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Abstract
A hypercoagulable state is a potential mechanism linking elevated blood pressure (BP), adiposity
and a sedentary lifestyle to development of coronary heart disease (CHD). We examined
relationships among aerobic fitness and adiposity in 76 sedentary subjects with elevated BP.
Blood levels of plasminogen activator inhibitor-1 (PAI-1), D-dimer, von Willebrand factor (vWF)
and thrombomodulin were assessed as biomarkers of coagulation. In individuals with elevated BP,
percent body fat and fitness were associated with biomarkers indicative of a hypercoagulable state,
even after demographic and metabolic factors were considered. D-dimer was positively associated
with percent body fat (beta=0.37, p=0.003). PAI-1 was higher in men than in women (beta=−0.31,
p=0.015) and associated with lower VO2peak (beta=−0.35, p=0.024). Thrombomodulin was
positively associated with VO2peak (beta=0.56, p< 0.01). vWF was not significantly associated
with fitness or adiposity. Our results emphasise that both percent body fat and physical fitness are
important in the maintenance of haemostatic balance.
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BACKGROUND
The continuing obesity epidemic poses high disease risks, especially given the strong
association with coronary heart disease (CHD) and with hypertension - a well-established
risk factor for CHD (1). The contribution of obesity and a sedentary lifestyle to CHD risk is
also linked by the converse effects of increased aerobic fitness, which confers a protective
benefit against the development of CHD (2) and the development of hypertension(3).
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Adipose tissue is a complex endocrine organ that releases biologically active substances,
including many biological factors that contribute to coagulation and the development of
atherosclerosis, a precursor to clinically significant CHD. It has been suggested that
increasing coagulation levels may not only be a marker of thrombosis but also a cause of
atherogenesis (4). Increasing adiposity has been associated with increasing levels of the
coagulation markers D-dimer, thrombomodulin, PAI-1 and vWF (5)(6)(7)(8). Each
coagulation marker exhibits different actions, but the cumulative function is to maintain
haemostatic balance between thrombosis and fibrinolysis.

D-dimer is a protein fragment found in the blood following degradation of a fibrin clot,
hence a direct indicator of fibrinolysis and indirect marker of coagulation (9). PAI-1 is a
glycoprotien synthesised by numerous cell types including vascular endothelial cells,
vascular smooth muscle cells, and adipocytes. PAI-1 has antifibrinolytic properties, thereby
blocking the destruction of fibrin clots (10). vWF is a glycoprotein that is involved in platelet
adhesion and aggregation to sites of vascular injury (11).

Elevated levels of D-dimer, PAI-1 and vWF are therefore indicators of a hypercoagulable
state and have consistently been found to be independent risk factors of cardiovascular
events(12). Endothelial cell membrane-bound thrombomodulin is part of the protein C
anticoagulant system which provides an inhibitory mechanism against thrombosis (13)(14).
Elevated levels of soluble thrombomodulin have been linked to a reduced risk of suffering a
cardiovascular event but are also a marker of endothelial injury (15) and correlate positively
with plasma procoagulant activity in patients with type II diabetes (16).

Given the adipose tissue production of these coagulant factors, it has been proposed that
adiposity-related alterations in coagulation are a potential mechanism linking obesity to
CHD. Indeed, support is provided in a recent review article concluded that both modest and
substantial weight loss can significantly reduce PAI-1 levels (17).

Exercise is an important lifestyle intervention that can influence both adiposity and,
importantly for CHD risk, blood pressure (BP) and potentially might decrease coagulation
even independent of weight loss (14). Prospective studies have found that higher aerobic
fitness is associated with lower risk of future CHD related and all-cause mortality(2)(18).
Some of the reduction in CHD risk experienced by more fit populations may be due to
improvement of the haemostatic system, with fitness promoting a shift from coagulation
toward anticoagulation(19)(20). For example, studies from our group have found that higher
VO2peak, a measure of aerobic fitness, is independently associated with lower PAI-1(21)(22).
Similarly, in women followed for approximately 4 years following a clinically indicated
angiography, higher self-reported fitness scores were associated with lower risk for adverse
cardiovascular events of which obesity was not independently associated (23).

Given gender differences in adiposity, it may not be surprising that there appear to be gender
differences in levels of the coagulation markers; however, these associations are not
straightforward. D-dimer and PAI-1 levels have been found to be lower in women than
men (24), yet increasing body fat has been related to increasing PAI-1 levels in men but not
in women (25). There is some indication that fitness may also be differentially related to
coagulation factors across genders. Six months of exercise training produced greater
decreases in PAI-1 in men than in women (26). These gender differences may be important
clinically. In a study that investigated gender differences in the prognostic value of
coagulability markers in the prediction of cardiac events, D-dimer had prognostic value for
men but not women (27).

The relative contribution of fitness versus adiposity and potential differences in the
relationship between gender and coagulation markers is not well understood, and it has not
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been well studied in the setting of elevated BP, an important risk factor for development of
CHD (27). The purpose of this study was to examine relationships among adiposity, fitness
and gender with coagulation in unmedicated individuals with elevated BP. We hypothesised
that higher coagulability biomarkers would be directly related to increasing percent body fat,
and that increasing aerobic fitness would be associated with decreased coagulability. It was
further hypothesised that men D-dimer and PAI-1 levels would be higher in men than in
women.

METHODS
Participants

Study participants included 76 otherwise healthy unmedicated men and women with pre-
hypertension (>120/80 but <140/90mm/ Hg, N = 34) and stage 1 and stage 2 hypertension
(>140/90 but <179/110mmHg; N = 42). Participants had a broad body mass index (BMI)
range (23-38 kg/m2) (30.49[3.77] mean[SD]) and were between 25 and 60 years of age
(45.40[9.74]).

Women had not been treated with hormone replacement therapy. Participant’s level of
habitual physical activity was assessed using the Leisure Time Exercise Questionnaire
(LTEQ) and individuals with scores above 40 were excluded. Participants were recruited
from the local community through flyer postings, referrals from local doctor’s offices and e-
mail list serve distribution. Criteria for exclusion included having an abnormal ECG, history
of or current heart disease, recent stroke or neurological impairment, current psychiatric
disease or history of major depression, diabetes, anti-inflammatory medication use, current
use of prescription medication, current drug or alcohol abuse, diabetes, congestive heart
failure and history of myocardial infarction. The study was approved by the University of
California San Diego (UCSD) Institutional Review Board. Prior to participation all
participants provided written informed consent.

Procedure
The procedures were performed at the UCSD Medical Center General Clinical Research
Center. Anthropometric data were obtained through standard procedures by a trained
technician or registered nurse and included measurement of height, weight and waist and hip
circumference. Six measurements of BP were taken following a 15-min seated rest. Waist
circumference was measured midway between the lower rib and the iliac crest while the
participant was exhaling. Mean arterial pressure (MAP) was estimated by using the formula:
2/3 diastolic pressure plus 1/3 systolic pressure equals MAP. Hip circumference was
obtained at the maximal gluteal protrusion. BMI was calculated as weight in kilograms
divided by height in meters squared. Waist circumference was divided by hip circumference
to obtain waist to hip ratio.

Adiposity including total percent body fat and percent trunk fat were determined using
whole body dual energy x-ray absorptiometry (DEXA) using a Delphi W scanner (Hologic
Inc., Bedford, MA) and analysed using Hologic Discovery software (version 12.0). A whole
body scan was used to determine total percent body fat and percent trunk fat according to
manufacturer’s guidelines in which the truncal region was defined as the region below the
chin with bilateral boarders at the glenoid fossae and inferior boarder being the femoral
necks converging below the pubic symphysis. Resting BP was measured using a Dinamap
Compact BP monitor (Critikon, Tampa, FL) and defined as the average of six seated
measures taken after having rested for 15 minutes.
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Fitness testing
Cardiorespiratory fitness was determined by a VO2peak treadmill exercise test using the
standard Bruce protocol in which treadmill speed and grade were increased gradually from
1.7 mph and 10% grade every 3 minutes (28). Expired gas was analysed by Sensormedics
metabolic cart (equipped with Vmax software (version 6-2A). Participants were instructed
not to use caffeine or alcohol, exercise vigorously or smoke for 24 h prior to fitness testing.

Biological assays
Participants returned within 7 to 14 days of the fitness test, blood samples were collected at
rest between the hours of 10:00am and 12:00 p.m. Samples were kept on ice until being
centrifuged and stored at −80oC. Blood collected in tubes containing CTAD (buffered
citrate solution, theophylline, adenosine and dipyridamole) was used to determine PAI-1, D-
dimer, and vWF levels; blood collected in tubes containing heparin was used to determine
thrombomodulin levels. All analyte levels were determined by commercial enzyme-linked
immunosorbent assay (ELISA) according to manufacturer’s recommendations (Asserachrom
Stago, Asnières, France). Inter and Intra-assay coefficients were <10%.

Data analysis
Variables were examined for normal distribution, and extreme outliers (> 4 standard
deviations) were excluded from the analyses. Independent samples t-tests were used to
assess group differences between men and women on continuous outcome variables.
Pearson correlations were used to assess associations between predictor and outcome
variables. Separate linear regression models were developed for each coagulation marker as
a dependent variable.

The following predictor variables were entered into each regression model: age, BMI,
gender, mean BP (MAP), percent body fat, waist to hip ratio, VO2peak, gender by VO2
peak interaction term, and percent fat by gender interaction term. A p value < 0.05 was
chosen to represent statistical significance. All data were analysed using SPSS statistical
analysis software version 17.0 for Windows (SPSS, Chicago, IL).

RESULTS
Demographic and coagulation biomarkers characteristics of the participants are presented in
Table 1. The 76 participants included 34 women and 42 men (mean age 45.4 [9.74] 9.74).
BMI was not significantly different between men and women; yet women had significantly
higher percent body fat than men (women averaging 40.7%, men 28.0%; p<.001). Men had
significantly higher (weight-adjusted) VO2peak (p<.001) and triglyceride levels (p<.05) and
women had higher D-Dimer levels (p=.05). There were no other significant gender
differences between the coagulation markers.

Coagulation marker associations with fitness and adiposity
Pearson correlation coefficients among coagulation biomarkers and variables are presented
in Table 2. D-dimer was positively associated with percent body fat (p<0.05) and negatively
associated with VO2peak (p<0.05). PAI-1 was negatively associated with gender (p<0.05),
such that men had higher levels of PAI-1 than women. Thrombomodulin was positively
correlated with V02peak (p<0.05). When associations among biomarkers were analysed,
PAI-1 was negatively associated with D-dimer (p < 0.05) indicating greater antifibrinolytic
activity being related to less fibrin degradation.
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Regression outcomes
For each biomarker, a series of hierarchical liner regressions were performed to determine
the measures of fitness and adiposity that contributed to the prediction of coagulation
biomarkers (Table 3.).

D-Dimer—After controlling for the covariates age, BMI, gender and MAP, increasing D-
dimer was significantly associated with increasing percent body fat, such that for every one
unit increase in percent body fat, D-dimer increased by 9.522 ng/dl (Beta=.367, p=.003). We
did not observe significant associations between VO2 max and D-dimer. The final model
was: model R2=0.135, adjusted R2=0.121, F (1, 62) = 9.522, p≤0.003 (Table 3.).

PAI-1—After controlling for covariates as described above, PAI-1 levels were significantly
associated with gender (Beta= −.312, p=.015) and VO-2peak (Beta=−351, p=.024). The
final model was: model R2=0.174, adjusted R2=0.145, F (2, 60) = 6.096, p≤0.004 (Table 3).

Thrombomodulin—After controlling for covariates as described above, thrombomodulin
levels were significantly associated with VO2peak (Beta=.558, p<.001). We also found a
significant interaction between percent fat and gender for this outcome. Thrombomodulin
levels were associated with percent fat (Beta=.442, p=.003) in the opposite direction for men
and women with women having higher thrombomodulin as percent body fat increased and
men having lower thrombomodulin levels as percent body fat increased. The final model
was: model R2=0.216, adjusted R2 =0. 190, F (2, 61)=8.15, p ≤ 0.001 (Figure 1).

vWF—There were no significant associations between vWF and variables entered into the
model.

DISCUSSION
The aim of this study was to evaluate associations among aerobic fitness and adiposity and
markers of coagulation in the setting of elevated BP. Results showed that women had higher
D-dimer, lower PAI-1, percentage body fat and VO2peak than men. Regression analyses
showed that D-dimer was predicted by percentage fat, and that PAI-1 and thrombomodulin
were predicted by VO2peak. Importantly, BP was not significantly related to any of the
coagulation markers examined, suggesting that risk for vascular coagulation and fibrinolysis
conferred by adiposity and protection via aerobic fitness may be more significant than
effects of BP, especially among individuals with mildly to moderately elevated BP.

Our findings are in line with previous reports that increasing D-dimer is related to increasing
adiposity in children (29) and older adults (30), extending them to our population of otherwise
healthy middle aged individuals with elevated BP. Similarly, our finding that lower PAI-1 is
associated with higher aerobic fitness is also in agreement with previous findings (21),
however, we did not replicate previous reports that body mass was positively correlated with
PAI-1 (31), possibly because the current study has a more narrow range of BMI’s than the
previously referenced study. In the current study we found no association between adiposity
or fitness and vWF, which have been reported (31).

In the current study, greater aerobic fitness was associated with elevated thrombomodulin
levels. Previous studies have proposed that thrombomodulin found in the plasma of healthy
individuals may represent a (protective) up-regulation of thrombomodulin by endothelial
cells rather than a pathological damage induced cleavage of thrombomodulin (15). Providing
support for this idea is a recent study in which thrombomodulin levels were significantly
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higher in healthy individuals compared to congenital circulation defect patients who are
known to be at increased risk for thromboembolism (32).

Plasma levels of thrombomodulin are elevated in women with polycystic ovary syndrome
(PCOS) which is an important hormonal disorder in women. PCOS is characterised by
increased testosterone production and obesity (33). Adipose tissue possesses aromatase, an
enzyme that converts androstenedione to estrone and testosterone to estradiol.

The excess of adipose tissue in obese participants creates the paradox of having both excess
androgens (which are responsible for hirsutism and virilisation) and estrogens (which
inhibits FSH via negative feedback).Speculation: In women, increased body fat might
increase testosterone production. Testosterone increases the expression of thrombomodulin
in cultured endothelial cells (33).

Moreover, in women with PCOS who show excess production of testosterone and adiposity,
thrombomodulin is elevated (34) Therefore, effects of testosterone on thrombomodulin
production in women might become more apparent as the amount of body fat increases. In
contrast, estrogen increases in men along with an increase in body fat and such estrogen
excess can reduce testosterone levels, thereby perhaps explaining why men showed lower
thrombomodulin than women with increasing percent of body fat. Although hypertension is
found to be associated with reduced plasma thrombomodulin levels in animal studies (35),
human studies examining a broad BP range from normotension to hypertension have not
found BP to be associated with plasma thrombomodulin levels (13)(36)(37). Prior studies have
found associations between increased D-dimer, PAI-1 and vWF and elevated BP (38)(39)(40),
although our results showed no such relationship. One possible explanation for our findings
is the relatively restricted range of BP did not provide sufficient variance to detect
associations between BP and coagulation, focusing only on individuals with elevated BP.
Another possible explanation is that the coagulation markers examined in the current study
are influenced to a greater degree by VO2 peak and adiposity than BP.

A recent Chochrane review attempting to quantify the effects of antihypertensive drug
treatment on morbidity, stroke, CHD and total cardiovascular events (CVS) in 8,912 adults
with mild hypertension (systolic blood pressure (BP) 140-159 mmHg and/or diastolic BP
90-99 mmHg) found that treatment for 4 to 5 years with antihypertensive drugs compared to
placebo did not reduce any of the above mentioned events (41). It has also been found that
higher cardiorespiratory fitness protects against increases in BP with weight gain (42). When
population attributable fractions (PAFs) associated with physical inactivity were calculated
for 2008, it is estimated that 6% of the burden of disease from CHD worldwide could be
eliminated by the removal of inactivity (43). In light of this evidence, efforts to increase
physical activity emerge as a good choice in the effort to reduce BP.

CONCLUSIONS
These findings expand on previous research indicating that physical fitness and lower body
fat protect against hypercoagulability, and remain an important risk or protective factor
regardless of elevated BP. D-dimer levels are a direct marker of fibrinolysis and an indirect
marker of coagulation, and are associated with increased adiposity. This, along with lower
PAI-1 levels and higher thrombomodulin levels in more physically fit individuals, provides
support that coagulation factors may be a mechanistic pathway through which higher
aerobic fitness and lower body mass protect against CHD risk. Our results highlight the
importance of lower adiposity and increased cardiorespiratory fitness on coagulation
markers in individuals with prehypertension as well as established hypertension.
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Improvement in the haemostatic system may be just one of the many positive effects of
exercise in this population, even without a significant role of BP in coagulation balance.
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Figure 1.
Interaction Among Percent Body Fat, Thrombomodulin and Gender.
Increased percent fat predicted higher thrombomodulin levels in women and lower
thrombomodulin levels in men (beta=.442, p=.003).
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