 0.035 NS

Age 0.046 NS –0.054 NS 0.278 ***

Body fat % 0.266 *** 0.409 *** 0.206 ***

BMI 0.161 *** 0.480 *** 0.194 ***

Waist 0.084 NS 0.416 *** 0.139 *

WHR –0.069 NS 0.099 NS 0.025 NS

HOMA 0.098 ** 0.236 *** 0.164 ***

Triglycerides –0.011 NS 0.109 ** 0.032 NS

Cholesterol 0.016 NS 0.116 ** 0.099 *

HDL cholesterol 0.113 NS –0.157 *** 0.069 NS

Uric acid 0.002 NS 0.225 *** 0.127 **

logLeptin 0.219 *** 0.339 *** 0.124 **

CRP: C-reactive protein; vWF: von Willebrand factor; BMI: body mass index; WHR: waist to hip
ratio; HOMA: homeostasis model assessment. For correlation with sex: male=1; female=2. NS, non
significant; * P <0.05, ** P <0.01, *** P <0.001
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plained 8% of the variability of fibrinogen levels. The only sig-
nificant independent determinant of CRP was BF, explaining
24% of its levels. Age and BF were significant independent de-
terminants of vWF concentrations, while uric acid levels had a
borderline influence ( β= 0.136, P = 0.055) (Table 3). Age was
the factor with more influence in the model with this latter ex-
plaining 14% of variability. In none of the models, leptin emerg-
ed as a significant predictor of the dependent variable analysed.

Discussion
Fibrinogen, CRP, and vWF, well known markers of inflammation
and endothelial damage/dysfunction (15), were increased in the
obese patients included in our study, which is in agreement with
previous studies (1, 3, 16–18). A positive association was found
between these markers and BF, which in the case of fibrinogen
and vWF was higher than the correlation observed with BMI
(17, 19). Despite its wide use, BMI does not provide an accurate
measure of body composition (14). In this context, more precise
indicators need to be incorporated in the clinical diagnosis of
obesity in order to better estimate the cardiovascular-related risk
(20).

Although our study describes a marked correlation of fibri-
nogen, CRP, and vWF with BF, since it is a cross-sectional ob-
servation it does not provide insight into the nature of this associ-
ation. A plausible underlying mechanism explaining the cor-
relation between BF and CVD markers depends on the secretory
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Figure 2: Scatter diagrams showing the highly significant posi-
tive correlations found between body fat percentage and the
circulating concentrations of fibrinogen (A), logC-reactive pro-
tein (B), and von Willebrand factor (C). Pearson’s correlation coef-
ficients and P values are indicated. The black circles represent men and
the grey symbols women. After stratification by sex, men: fibrinogen (r =
0.341, P < 0.0001), logCRP (r = 0.378, P < 0.0001), and vWF (r = 0.178,
P = 0.005); women: fibrinogen (r = 0.159, P < 0.0001), logCRP (r =
0.508, P < 0.0001), and vWF (r = 0.239, P < 0.0001).

A)

B)

C)

Table 3: Multiple regression analysis with fibrinogen, logCRP,
and vWF as dependent variables.

Fibrinogen logCRP vWF

r2 = 0.076
(P < 0.0001)

r2 = 0.237
(P < 0.0001)

r2 = 0.140
(P < 0.0001)

β P β P β P

Sex 0.061 0.134

Age 0.271 <0.0001

Body Fat % 0.201 <0.001 0.308 <0.001 0.258 0.004

Waist 0.134 0.124 –0.117 0.197

HOMA 0.061 0.108 0.059 0.361 0.121 0.074

Triglycerides –0.006 0.928

Cholesterol 0.031 0.638 –0.052 0.404

HDL cholesterol –0.093 0.151

Uric acid 0.089 0.172 0.136 0.055

logLeptin 0.036 0.494 0.013 0.872 –0.032 0.713

CRP: C-reactive protein; vWF: von Willebrand factor; HOMA: homeostasis model assessment.

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-02 | ID: 1000323023 | IP: 159.237.12.82



Gómez-Ambrosi et al. Body fat and inflammatory markers

nature of adipose tissue, whereby the secreted adipokines may
induce the production of these factors in the liver (fibrinogen and
CRP) and/or the endothelium (vWF). In this sense, although the
markers analysed were significantly correlated with leptin con-
centrations, the statistical significance was lost after adjusting
for BF, suggesting that they are not regulated by leptin per se.
The lack of association of leptin and fibrinogen after adjusting
for BF is in agreement with other authors (8, 21, 22). Previous
studies analysing the relationship between leptin and CRP are
controversial (23). Our group (18, 24) and others (25) have pre-
viously described that the positive correlation between leptin and
CRP is biased by BF. However, other authors have reported that
this correlation is still detected after adjusting for BMI (26, 27)
or that exogenous leptin administration has no effect in humans
(23, 28) or slightly increases CRP (29, 30). Contrarily, further
authors describe an inverse correlation between leptin and CRP
in tuberculosis or rheumatoid arthritis patients (31, 32). In the
present study, CRP was highly correlated with leptin, but the sig-
nificance was lost after adjusting for BF, indicating that CRP le-
vels are not determined by leptin. However, our data are in con-
trast to those reported recently by another group (33) who has
suggested that the association between leptin and CRP is not in-
fluenced by BMI. The fact that they studied older people than
those included in our study [76 (65–103) vs. 44 (34–53) years],
and that they adjusted for BMI instead of BF, which is a closer
determinant of leptin concentrations, could explain such discre-
pancies. In our hands, this association merely reflects the corre-
lation between CRP and adiposity with leptin not directly in-
fluencing CRP concentrations. This observation is reinforced by
the fact that the association between leptin and CRP is not de-
tected in non-obese subjects. Finally, leptin was also highly cor-
related with vWF. However, opposed to the findings of Guagna-
no et al. (34), this association was lost after adjusting for BF,
which is in accordance with the study of Chu et al. (8). Differ-
ences in sample size or the fact that the association in the study
by Guagnano et al. was only evident after excluding non-obese
women may underlie this discrepancy.

The potential regulation of fibrinogen, CRP and vWF by
other adipokines such as adiponectin, IL-6, TNF-α, and resistin
(35, 36), or the in situ production of these risk factors by adipose
tissue itself, as has been shown to take place for PAI-1 (37) or
CRP (36, 38), should also be considered. In this sense, adipose
tissue is considered a source of vasoactive factors affecting the
physiology of the vasculature via a tight cross-talk of adipokines
with endothelial and smooth muscle cells, and hence exerting a
relevant impact on the cardiovascular system (39).

Increased BF is closely related to insulin resistance (40). Al-
though the obese subjects participating in our study showed aver-

age levels of glucose and insulin within the normal range, they
exhibited increased insulin resistance as compared to the non-
obese ones, as evidenced by the significantly increased HOMA
scores. This increase in insulin resistance could also be influenc-
ing the increase in the CVD markers studied (41). In this sense,
a strong association was observed between HOMA values and
fibrinogen, CRP and vWF. However, it seems that the obesity-
associated increase in CRP detected in our study was indepen-
dent of insulin resistance as evidenced by the lack of association
of this factor with HOMA after adjusting for BF. Fibrinogen and
vWF concentrations were marginally influenced by HOMA after
adjusting for BF, which seems to indicate that these markers
could be somewhat influenced by insulin resistance. Our results
are in agreement with previous findings (18, 41, 42) indicating
that insulin resistance may, by itself or as a consequence of an in-
creased fat mass, induce endothelial dysfunction and inflam-
mation.The association of vWF with age was strong and consist-
ent with the literature (43, 44). Although age could be influenc-
ing the increased concentrations of vWF in obesity observed in
our study, given that our obese sample was slightly older, the
multivariate analysis showed that body fat is still a significant
determinant of vWF after adjustment by age. Finally, another
factor slightly affecting vWF levels was uric acid. The role of
uric acid as a cardiovascular risk factor remains controversial
(45). Our data indicates that uric acid levels are associated with
vWF concentrations, which is concordant with the association of
uric acid with endothelial dysfunction, evidenced by increased
carotid intima-media thickness and aortic stiffness, recently de-
scribed (46). However, whether uric acid has a causative role or
is a mere marker of CVD requires further research.

In conclusion, our observations draw attention to the rel-
evance of determining body composition to quantify the fat com-
partment, which ultimately is the tissue responsible for most
obesity-related cardiovascular derangements. In addition, our
study provides evidence of direct associations between adipose
tissue stores and circulating concentrations of fibrinogen, CRP,
and vWF that appear not to be influenced by leptin.
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