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Abstract

Introduction: Central obesity is specifically associated 
with cardiovascular disease. Nevertheless, the molecular 
events that promote these conditions remain incomplete-
ly defined and risk stratifying patients for cardiovascular 
disease continues a challenge. 

Objective: The aim of this study was to assess some 
cost-efficient haemostatic markers, and its association 
with central obesity and traditional cardiovascular risk 
factors, in a cohort of middle aged subjects, without cli-
nical cardiovascular disease, as basis for an improved 
prevention and intervention. 

Methods: We studied 307 men, aged 45±7 years, which 
underwent medical history, physical examination, an-
thropometric measurements, plasmatic biochemical 
parameters, plasma concentrations of fibrinogen, pro-
thrombin activity, activated partial thromboplastin time, 
platelet count and mean platelet volume.

Results: Prothrombin activity values were significant-
ly higher in patients with central obesity (103 ± 16 % vs 
111 ± 17 %, p<0.001). Across tertiles of fibrinogen (low 
and high), there was an increase in cholesterol, adjusted 
for age and body mass index (4.9±0.9 mmol/L vs 5.4±1.1 
mmol/L, p< 0.01). High tertile of prothrombin activity 
showed higher levels of cholesterol (4.8±1.0 mmol/L vs 
5.4±0.9 mmol/L , p< 0.05), triglycerides (1.07±0.6 mmol/L 
vs 1.32±0.9 mmol/L, p< 0.05), and waist circumference 
(92.8±8.3 cm vs 96.5±8.8 cm, p= ns) . Mean values of cho-
lesterol were higher in low-activated partial thrombo-
plastin time tertile (5.3±0.9 mmol/L vs 4.9±1.1 mmol/L, 
p<0.01). Participants in the high-mean platelet volume 
tertile showed higher levels of glycemia (5.7±0.6 mmol/L 
vs 5.99±0.7 mmol/L, p<0.05). Significant positive correla-
tions were observed between fibrinogen and cholesterol 
(r=0.198, p<0.001) and triglycerides (r=0.116, p<0.05). 
Prothrombin activity was positively correlated with 
waist circumference (r=0.156, p<0.05), glucose (r=0.227, 
p<0.001), cholesterol (r=0.270, p=0.001), triglycerides 
(r=0.187, p=0.001) and mean platelet volume (r=0.130, 
p=0.05). Activated partial thromboplastin time was in-
versely related cholesterol (r=-0.172, p<0.01) concentra-
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Resumen

Introducción: La obesidad central está especialmente 
asociada con la enfermedad cardiovascular. No obstante, 
los mecanismos moleculares que la promueven no están 
completamente definidos y la estratificación del riesgo de 
los pacientes para la enfermedad cardiovascular sigue 
siendo un reto.

Objetivo: Evaluar la asociación de la adiposidad cen-
tral con marcadores hemostáticos coste-eficientes y con 
los factores de riesgo cardiovascular tradicionales en una 
cohorte de varones de mediana edad sin enfermedad car-
diovascular clínica con objeto de mejorar la prevención 
y la intervención. 

Métodos: Estudiamos 307 varones de 45±7 años, a los 
que se realizó historia clínica, examen físico, mediciones 
antropométricas y determinaciones plasmáticas bioquí-
micas y de fibrinógeno, actividad protrombina, tiempo 
de tromboplastina parcial activada, recuento de plaque-
tas y volumen plaquetario medio. 

Resultados: Los valores de actividad protrombina fueron 
significativamente más elevados en pacientes con obesidad 
central (103 ± 16 % vs 111 ± 17 %, p<0.001). Los sujetos con 
cifras de fibrinógeno en el tertil alto presentaban un aumen-
to en las concentraciones plasmáticas de colesterol (4.9±0.9 
mmol/L vs 5.4±1.1 mmol/L, p< 0.01), ajustado por edad e 
índice de masa corporal. El tertil alto de actividad protrom-
bina mostró concentraciones más elevadas de colesterol 
plasmático (4.8±1.0 mmol/L vs 5.4±0.9 mmol/L, p< 0.05), 
triglicéridos (1.07±0.6 mmol/L vs 1.32±0.9 mmol/L, p< 0.05), 
and medida de la circunferencia de la cintura (92.8±8.3 cm 
vs 96.5±8.8 cm, p= ns) . Las concentraciones medias de 
colesterol fueron más altas en el tertil bajo de tiempo de 
tromboplastina parcial activado (5.3±0.9 mmol/L vs 4.9±1.1 
mmol/L, p<0.01). Los individuos en el tertil alto de volu-
men plaquetario medio presentaron glucemia más elevada 
(5.7±0.6 mmol/L vs 5.99±0.7 mmol/L, p<0.05). Se observa-
ron correlaciones significativas positivas entre fibrinógeno 
y colesterol (r=0.198, p<0.001) and triglicéridos (r=0.116, 
p<0.05). La actividad protrombina estuvo positivamente 
correlacionada con la medida de la circunferencia de la 
cintura (r=0.156, p<0.05), glucemia (r=0.227, p<0.001), co-
lesterol (r=0.270, p=0.001), triglicéridos (r=0.187, p=0.001) 
y volumen plaquetario medio (r=0.130, p=0.05). El tiempo 
de tromboplastina parcial activado estuvo inversamente 
relacionado con las concentraciones de colesterol (r=-0.172, 
p<0.01). El volumen plaquetario medio se correlacionó con 
las concentraciones de glucosa (r=0.170, p<0.01). 
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Abbreviations 

PT: Prothrombin activity. 
APTT: Activated partial thromboplastin time. 
MPV: Mean platelet volume. 
BMI: Body mass index. 
WC: Waist circumference. 

Introduction 

Obesity has reached epidemic proportions in Wes-
tern societies and is a strong risk factor for the deve-
lopment of cardiovascular disease. Central obesity is 
specifically associated with cardiovascular mortality 
and obesity is a significant risk factor for the develop-
ment of arterial thrombosis and venous thromboembo-
lism. Nevertheless, the molecular events that promote 
these conditions remain incompletely defined and risk 
stratifying patients for cardiovascular disease remains 
a challenge because many patients identified to be at 
low or intermediate risk experience a cardiovascular 
event1, 2. 

For these reasons there has been considerable in-
terest in identifying  biomarkers that might improve 
the global risk prediction of cardiovascular disease. 
Among these, some haemostatic markers can be hi-
ghlighted, such as fibrinogen, prothrombin activity 
(PT), activated partial thromboplastin time (APTT) 
and platelet activity measuring, like platelet count and 
mean platelet volume (MPV).

Fibrinogen, an acute phase reactant, is synthesized 
in the liver. It is an important component of the coa-
gulation pathway and a major determinant of plasma 
viscosity3.

Clinical studies yield strong evidence that fibrino-
gen levels are increased in obese and overweight in-
dividuals with abdominal fat distribution. A positive 
correlation has been observed between body index 
mass (BMI), insulin resistance, metabolic syndrome 
and fibrinogen4.

The PT an APTT are globally accepted parameters 
for assessing the activity of extrinsic and intrinsic coa-

gulation pathways5. The clinical significance of short 
APTT has gained interest recently, since it might be 
considered as a marker for hypercoagulability. A shor-
tened APTT has been related to an increase in throm-
bin generation, chest pain, acute myocardial infarction 
and risk of thrombosis6.

On the other hand, platelets play a pivotal role in 
atherothrombosis. Activation of platelets at the site of 
vascular injury is central to the pathogenesis of occlu-
sive arterial disease. Studies on platelet function have 
aroused interest since the advent of novel treatment 
modalities such as antiplatelet drugs and stents7.

Platelet count and MPV are markers of platelet acti-
vation widely available in clinical practice. Mean pla-
telet volume is a potential marker of platelet reactivity. 
Larger platelets are younger, more reactive and have 
greater prothrombotic potential. Furthermore, higher 
MPV is observed in patients with diabetes mellitus, 
hypertension, hypercholesterolemia, smoking and 
obesity8. Although measuring platelet activity has been 
reported to identify individuals at increased risk for 
cardiovascular events, it remains a research tool that 
yet to be included in routine clinical decisions-making.

Objective

The aim of this study was to assess some cost-effi-
cient hemostatic markers, such as plasma levels of fi-
brinogen, PT, APTT, platelet count and MVP, and its 
association with central obesity and traditional cardio-
vascular risk factors, in a cohort of middle aged sub-
jects, without clinical cardiovascular disease, as basis 
for an improved prevention and intervention.

Methods 

Study Population

This is a cross-sectional study involving 307 men 
from San Carlos Hospital, Cádiz, that attend emplo-
yment medical examination, undertaken from March 

Conclusiones: Los marcadores hemostáticos estudiados 
se asocian con la adiposidad abdominal y con los factores 
de riesgo cardiovascular establecidos. Estos marcadores 
están disponibles en clínica, son asequibles y podrían ser 
de ayuda en la estratificación del riesgo cardiovascular 
de los pacientes y en la identificación del estado hipercoa-
gulable en personas que podrían beneficiarse de medidas 
preventivas. Además de ser herramientas potenciales 
para evaluar el impacto de dichas medidas. 

(Nutr Hosp. 2015;31:1059-1066)

DOI:10.3305/nh.2015.31.3.8168
Palabras Clave: Obesidad. Enfermedad cardiovascular. 

Fibrinógeno. Protrombina.

tions. Mean platelet volume rose with increasing glucose 
concentrations (r=0.170, p<0.01). 

Conclusions: Haemostatic markers studied have 
shown association with abdominal adiposity and esta-
blished cardiovascular risk factors. These markers are 
widely available, relatively inexpensive, and might allow 
risk stratifying patients for cardiovascular disease and 
the identification of hypercoagulable state in patients 
who might deserve preventive measures and are poten-
tial tools for assessing the impact of these measures. 

(Nutr Hosp. 2015;31:1059-1066)

DOI:10.3305/nh.2015.31.3.8168
Key words: Obesity. Cardiovascular diseases. Fibrino-

gen. Prothrombin.
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to October 2011. The sample size was set in order to 
provide a specific relative precision of 3%, a 95% con-
fidence interval, taking into account 5% of MVP ≥11.7 
fL prevalence. All subjects were free of clinical acute 
or chronic disease in the medical record.

Anthropometry, blood pressure, health behaviors, 
hematology and biochemistry

Measurements were performed as described: height 
was determined using a mobile stadiometer (model 
Seca 217, Hamburg, Germany), body weight was re-
corded by a digital scale (model Seca 876, Hamburg, 
Germany), both measures were used to calculate body 
mass index (kg/m2). Waist circumference (WC) was 
measured in a standing position, midway between the 
lower costal margin and the iliac crest, using a 2-metre 
non-stretch fiberglass tape. Central obesity was defined 
as a waist circumference ≥ 94 cm. 9 Resting blood pres-
sure was measure on the right arm, at the end of the 
physical examination with the participant sitting, using 
mercury sphygmomanometer. Smoking status (number 
of cigarettes per day), alcohol intake (g/day) and phy-
sical activity (exercise: number of hours per day) were 
evaluated by structured interview. We used the SCORE 
chart for cardiovascular risk estimation9. The following 
parameters were measured in fasting blood samples: 
glucose (plasma), cholesterol, triglycerides, uric acid 
(serum), platelet count and MPV (whole blood, EDTA 
anticoagulant). Fibrinogen, PT and APTT were asses-
sed by an analyzer (STA compact- Diagnostica Stago, 
Asnieres, France) using the appropriate reagents (Ro-
che Diagnostics, Basel, Switzerland)10,11. 

Statistical Analysis

Data analysis was performed using SPSS v19.0 
(SPSS Inc., Chicago, IL, USA). If variables were not 
normally distributed, they were logarithmically trans-
formed. Associations between risk factors and fibrino-
gen, PT, APTT, platelet count and MPV were assessed 
by grouping participants into tertiles of fibrinogen, PT, 
APTT, platelet count and MPV (≤33th, 34-65th and ≥ 
66th percentile). Means were compared by an ANOVA 
test or by Kruscal-Wallis test depending on the distri-
bution of the data. A value of p<0.05 was considered 
statistically significant. Spearman´s correlation test 
and partial correlation coefficients were performed to 
analyze the linear relationship between variables.

Ethics

The study was approved by the ethics committee 
of our university and informed consent was obtained. 
The investigation conforms with the principles outli-
ned in the Declaration of Helsinki.

Results

Characteristics of participants and cardiovascular 
risks factors are presented in Table I. Prothrombotic 
biomarkers of the patients with and without abdo-
minal obesity are presented in Table II. Prothrombin 
activity values were significantly higher in patients 
with central obesity (103 % ± 16 % vs 111 % ± 17 
%, p<0.001). There were no statistically significant 
differences between the two groups with respect to 
fibrinogen, APTT, platelet count and MPV. Across ter-
tiles of fibrinogen (low and high), there was an increa-
se in cholesterol (the difference remained significant 
after adjusting for age and BMI) (4.9±0.9 mmol/L vs 
5.4±1.1 mmol/L, p< 0.01), PT activity (100±22 % vs 
111±19 %, p< 0.001) and a decrease in APTT (35±11 s 
vs 32±5 s, p<0.01) (Table III). 

High tertile of PT showed higher levels of choles-
terol (4.8±1.0 mmol/L vs 5.4±0.9 mmol/L , p< 0.05), 

Table I 
Characteristics of the study subjects

N = 307 Mean±SD

Age (years) 45.2±7
WC (cm) 94.8±9.2
BMI (kg/m2) 27.5±3.5
SBP (mmHg) 124±14
DBP (mmHg) 71±10
Smoking (nºc/d) 4.0±8.2
Smoking (%) 26 %
Exercise (nº h/week) 1.3±1.4
Any alcohol intake (%) 68%
Any alcohol intake (g/d) 10±10
Glucose (mmol/L) 5.83±0.83
Cholesterol (mmol/L) 5.18±1.06
Triglycerides (mmol/L) 1.22±0.88
Uric acid (µmol/L) 333±65
Fibrinogen (g/L) 3.1±0.8
PT (%) 106±20
PT (s) 13.2±3.1
PT(INR) 1.04±0,77
APTT (s) 34±9
Platelets count (nº /mm3) 226±49
MPV (fL) 10.7±0.8

SCORE (%) 0.91±1.35
Waist circumference, WC; body mass index, BMI; Systolic blood 
pressure, SBP; Diastolic blood pressure, DBP; Prothrombin 
time, PT; activated partial thromboplastin, APTT; Mean platelet 
volume, MPV.
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triglycerides (1.07±0.6 mmol/L vs 1.32±0.9 mmol/L, 
p< 0.05) and fibrinogen (2.94±0.86 g/L vs 3.36±0.93 
g/L,  p< 0.001), adjusted for age and BMI, and lower 
of APTT (p< 0.001) and higher WC (92.8±8.3 cm vs 
96.5±8.8 cm, p= ns) .

Mean values of fibrinogen (3.24±0.77 g/L vs 
3.00±0.84 g/L, p<0.001), cholesterol (5.3±0.9 mmol/L 
vs 4.9±1.1 mmol/L, p<0.01) and PT (113±14 % vs 
100±27%, p< 0.001), adjusted for age and BMI, were 
higher in low-APTT tertile.

Participants in the high-MPV tertile showed hi-
gher levels of glycemia (5.7±0.6 mmol/L vs 5.99±0.7 
mmol/L, p<0.05) and lower platelet count (251 ± 53 /
mm3 vs 196 ±36 /mm3, p<0.001), after adjusting for 
age and BMI (Table IV).

There were no statistically significant differences 
between tertiles of prothrombotic biomarkers with 
respect to BMI and WC, although WC was higher in 
high-PT tertile, as already mentioned.

Table II 
Hemostatic biomarkers in normal men and in men with 

abdominal obesity (WC ≥94)

Variable WC < 94 WC ≥94 

n 175 132

Fibrinogen 3.0±0.7 3.2±0.8

PT 103± 16 111± 17*

APTT 34±10 34±11

Platelet count 225±45 231±51

MPV 10,6±0,9 10,7±0,8

Results are expressed as mean ± standard deviation. Fibrinogen 
(g/L); Prothrombin, PT (activity %); 
Activated partial thromboplastin, APTT(s); Mean platelet volume, 
MPV (fL); Platelet count (nº/mm³). 
Statistically significant: ANOVA *p< 0.001.

Table III 
Cardiovascular risk markers across tertiles of fibrinogen, PT and APTT

Fibrinogen PT APTT

Low High Low High Low High
≤267 ≥332 ≤100 ≥113 ≤31.4 ≥34.3

n 103 103 105 102 102 103
Age 44±6 46±7 44±7 45±7 46±7 44±6
BMI 27.3±3.5 27.8±3.6 27.1±3.5 27.5±3.3 27.7±3.3 27.5±4.3
WC 94.2±9.0 96.3±8.9 92.8±8.3 96.5±8,8 95.2±8.3 95.3±11.7
SBP 125±13 123±14 123±13 125±14 124±15 124±12
DBP 72±11 71±10 71±10 73±10 70±11 72±9
Smoking 3.3±6.9 5. 6±9.4 4.4±8.8 4.9±9.4 4.5±9.4 4.2±8.3
Exercise 1.2±1.4 1.1±1.4 1.4±1.6 1.0±1.2 1.4±1.5 1.0±1.3
Alcohol 12±11 9±9 9±9 11±10 10±10 9±11
Glucose 5.8±1 5.8±0.8 5.7±1.1 5.9±0.6 5.9±1.0 5.7±0.5
Cholesterol 4.9±0.9 5.4±1.1** 4.8±1.0 5.4±0.9* 5.3±0.9 4.9±1.1**
TG 1.13±0.8 1.28±1.1 1.07±0.6 1.32±0.9* 1.12±0.9 1.28±0.9
Uric acid 327±59 339±77 315±59 344±77 344±71 327±65
Fibrinogen 2.36±0.27 4.05±0.74 2.94±0.86 3.36±0.93*** 3.24±0.77 3.00±0.84***
PT 100±22 111±19*** 88±16 125±14 113±14 100±27***
APTT 35±11 32±5** 37±14 31±4*** 29.3±1.4 40.3±14
Platelet 223±45 227±50 236±52 218±46 222±52 229±51
MPV 10.5±0.9 10.8±0.9 10.4±0.8 10.8±0.8** 10.7±0.9 10.7±0.9

SCORE 0.73±1.05 1.14±1.40 0.79±1.2 1.14±1.78 1.21±1.68 0.60±0.80
Results are expressed as mean ± standard deviation. Waist circumference, WC; Body mass index, BMI; Systolic blood pressure, SBP; Diastolic 
blood pressure, DBP; Smoking (nºc/d); Exercise (nº h/week); Alcohol intake (g/d); .Glucose (mmol/L); Cholesterol (mmol/L); Triglycerides, 
TG (mmol/L); Uric acid (µmol/L); Fibrinogen (g/L); Prothrombin time, PT (activity %); Activated partial thromboplastin, APTT(s); Mean 
platelet volume, MPV (fL); Platelet count (nº/mm³); SCORE (%). Statistically significant: (ANOVA adjusted for age and BMI: Cholesterol, 
Triclycerides, Fibrinogen, MPV). (Kruskal-Wallis: PT, APTT). * p<0.05, **p<0.01, ***p<0.001.
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Significant positive correlations were observed 
between fibrinogen and age, cholesterol (r=0.198, 
p<0.001) and triglycerides (r=0.116, p<0.05). With 
respect to cholesterol concentrations, the correlation 
remained significant after controlling for age and BMI 
(r=0.193, p=0.01). PT was positively correlated with 
WC (r=0.156, p<0.05), glucose (r=0.227, p<0.001), 
cholesterol (r=0.270, p=0.001), triglycerides (r=0.187, 
p=0.001) and MPV (r=0.130, p=0.05). APTT was 
inversely related to age and cholesterol (r=-0.172, 
p<0.01) concentrations. MPV rose with increasing 
glucose concentrations, controlling for age and BMI, 
(r=0.170, p<0.01) and platelet count was inversely re-
lated to MPV (Table V). None of the outcomes was 
related to tobacco use or alcohol intake, except hi-
gher exercise in high MPV-tertile (1.0±1.3 vs 1.6±1.6 
p<0.05).

Discussion

The current study analyzed the complex interactions 
between haemostatic markers, platelet activity indica-
tors, obesity and established cardiovascular risks fac-
tors, trying to provide scientific and clinically relevant 
information, in order to establish novel strategies in 
the prevention and treatment of atherothrombosis. 

Mean fibrinogen levels (3.1±0.8 g/L) were similar 
to those reported for subjects without clinical cardio-
vascular disease 12 and lower than those found in high 
cardiovascular risk population or patients with diabe-
tes type 213,14.

Fibrinogen concentration was not positively rela-
ted to abdominal adiposity in our study. A recently 
published article showed fibrinogen association with 
overweight and trunk obesity 15, although this associa-

Tabla IV
Cardiovascular risk markers across tertiles of platelet count and MPV

Platelet count MPV

Low High Low High

≤203 ≥241 ≤10.2 ≥11

n 103 103 101 102

Age 44±7 45±7 45.4±7.4 45.4±7.4

BMI 27.3±3.5 27.7±3.9 27.5±3.8 27.1±3.1

WC 94.0±9.4 95.1±8.7 94.2±9.1 93.6±8.0

SBP 122±13 123±14 125±15 122±13

DBP 69±10 71±10 70±11 69±10

Smoking 3.7±6.9 5.8±10.7 5.1±9.4 4.0±8.1

Exercise 1.4±1.5 1.0±1.4 1.0±1.3 1.6±1.6 *

Alcohol 9±9 10±9 10±12 10±8

Glucose 5.8±0.5 5.8±1.0 5.7±0.6 5.99±0.7 *

Cholesterol 5.2±1.1 5.1±1.0 5.1±0.9 5.2±1.1

TG 1.24±1.0 1.2±0.8 1.12±0.6 1.38±1.0

Uric acid 327±59 344±71 321±59 327±65

Fibrinogen 3.11±0.78 3.18±0.95 3.01±0.83 3.20±0.87

PT 107±23 104±19 105±20 107±20

APTT 34±11 34±10 105±20 107±20

Platelet 176±18 280±35 251±53 196±36 ***

MPV 11.0±1.4 10.1±1.2 *** 9.7±0.3 11.7±0.5

SCORE 0.92±1.69 0.92±1.20 1.14±1.86 0.86±1.09

Results are expressed as mean ± standard deviation. Waist circumference, WC; Body mass index, BMI; Systolic blood pressure, SBP; Diastolic 
blood pressure, DBP; Smoking (nºc/d); Exercise  (nº h/week); Alcohol intake (g/d); Glucose (mmol/L); Cholesterol (mmol/L); Triglycerides, TG 
(mmol/L); Uric acid (µmol/L);  Fibrinogen (g/L); Prothrombin time, PT (activity %); Activated partial thromboplastin, APTT(s); Platelet count 
(nº/mm³);  Mean platelet volume, MPV (fL); SCORE (%).Statistically significant (ANOVA adjusted for age and BMI: Glucose, Platelet count, 
MPV).   (Kruskal-Wallis: exercise). * p<0.05, **p<0.01, ***p<0.001.
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tion was higher in women16 and our participants were 
all men. Consistent with DRUID study cigarette smo-
king was not significantly associated with fibrinogen.13

Cholesterol rose with increasing fibrinogen levels 
(p=0.007) (Table III) and fibrinogen levels have been 
correlated with early atherosclerotic changes of the 
carotid artery in young healthy adults with mean fi-
brinogen concentrations about 2.6 ± 0.05 g/L.12 The-
se fibrinogen levels are lower than those found in our 
participants with mean age 45±7 years. It has been su-
ggested that in subjects with very low cardiovascular 
risk, fibrinogen levels might serve as early and highly 
valid predictors for the development of atherosclerotic 
disease17.

Different mechanisms have been identified by which 
fibrinogen might promote atherosclerosis. Fibrinogen 
can bind to endothelial cell receptors (ICAM-1) and 
trigger the release of vasoactive mediators. Fibrinogen 
has been shown to modulate endothelial cell permea-
bility and smooth muscle cell proliferation.18 We found 
relationship between high cholesterol levels and in-
creased PT activity and shortened APTT (Table 3 and 
5). Other studies attribute a potential role to shortened 
APTT as haemostatic marker of hypercoagulable state 
and it could be a useful screening test applicable to 
clinical conditions19.

In our work PT was associated with abdominal 
obesity, glucose concentrations and triglycerides; and 
APTT with age and cholesterol. Lippi et al. showed 
that APTT values below the reference range (< 25.5 
s) were significantly more frequent in diabetics than 
in normal subjects. In contrast to their findings, our 
results showed higher mean values of APTT (34.1±9.3 
s) and they were not associated with glycemia. This 
could be explained by the lower age of our participants 
(45±7 years) compared to those of Lippi et al. (61 
years).6 However, since PT and APTT are relatively 

inexpensive tests, it might allow the identification of 
a subset of patients at major risk of thromboembolic 
complications who deserve more aggressive anti-
thrombotic preventive measures.

Previous studies have reported increased fibrinogen 
levels with aging12, 13 and we observed significant co-
rrelation between age and haemostatic markers, fibri-
nogen and APTT. Although, in a recent experimental 
study, no age-dependent alteration in PT and APTT 
was recorded, suggesting comparable function among 
young and old mice5. The authors of this study propo-
se that aging per se does not affect arterial thrombosis 
and that age-dependent vascular dysfunction in the ab-
sence of additional risk factors does not alter arterial 
thrombus formation. These findings underscores the 
importance of controlling modifiable risk factors in 
aged individuals.

Regarding platelet activity, our findings of MPV 
values (10.7±0.8 fL) were similar to those of others 
authors in healthy subjects who suggest that patients 
having a MPV beyond 11.7 fL should be evaluated 
for occlusive arterial diseases20. This was the average 
MPV value of the high tertile in our study, in which 
we observed elevated levels of glucose. Mean plate-
let volume is simple, inexpensive, easy to interpret 
and routinely measured by automated cell counters. 
As compared with other markers of platelet activity, 
which require specialized equipment, MPV is a practi-
cal and prognostically important biomarker of cardio-
vascular disease8.

Our findings did not show significant differences 
between tertiles of MPV with regard to BMI and ab-
dominal adiposity. However, in contrast to our results 
others studies have reported this association. Further-
more, platelet function is modulated by several key re-
gulators of body weight and metabolism. For example, 
platelet-dependent thrombosis is increased by leptin, 

Tabla V
Correlation test between established cardiovascular risk factors and haemostatic biomarkers

Variable Significant correlations

Fibrinogen Age (r=0.148, p<0.05), cholesterol (r=0.198, p<0.001), triglycerides (r=0.116, p<0.05), PT % (r=0.271, 
p<0.001), APTT (r= -0.195, p<0.001). *Cholesterol (r=0.193, p<0.01).

PT % WC (r=0.156, p<0.05), glucose (r=0.227, p<0.001), cholesterol (r=0.270, p<0.001), triglycerides ( r=0.187, 
p<0.001), fibrinogen (r=0.271, p<0.001), APTT (r=-0.386, p<0.001), MPV (r=0.130, p<0.05).

APTT Age (r=-0.154, p<0.05), cholesterol (r=-0.172, p<0.01), fibrinogen (r=-0.195, p<0.001), PT % (r=-0.386, 
p<0.001), SCORE (r=-0.177, p<0.01). 

Platelet count MPV (r=-0.458, p<0.001). *MPV (r=-0.529, p<0.001).

MPV Exercise (r=0.176, p<0.01), glucose (r=0.177, p<0.01).
*Glucose (r=0.170, p<0.01).

Spearman’s correlation coefficients. * Partial correlation coefficients controlling for age and body mass index. Waist circumference, WC; 
Exercise  (nº h/week); Glucose (mmol/L); Cholesterol (mmol/L); Triglycerides, TG (mmol/L); Fibrinogen (g/L); Prothrombin time, PT (activity 
%); Activated partial thromboplastin, APTT(s); Mean platelet volume, MPV (fL); Platelet count (nº/mm3 ); SCORE (%).
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and is decreased by adiponectin. One explanation for 
this could be the presence of the leptin receptor on pla-
telets, which acts synergistically with ADP to promote 
platelet aggregation21-23.

Accordingly, obesity is associated with increased 
platelet activation, an event that has implications for 
both thrombosis and inflammation. The inflammatory 
response related to fat accumulation may influence 
cardiovascular risk through its involvement in coagu-
lation and atherosclerosis. Thus, clinical markers of a 
prothrombotic state may indicate a risk for develop-
ment of complications of insulin resistance or metabo-
lic syndrome in obese or not obese24, 25.

Although a significant amount of data has emerged 
demonstrating an association of MPV with myocardial 
infarction and death in patients with established coro-
nary artery disease, there is much less data in patients 
without coronary artery disease. In a prospective cohort 
study of 25,923 apparently healthy men and women 
followed up for more than 10 years, subjects with an 
MPV ≥ 9.5 were 50% more likely to develop a venous 
thromboembolism as compared with those with MPV 
< 8.526. In line with these findings, a large majority of 
individuals in our study would be in the range of risk 
(mean: 10.7±0.8 fL). Additionally, a study of more than 
39,000 subjects from the Danish general population de-
monstrated that higher MPV was associated with in-
cident myocardial infarction and all-cause mortality27.

A recently published meta-analysis showed that 
MPV was higher in patients with acute myocardial in-
farction (MPV = 9.2 fL) than in those without acute 
myocardial infarction (MPV = 8.5 fL). 8 This analy-
sis supports the hypothesis that platelet size may play 
a role in both the development and consequences of 
cardiovascular disease. Moreover, prognostic value of 
MPV has been validated in patients with decompen-
sated heart failure (MPV > 10.5 fL) and pulmonary 
embolism (MPV > 10.9 fL)28,29. It is likely that an in-
creased MPV predates an acute myocardial infarction 
rather than results from it. As the average platelet lifes-
pan in blood is 7-10 days, the vast majority of platelets 
sampled at the time of hospital admission for an acute 
myocardial infarction would have been circulating be-
fore the event. Recent genome-wide studies have iden-
tified loci involved with MPV and it is being studied 
the relationship between genetic determinants of MPV 
and cardiovascular phenotype30.

In clinical practice, increased MPV may be of value 
to detect high-risk patients for future cardiovascular 
events and can be used as a diagnostic or prognostic 
measurements. The assessment of MPV could be use-
ful for identifying patients who would benefit from 
antiplatelet therapy and prediction of ischemic events. 
It is known that clopidogrel significantly inhibits the 
ADP-induced increase in MPV and aspirin has no 
effect on platelet size7. Also, obesity is thought to cau-
se resistance to antiplatelet therapy24. 

Regarding platelet count, we observed an inver-
se association with MPV and consistent with other 

reports, platelet count was not associated with car-
diovascular risks factors31, 32. However, both measu-
res were inversely related and high tertile of MPV 
showed higher glucose concentrations (adjusted for 
age and BMI) suggesting that they could play a role 
as possible risk indicator independent of plasma lipids 
and adiposity.

Study limitations

There were certain limitations in this study: First, 
the cross-sectional design with healthy men. It will be 
interesting to follow up the participants and to exami-
ne aging-related effects on haemostatic system in fu-
ture investigations. Second, preanalytical factors such 
as anticoagulant used, timing of blood sample prepa-
ration and calibration of particle counters, which may 
have an impact on the measurement of MPV. However, 
as sample preparations did not vary within the study 
because all sample were processed in the same labora-
tory, we do not believe that this limitation significantly 
altered our results or the conclusions that should be 
drawn from them.

Conclusions

In conclusion, haemostatic factors studied have 
shown association with abdominal adiposity and es-
tablished cardiovascular risk factors such as, plasma 
cholesterol and triglycerides, indicating that could be 
markers of cardiovascular risk. Mean platelet volume 
was significantly higher in subjects with increased 
prothrombin activity, showing potential prothrombo-
tic effect. Also, subjects grouped in the highest tertile 
of MPV presented values that are considered predicti-
ve of cardiovascular disease. Since MPV is routinely 
measured as a platelet standardized parameter, we 
suggest MPV is a potentially useful cardiovascular 
risk biomarker. Haemostatic tests studied are widely 
available, relatively inexpensive, and might allow risk 
stratifying patients for cardiovascular disease and the 
identification of hypercoagulable state in patients who 
might deserve preventive measures. Finally, there is 
evidence that the lifestyles that promote weight reduc-
tion, smoking cessation and physical exercise, decrea-
se platelet reactivity and coagulability and stimulate 
fibrinolysis. This translates into improved cardiovas-
cular prognosis and therefore, haemostatic parameters 
studied are potential tools for assessing the impact of 
these measures. 

Conflict of interest

The authors declare no potencial conflicts of interest 
with respect to the research, authorship and /or publi-
cation of this article.

008_8168 BIOMARCADORES DE ESTADO PROTROMBÓTICO EN LA OBESIDAD ABDOMINAL..indd   1065 13/02/15   09:56



1066 Nutr Hosp. 2015;31(3):1059-1066 Marcela Montilla et al.

Funding 

This work was supported in part by grant P07-
CTS-02765 from EU-FEDER and Spanish Ministry of 
Economic and Competitiveness.

References

1.	 Morange PE, Alessi MC. Thrombosis in central obesity and 
metabolic syndrome: Mechanisms and epidemiology. Thromb 
Haemost 2013; 110(4):669-680.

2.	 Coutinho T, Goel K, Corrˆea de S´a D et al. Central obesity and 
survival in subjects with coronary artery disease: a systematic 
review of the literature and collaborative analysis with indivi-
dual subject data. J Am Coll Cardiol 2011; 57(19):1877-1886.

3.	 Yan RT, Fernandes V, Yan AT et al. Fibrinogen and left ventri-
cular myocardial systolic function: The Multi-Ethnic Study of 
Atherosclerosis (MESA). Am Heart J 2010; 160: 479-86.

4.	 Tzotzas T, Evangelou P, Kiortsis DN. Obesity, weight loss and 
conditional cardiovascular risk factors. Obes Rev 2011; 12: 
e282-9.

5.	 Stämpfli SF, Akhmedov A, Gebhard C et al. Aging Induces 
Endothelial Dysfunction. Arterioscler Thromb Vasc Biol 2010; 
30:1960-7.

6.	 Lippi G, Franchini M, Targher G et al. Epidemiological as-
sociation between fasting plasma glucose and shortened 
APTT. Clin Biochem 2009; 42:118–20, doi: 10.1016/j.clinbio-
chem.2008.10.012

7.	 Colkesen Y, Muderrisoglu H. The role of mean platelet volume 
in predicting thrombotic events. Clin Chem Lab Med 2012; 50: 
631–4.

8.	 Chu SG, Becker RC, Berger PB et al. Mean Platelet volume 
as a predictor of cardiovascular risk: a systematic review and 
meta-analysis. J Thromb Haemost 2009; 8:148-56.

9.	 Perk J, De Backer G, Gohlke H et al. European Guidelines on 
cardiovascular disease prevention in clinical practice (version 
2012). Eur Heart J 2012; 33:1635-701.

10.	 Cunningham MT, Olson JD, Chandler WL et al. External qua-
lity assurance of fibrinogen assays using normal plasma: re-
sults of the 2008 College of American Pathologists proficiency 
testing program in coagulation. Arch Pathol Lab Med 2012; 
136: 789-95.

11.	 Finnegan K, Cutsforth G. Hemostasis test compatibility with 
capped and uncapped tubes. Clin Lab Sci 2011; 24: 215-20.

12.	 Grebe MT, Luu B, Sedding D et al. Fibrinogen Promotes Early 
Atherosclerotic Changes of the Carotid Artery in Young, Heal-
thy Adults. J Atheroscler Thromb 2010; 17:1003-8.

13.	 Maple-Brown LJ, Cunningham J, Nandi N et al. Fibrinogen 
and associated risk factors in a high-risk population: urban 
indigenous Australians, the druid Study. Cardiovasc Diabetol 
2010; 9: 69.

14.	 Verkleij CJN, de Bruijn RE, Meesters EW et al. The Hemosta-
tic System in Patients with Type 2 Diabetes with and without 
Cardiovascular Disease. Clin Appl Thromb Hemost 2011; 17: 
E57-63.

15.	 Prüller F, Raggam RB, Posch V et al. Trunk weighted obesity, 
cholesterol levels and low grade inflammation are main deter-
minants for enhanced thrombin generation. Atherosclerosis 
2012; 220: 215–8, doi: 10.1016/j.atherosclerosis.2011.09.035

16.	 Lakshmy R, Fall CHD, Sachdev HS et al. Childhood body 
mass index and adult pro-inflammatory and pro-thrombotic 
risk factors: data from the New Delhi birth cohort. Int J Epide-
miol 2011; 40:102-11.

17.	 Danesh J, Lewington S, Thompson SG et al. Plasma Fibrino-
gen Level and the Risk of Major Cardiovascular Diseases and 
Nonvascular Mortality. An Individual Participant Meta-analy-
sis. JAMA 2005; 294: 1799-809.

18.	 Tyagi N, Roberts AM, Dean WL et al. Fibrinogen induces en-
dothelial cell permeability. Mol Cell Biochem 2008; 307: 13-
22.

19.	 Abdullah WZ, Moufak SK, Yusof Z et al. Shortened activated 
partial thromboplastin time, a hemostatic marker for hypercoa-
gulable state during acute coronary event. Transl Res 2010; 
155: 315-9.

20.	 Demirin H, Ozhan H, Ucgun T et al. Normal range of mean 
platelet volume in healthy subjects: Insight from a large epide-
miologic study. Thromb Res 2011; 128: 358–60, doi: 10.1016/j.
thromres.2011.05.007.

21.	 Santilli F, Vazzana N, Liani R et al. Platelet activation in obesi-
ty and metabolic syndrome. Obes Rev 2011; 3: 27-42. 

22.	 Lorenzet R, Napoleone E, Cutrone A et al. Thrombosis and 
obesity: Cellular bases. Thromb Res 2012; 129: 285-9, doi: 
10.1016/j.thromres.2011.10.021.

23.	 Kutlucan A, Bulur S, Kir S et al. The relationship between 
mean platelet volume with metabolic syndrome in obese indi-
viduals. Blood Coagul Fibrin 2012; 23: 388-90.

24.	 Vazzana N, Santilli F, Sestili S et al. Determinants of increa-
sed cardiovascular disease in obesity and metabolic syndrome. 
Curr Med Chem 2011; 18:5276-80.

25.	 Samad E, Ruf W. Inflamation, obesity and thrombosis. Blood 
2013; 122:3515-22.

26.	 Braekkan SK, Mathiesen EB, Njolstad I et al. Mean platelet vo-
lume is a risk factor for venous thromboembolism: the Tromso 
Study, Tromso, Norway. J Thromb Haemost 2010; 8:157-62.

27.	 Klovaite J, Benn M, Yazdanyar S et al. Hight platelet volume 
and increased risk of myocardial infarction: 39.531 partici-
pants from the general population. J Thromb Haemost 2011; 
9: 49-56.

28.	 Kandis H, Ozhan H, Ordu S et al. The prognostic value of 
mean platelet volume in decompensated heart failure. Emerg 
Med J 2011; 28: 575-8.

29.	 Kostrubiec M, Labyk A, Pedowska-Włoszek J et al. Mean pla-
telet volume predicts early death in acute pulmonary embo-
lism. Heart 2010; 96: 460–5.

30.	 Kunicki TJ,  Nugent DJ. The genetics of normal platelet reacti-
vity. Blood 2010; 116: 2627-34.

31.	 Pizzi C, De Stavola BL, Meade TW. Long-term association of 
routine blood count (Coulter) variables on fatal coronary heart 
disease: 30 year results from the first prospective Northwick 
Park Heart Study (NPHS-I). Int J Epidemiol 2010; 39: 256–65.

32.	 Van der Bom JG, Heckbert SR, Lumley T et al. Platelet count 
and the risk for thrombosis and death in the elderly. J Thromb 
Haemost 2009; 7: 399–405.

008_8168 BIOMARCADORES DE ESTADO PROTROMBÓTICO EN LA OBESIDAD ABDOMINAL..indd   1066 13/02/15   09:56




