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Introduction Increased visceral adipose tissue (VAT) has been shown to be associated
with the development of insulin resistance, type 2 diabetes, stroke, and ischemic heart
disease. It remains unknown whether fat distribution impacts on coagulation markers
and/or the risk of venous thrombosis. This study evaluates markers of hypercoagulability in class III obesity (body mass index [BMI] >40 kg/m2) compared with nonobese
controls. We further investigated whether hypercoagulability was inﬂuenced by VAT,
metabolic syndrome, and metabolic markers, including adiponectin.
Patients and Methods Ninety patients were recruited from the obesity clinic at King’s
College Hospital from November 2009 to December 2011. The inclusion criteria were
class III obesity (BMI 40 kg/m2) and age 18 to 65 years. A control group (healthy
ambulatory participants, with a BMI < 30 kg/m2) was recruited from volunteers
responding to advertisement. Abdominal VAT and subcutaneous adipose tissue surface
areas were determined by evaluation of a single-slice CT at spinal vertebra L4.
Results Thrombin generation revealed a signiﬁcantly increased peak and endogenous
thrombin potential in patients compared with controls. Lag time and time to peak (ttP)
were also signiﬁcantly prolonged in patients. VAT was found to have the strongest
association with thrombin generation parameters: lag time (β ¼ 0.378; p < 0.001),
peak thrombin (0.378; p ¼ 0.04), and ttP (β ¼ 0.373; p ¼ 0.001). BMI was found to be
a predictor for lag time only (β ¼ 0.313; p ¼ 0.003). SAT was not associated with any of the
thrombin generation parameters (data not shown). VAT was found to be an independent
determinant of peak thrombin, lag time, and ttP. The study suggests not only fat mass but
also fat distribution, particularly visceral adiposity, mediates hypercoagulability in obesity.

Introduction and Background
Obesity is recognized as a growing global concern with a
worldwide prevalence for overweight and obesity approach-
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ing 40% in adults.1 Morbid obesity (body mass index [BMI]
>40 kg/m2) has been described in 3.9% of women and 1.6%
of men in the United Kingdom.2 There is a signiﬁcantly
increased risk of cardiovascular disease, type 2 diabetes,
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hypertension, and venous thromboembolism in obesity,
particularly when severe.3
Several mechanisms have been proposed to explain the
increased risk of venous and arterial thromboembolism, including increased procoagulant activity (factor [F] VII, FVIII, von
Willebrand factor, and ﬁbrinogen), impaired ﬁbrinolysis (increased plasminogen activator inhibitor [PAI]), increased inﬂammation, endothelial dysfunction, and altered lipid and
glucose metabolism in metabolic syndrome.4 Inﬂammation
and insulin resistance are at least in part mediated by adipocytokines,4,5 with those released by visceral rather than subcutaneous tissue directly associated with metabolic abnormalities.6
Increased visceral adipose tissue (VAT) has been shown to
be associated with the development of insulin resistance,
type 2 diabetes, stroke, and ischemic heart disease.7–9 BMI
and other conventional anthropometric measures, such as
waist circumference, are insensitive to fat distribution pattern10,11 and do not reﬂect recognized age, gender, and
ethnic-speciﬁc differences in fat distribution.12–14 It remains
unknown whether fat distribution impacts on coagulation
markers and/or the risk of venous thrombosis.
Adipose tissue is known to produce several cytokines
including leptin and adiponectin, tumor necrosis factor-α,
and PAI-1.15 Leptin is predominantly but not speciﬁcally
produced and secreted by adipose tissue.4 Adiponectin, in
contrast, is exclusively produced by adipose tissue. Adiponectin levels correlate negatively with obesity and recent work has
shown adiponectin release to be reduced from the VATof obese
subjects (with no change in release from subcutaneous fat).6,16
There are no studies examining the relationship of these
adipocytokines and risk of VTE in morbidly obese patients.
Global coagulation assays, such as thrombin generation, can
provide an indirect measure of overall “coagulability” and have
been demonstrated to be sensitive to the prothrombotic state
associated with increased age, hormone use, and pregnancy.
Recent studies have reported increased thrombin generation
in morbid obesity with a reduction following weight loss,
suggesting adiposity mediates the hypercoagulable state.17,18
This study aims to evaluate markers of hypercoagulability in
grade III obesity (BMI >40 kg/m2) compared with nonobese
controls. We further sought to determine whether hypercoagulability was inﬂuenced by VAT, metabolic syndrome, and
metabolic markers, including adiponectin.

Patients and Methods
Study Participants
Ninety patients were recruited from the obesity clinic at King’s
College Hospital NHS Foundation Trust from November 2009
to December 2011. The inclusion criteria were class III obesity
(BMI 40 kg/m2) and age 18 to 65 years. A control group
(healthy ambulatory participants, with a BMI < 30 kg/m2) was
recruited from volunteers responding to advertisement. The
control participants were matched to cases for age and sex.
Exclusion criteria for all participants were personal history of
VTE, known active cancer, previous history of myocardial
infarction, cerebrovascular accident or peripheral vascular
disease, current use of hormone replacement therapy (HRT),
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oral contraceptives or anticoagulants, previous bariatric surgery, and current pregnancy.
Body weight and height were measured to enable
calculation of BMI. Blood pressure (BP) was recorded using
the OxiMax Nellcor spot signs device (Nellcor OxiMax,
New York, United States); this was measured in the right
arm with the subject in a sitting position. Participants had
their BP measured after a 15-minute rest period. Data regarding participant’s self-reported ethnicity, medical history, and
smoking status were also collected. Fasting blood samples
were collected from all participants at their convenience
following a  10-hour fasting period. Visceral adiposity was
evaluated by computed tomography scan as detailed below.
The study was approved by King’s College Research Ethics
Committee (REC: 09/H0808/64) and the Research and Development Committee. All participants gave written informed
consent prior to participation.

Blood Collection
Venous blood was drawn from an antecubital vein using a
plastic syringe connected to a 21 g butterﬂy system (Hospira
Venisystems, Illinois, United States). Blood was immediately
dispensed into 0.109 mol/L sodium citrate tubes (Vacutainer
BD, Plymouth, UK) following an initial 10 mL blood drawn,
which was subsequently dispensed into 0.369 EDTA (Vacutainer BD, Plymouth), SST II (Vacutainer BD, Plymouth), and
sodium ﬂuoride tube (Vacutainer BD, Plymouth).

Sample Preparation
Platelet poor plasma (PPP) for standard coagulation assays
was prepared within an hour of sample collection by double
centrifugation (7 minutes) at 1,700 g (Hettich 38R Rotina
centrifuge; Hettich-Zentrifugen, Tuttlingen, Germany). Prothrombin time (PT), activated partial thromboplastin time
(APTT), Clauss ﬁbrinogen (CFIB), and D-dimer (DD) were
measured in fresh unfrozen plasma within 4 hours of sample
collection. Aliquots (2 mL) were immediately frozen at 40°
C and only thawed by incubating in a water bath at 37°C
immediately before testing. Metabolic markers were measured using serum separated by centrifugation of fresh blood
collected in SST II tubes for 7 minutes at 1,700 g (38R Rotina
centrifuge [Hettich-Zentrifugen]). All patient and control
samples were assayed by the same experienced biomedical
scientists.
PPP for thrombin generation was prepared by double
centrifugation at 4,754 g for 10 minutes (420R Rotina centrifuge (Hettich-Zentrifugen). After the ﬁrst spin, the top
three-quarter volume of supernatant was transferred into a
polypropylene tube before second spin. PPP was then frozen
at 40°C within 45 minutes of sample collection. Samples
were thawed at 37°C immediately before analysis. All samples were analyzed within 2 months of collection.

Laboratory Measurements
Metabolic Analysis
Total cholesterol, triglycerides, and high-density lipoprotein
(HDL) were determined using Siemens kits (Chol-c, Trig and
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D-HDL kits [Siemens Diagnostics, Illinois, United States]),
respectively, on the ADVIA2400 (Siemens Diagnostics). Manufacturer protocols were employed in all testing.
Fasting insulin was measured using a solid phase chemiluminescent assay on the Siemens Immulite 2000 analyzer
(Siemens Healthcare Diagnostics). The original homeostasis
model assessment index (HOMA-IR: HOMA-IR ¼ [fasting glucose (mmol/L)  fasting insulin (mIU/L)]/22.5) was used to
estimate insulin resistance among the patients. Patients with
HOMA-IR > 2.4 were classiﬁed as having insulin resistance.19
Metabolic syndrome was deﬁned using the International
Diabetes Federation (IDF) guidelines:20 presence of central
obesity (assumed for patients with BMI  30 kg/m2) plus
any two of the following four conditions—hypertriglyceridemia,  1.7 mmol/L; low HDL cholesterol, < 1.03 mmol/L
(men) and < 1.29 (women); high BP,  130 mm Hg systolic
pressure or  85 mm Hg diastolic pressure; or fasting glucose,
> 5.6 mmol/L. Previously diagnosed or patients on treatment
for hypertension, diabetes, or hyperlipidemia were considered
to satisfy the criterion.
Serum levels of adiponectin were measured using an
ELISA kit (total human Adiponectin/Acrp 30 Quantikine
ELISA; R&D Systems, Minneapolis, Minnesota, United States).
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in triplicate. Thrombin generation was then initiated by adding
20 µL of the ﬂuorogenic substrate (FluCa, Thrombinoscope BV)
containing 100 mM calcium chloride. A Fluoroskan Ascent
plate reader (Thermo Labsystems, Helsinki, Finland); excitation
ﬁlter of 390 nm and emission ﬁlter of 460 nm, and Thrombinoscope software (Thrombinoscope BV) were used for the assay
following manufacturer’s instructions. The continuous production of thrombin was determined by measuring ﬂuorescence
every 20 seconds for a period of 1 hour. The assay yields four
thrombin generation parameters: lag time, ttP, peak thrombin,
and endogenous thrombin potential (ETP; area under the
curve, nM/min) (Thrombinoscope software version 3.1.0.55;
Synapse BV, Maastricht, the Netherlands). Furthermore, Velocity Index ¼ Peak/(ttP  Lag Time), indicating the average net
rate of prothrombin activation during the propagation phase,
was calculated. Control plasma (Normal Human Control
Plasma, Technoclone, Vienna, Austria) was utilized in each
thrombin generation assay and this was utilized to evaluate
interassay variability across all tests. Intra-assay variability was
<5% and interassay variability was <10% for all parameters.

Fat Distribution Analysis
Computed Tomographic Scans

Coagulation Tests
PT, APTT, and CFIB were measured using STA Neoplastine C1
plus, STA Cephascreen, and STA ﬁbrinogen in clot-based
assays, respectively. Antithrombin (AT), protein C (PC), free
protein S (FPS), and DD were assayed using STA-Stachrom
ATIII, STA-Stachrom protein C, Liatest Free Protein S, and STA
Liatest D-Di. Colorimetric technique was employed for AT
and PC, while latex immunoassay technology was employed
for DD and FPS. FVII and FVIII were assayed using STA
deﬁcient VII/VIII immunodepleted plasma in coagulationbased assays. All reagents were purchased from Diagnostica
Stago (Asniers, France) with assays performed on STA-R
Evolution analyzer (Diagnostica Stago) according to manufacturer protocols and as previously described.21
Free tissue factor pathway inhibitor (TFPI) was measured
using an ELISA (Asserachrom Free TFPI, Diagnostica Stago).
PAI was also measured with ELISA (Human Serpin E1/PAI-1
Quantikine ELISA kit (DSE100), R&D Systems).

Thrombin Generation Assay
Thrombin generation was measured using the calibrated
automated thrombography method as described in detail by
Hemker et al.21,22 PPP reagent (5 pM; Thrombinoscope BV,
Maastricht, the Netherlands) and the thrombin calibrator were
reconstituted in 1 mL of distilled water. The calibrator is made
of a thrombin-like substance that is able to cleave the ﬂuorescent substrate (Z-Gly-Gly-Arg-AMC; Bachem, Bubendorf,
Switzerland). Eighty microliters of PPP, prewarmed to 37°C,
was added to 20 µL of either PPP reagent (5pM; Thrombinoscope BV) or calibrator (Thrombin Calibrator, Thrombinoscope
BV) at room temperature in a 96-well microtiter plate (Immulon 2HB; Thermo Electron Corporation, Vantaa, Finland) to
give a ﬁnal concentration of 5 PM tissue factor and 4 µM
phospholipids. Both calibrator and test wells were processed
TH Open
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A Somatom Sensation 16 CT scanner (Siemens, Forchheim,
Germany) was used to take a noncontrast single-slice CT scan
at the midpoint of the L4 vertebral body. The patients were
examined in supine position with their arms extended above
their heads. The CT protocol used was as follows: slice
thickness, 10 mm; scan parameters, 120 kv, 120 mA; ﬁeld
of view, 499 mm with a 512  512 matrix; window level,
300; center, 40. The images were transferred onto CDs in
DICOM (Digital Imaging and Communications in Medicine)
format to allow for analysis.

Image Analysis
Semiautomated assessment of VAT and SAT compartments was
performed using a dedicated software package, Analyze direct
10 (AnalyzeDirect, Kansas, United States). The measurement of
adipose tissue area was determined by setting a Hounsﬁeld unit
(HU) range between 190 and 30.23 SAT was deﬁned as fat
that is superﬁcial to abdominal wall musculature, whereas VAT
was deﬁned as adipose tissue inside the muscular wall and
included the mesenteric, subperitoneal, and intraperitoneal
components. All the images were analyzed by only one observer
and the intraobserver variability for one image examined 10
times on the same day was < 5% for VAT areas (►Fig. 1).

Statistical Analysis
Normality on continuous variables was evaluated with the
Shapiro–Wilk test and normality Q-Q plots. Continuous
variables are given as mean and standard deviation or
median and interquartile ranges for normal and nonnormal
variables, respectively. Nonnormal variables were logarithmically transformed to normalize where possible. The means
of continuous variables were compared using the independent Student’s t-test. Fisher’s exact test was used to assess
the differences between nominal variables for potential
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Fig. 1 Measurement of visceral and subcutaneous adipose tissue. (A) Screen capture from the region of interest module before segmenting.
(B) Screen capture after segmenting VAT (green area) and SAT (yellow area).

confounders on thrombin generation. Correlations between
continuous variables were evaluated with Pearson’s correlation for normal data and Spearman’s correlation for nonnormal data. Simple and multiple linear regression analyses
were performed to assess the association of obesity markers,
metabolic markers, and thrombin generation parameters
within the morbidly obese group. The dependent variable
was always the thrombin generation parameter. Statistical
signiﬁcance was given a p-value of < 0.05. All statistical
analyses were performed using SPSS version 19 software
(IBM SPSS, Chicago, Illinois, United States).

Results
Study Population
Ninety subjects were recruited, of which one did not attend
for blood tests and was thus excluded, along with 77 age- and
sex-matched controls. Baseline anthropometric parameters
of morbidly obese cases and controls are shown in ►Table 1.
There was no signiﬁcant difference in age, gender, and
smoking status between the two groups. Subjects had higher
mean systolic and diastolic blood pressure as shown
in ►Table 1. The mean fasting insulin, mean glucose, median
triglycerides, and median HOMA-IR were signiﬁcantly increased in subjects with signiﬁcantly depressed mean levels
of HDL and adiponectin. Twenty-one (24%) subjects were
taking antihypertensive medication 16 (18%) hypoglycemic
agents, and 6 (7%) statin therapy. Fifty-three (60%) subjects
met the criteria for metabolic syndrome.

Hemostatic Markers
There were signiﬁcant differences in the activity of coagulation factors and natural anticoagulant as shown in ►Table 2,
with FVII, FVIII, PC, FPS, and TFPI signiﬁcantly increased in
morbid obesity and AT signiﬁcantly reduced. Markers of
ﬁbrinolysis, PAI, and DD were found to be signiﬁcantly
enhanced in morbid obesity as shown in ►Table 2.
Thrombin generation revealed a signiﬁcantly increased
peak and ETP in subjects compared with controls as shown
in ►Fig. 2. Lag time was signiﬁcantly prolonged in subjects
(►Fig. 2).

Fat Distribution Markers as Determinants of
Hypercoagulability Markers in Morbid Obesity
VAT was signiﬁcantly increased in the morbidly obese
(►Table 1). Within the obese cohort, there were positive
correlations between VAT, FVIII, ﬁbrinogen, free protein S,
and TFPI and a negative correlation with AT (►Table 3). VAT
also positively correlated with thrombin generation, lag time,
and peak thrombin as shown in ►Table 4. BMI was signiﬁcantly correlated with FVIII, ﬁbrinogen, TFPI, DD, and lag time.
There were no correlations between SAT and any of the
hemostatic markers (data not shown). There was no signiﬁcant
difference in the velocity index between the patient group and
control group (data not shown). Within the patient group,
velocity index was positively correlated with FVIII (0.219,
p ¼ 0.04) and negatively with FVII (0.213, p ¼ 0.04).
Multiple stepwise regression analysis (adjusted for age,
smoking status, gender, and ethnicity) was used to assess the
strength of the relationships between the fat distribution
markers and thrombin generation parameters. VAT was
found to have the strongest association with thrombin generation parameters: lag time (β ¼ 0.378; p < 0.001), peak
thrombin (0.378; p ¼ 0.04), and (β ¼ 0.373; p ¼ 0.001). BMI
was found to be a predictor for lag time only (β ¼ 0.313;
p ¼ 0.003). SAT was not associated with any of the thrombin
generation parameters (data not shown).

Metabolic Syndrome, Its Components, and
Hypercoagulability Markers
Of the 89 participants, 50 (56%) had metabolic syndrome. There
were no signiﬁcant differences in gender, ethnicity, BMI, or
smoking status between those with and without metabolic
syndrome (data not shown). Individuals with the metabolic
syndrome were older (47  11 vs. 42  11 years, p ¼ 0.038)
and had higher VAT (265  95 cm2 vs. 215  75 cm2, p ¼ 0.01)
compared with those without metabolic syndrome. On comparing hemostatic markers, TFPI and PC were the only hemostatic
markers that were signiﬁcantly raised in those with metabolic
syndrome compared to those without (12.7  4.1 vs. 15.2  5.3,
p ¼ 0.012 and 111  18 vs. 119  20, p ¼ 0.05, respectively).
There were no differences in thrombin generation parameters seen (data not shown). There was a positive correlation
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Table 1 Anthropometric and metabolic parameters for the
study population
Parameter

Cases
(N ¼ 89)

Controls
(N ¼ 77)

Mean age, y (SD)

44  11

42  11

Male sex, n (%)

15 (17)

19 (25)

Caucasian

53 (59.6)

47 (61)

African
Caribbean

32 (36)

19 (24.7)

Other

4 (4.5)

11 (14.3)

Smokers, n (%)

15 (17)

10 (13)

Mean systolic
blood pressure
(mm Hg)

130  13

115  12

Mean diastolic
blood pressure
(mm Hg)

79  8

73  9

Mean BMI (kg/m2)

50.5  6.9

24  3

Mean VAT (cm2)

242.75  89.65

71.27  28.15

Mean SAT (cm2)a

710.97  119.87

188.47  88.55

Mean height (cm)

166  8

168  9

8 (9)

7 (9.1)

Ethnicity

Thrombophilia,
n (%)
Present
FVL

4 (4.5)

1 (1.3)

PT G20210A

1 (1.1)

4 (5.2)

Lupus
anticoagulant

3 (3.4)

2 (2.6)

Median glucose
(mmol/L)

5.5 (4.9–6.6)

4.8 (4.6–5.1)

Mean fasting insulin
(µU/mL)

18.8  10.4

3.9  0.7

Median HOMA IR

4.6 (3.06–7.11)

0.51 (0.41–1.07)

Median triglycerides
(mmol/L)

1.3 (0.9–1.8)

0.8 (0.6–0.9)

Mean HDL (mmol/L)

1.2  0.3

1.7  0.4

Mean LDL (mmol/L)

2.9  0.9

2.9  0.8

Mean total
cholesterol
(mmol/L)

4.8  1.0

5.0  0.9

Median adiponectin
(ng/mL)

5,366
(3,880–7,635)

9,461
(4,844–14,400)

Abbreviations: BMI, body mass index; FVL, factor V Leiden heterozygote;
HDL, high-density lipoproteins; HOMA-IR, homeostasis model assessment index for insulin resistance; LDL, low-density lipoproteins;
N, population; PT, prothrombin G20210A heterozygote; SAT, subcutaneous adipose tissue area; SD, standard deviation; VAT, visceral adipose
tissue area; VTE, venous thromboembolism.
Notes: Continuous normally distributed data are presented as mean
 SD; nonnormally distributed data are presented as median
(interquartile range). p-Values are based on unpaired Student t-test for
normally distributed continuous variables, Mann–Whitney for
nonnormally distributed continuous variables, and Fisher’s exact test
for nominal variables. Signiﬁcant differences are indicated as follows:

p < 0.001; 0.05 < p  0.001.
a
SAT measured in 69 cases only due to inability for 20 subjects to ﬁt into
CT scanner.
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Table 2 General Hemostatic markers for the study population
Variable

Cases
(N ¼ 89)

Control
(N ¼ 77)

Mean Fib (mg/L)

4.2  0.8

3.1  0.7

Mean FVII (U/dL)

129  29

104  23

Mean AT (%)

96  10

101  8

Mean PC (U/dL)

116  19

106  20

Mean FPS (%)

104  24

91  23

Median FVIII
(IU/dL)

148 (126–195)

121 (98–144)

Median DD
(mg/L)

420 (315–670)

280 (220–413)

Median PAI-1
(ng/mL)

5.51 (3.19–9.11)

1.54 (0.83–2.71)

Mean TFPI
(ng/mL)

14.1  4.91

10.37  4.51

Abbreviations: AT, antithrombin activity; DD, D-dimer; Fib, Clauss
ﬁbrinogen; FPS, free protein S; N, number; PAI-1, plasminogen activator
inhibitor 1; PC, protein C activity; PLT, platelet count; TFPI, tissue factor
pathway inhibitor.
Notes: Normally distributed data are presented as mean  SD (standard
deviation) and the p-values are based on independent Student’s t-test.
Nonnormally distributed data are presented as median (interquartile
range) and p-values are based on test. Signiﬁcant differences are
indicated as follows: p < 0.001; 0.05 < p  0.001.

between glucose and ETP (r ¼ 0.259, p ¼ 0.003), and between
triglycerides and ttP (r ¼ 0.230, p ¼ 0.031). There were no
correlations seen between thrombin generation parameters
and other metabolic markers (insulin, HOMA-IR, HDL) or adiponectin (data not shown). There was no signiﬁcant difference
in adiponectin between those with and without metabolic
syndrome and no correlation with VAT (data not shown). VAT
remained a signiﬁcant independent determinant of peak
thrombin, lag time, and after adjusting for metabolic markers
as shown in ►Table 5.

Discussion
We have demonstrated an altered thrombin generation
proﬁle in morbid obesity, with prolonged lag time, time to
peak, and increased peak thrombin and ETP. Additionally,
FVII, FVIII, ﬁbrinogen, DD, PC, FPS, PAI, and TFPI were
increased in the morbidly obese with reduced AT compared
with nonobese individuals in keeping with previous reports.24,25 Our ﬁndings conﬁrm those reported by two other
groups during the course of our study, which demonstrated
increased thrombin generation in the morbidly obese.17,18
Weight loss following bariatric surgery was additionally
associated with a signiﬁcant reduction in the hypercoagulable markers of thrombin generation.17
We observed an unexpected prolongation of thrombin
generation, lag time, and time to peak in the morbidly obese,
in contrast to the ﬁndings of Campello and colleagues,17 who
reported a shortened lag time. Of note, Ay et al16 did not
compare with a control group and lag times reported in the
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p < 0.001
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Subject Group

Subject Group

Fig. 2 Comparison of thrombin generation parameters in cases and controls. (A) Mean lag time in cases was signiﬁcantly higher than in the
control group: 3.33  0.56 versus 3.0  0.41, p < 0.001. (B) Mean peak thrombin was higher in the cases compared with the control group:
322  54 versus 304  55, p ¼ 0.016. (C) Mean time to peak was higher in cases than in the control group: 6.20  0.99 versus 5.77  0.81,
p ¼ 0.007. (D) Cases had a signiﬁcantly higher mean ETP compared with the control group: 1,854  287 versus 1660  282, p < 0.001.

subject group prior to bariatric surgery were increased
compared with those seen in our study (this may be, in
part, due to different thrombin generation methodology).
This group reported a reduction in lag time following weight
loss.17 Fibrinogen, FVII, FPS, and free TFPI have previously
been reported as independent determinants of lag time in
healthy subjects measured at high tissue factor concentrations.26 We observed signiﬁcantly increased levels of these
parameters in the morbidly obese group compared with
controls, with positive correlations between these parameters and VAT. We propose that the increase in these
parameters is responsible for an in vitro effect of prolonged
lag time. This is supported by the ﬁndings of Brodin and
colleagues26 that increasing concentrations of TFPI increase
lag time with no effect on ETP or peak thrombin. The same
group reported that removal of native TFPI shortens the lag
time with no change on ETP and peak thrombin. TFPI acts on

activated FX (a) and VIIa-TF-Xa to regulate the initiation
phase of thrombin generation. FPS inhibits thrombin generation independent of activated protein C by potentiating
TFPI’s activity.28 Increased DDs have also been reported to
have an in vitro effect of prolonging lag time in patients with
acute myocardial infarction.29 DDs were higher in our morbidly obese group and this may be additional contributor to
the prolonged lag time observed. Of note, this is an in vitro
effect; increased DD, FPS, and TFPI are not associated with
bleeding in healthy individuals. Ttp is determined by initiation of coagulation (lag time) and rate of thrombin generation (velocity index); as there was no difference in velocity
index between morbidly obese and controls, the prolonged
ttP is a consequence of the initial prolongation in lag time.
Our study additionally investigated how morbid obesity and
fat distribution patterns inﬂuence known markers of hypercoagulability. We observed positive correlations between FVII,

Table 3 Correlation between fat distribution markers and general hemostatic markers in the morbidly obese
Variables
BMI
VAT

F VII
0.017
0.111

F VIIIlog
0.281



0.253



FIB

AT

0.323



0.263



PC

0.131
0.275

0.047


0.009

PAIlog
0.071
0.043

TFPI

FPS

0.246



0.341



D-dimerlog
0.202

0.096
0.337



0.003

Abbreviations: AT, antithrombin; BMI, body mass index; FIB, ﬁbrinogen; FPS, free protein S; FVII, factor VII; FVIII, factor VIII; PAI, plasminogen
activator inhibitor; PC, protein C activity; TFPI, tissue factor pathway inhibitor; VAT, visceral adipose tissue area.
Notes: Data are Pearson’s correlation coefﬁcients (R). Variables (FVIII, D-dimer, and PAI) were not normally distributed and logarithmic
transformation (log) was performed. Signiﬁcant coefﬁcients are indicated as follows: p < 0.001; 0.05 < p  0.001.
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Table 4 Correlation between fat distribution markers and thrombin
generation parameters in morbid obesity
Variable

Lag time


BMI

0.313

VAT

0.411

ETP

Peak

ttP

0.097

0.058

0.127

0.039

0.257

0.360

Abbreviations: BMI, body mass index; ETP, endogenous thrombin
potential; ttP, time to peak; VAT, visceral adipose tissue area.
Notes: Data are Pearson’s correlations (R). Signiﬁcant correlation
coefﬁcients are indicated as follows: p < 0.001; 0.05 < p  0.001.

FVIII, ﬁbrinogen, and FPS; both BMI and VAT; and a negative
correlation with antithrombin, in keeping with previous reports.26 Correlations were slightly stronger with BMI compared with VAT. Given both procoagulant factors and natural
anticoagulants were increased in the morbidly obese cohort, it
is difﬁcult to evaluate how each of these individual factors
inﬂuence overall thrombotic risk. This is overcome by measuring thrombin generation which provides an overall view of
“coagulability” as described earlier.30 VAT was found to be an
independent determinant of peak thrombin, lag time, and ttP.
Although prolongation of the lag time might suggest hypocoagulability, previous studies evaluating thrombotic risk suggest
ETP and peak thrombin provide the most consistent results and
are associated with both ﬁrst and recurrent VTE.22,31–35 This
suggests that fat distribution and, speciﬁcally, VAT may therefore modulate the risk of venous thrombosis, similar to previous reports of increased cardiovascular morbidity and
mortality associated with increased VAT.7–9
VAT is known to have endocrine function and to mediate
adipocytokine expression associated with metabolic abnormalities in obesity.36 We measured adiponectin, which
is inversely related to body fat mass and insulin resistance.
Low circulating levels are strongly associated with metabolic
syndrome.5 Adiponectin has been shown to directly modulate endothelial function by reducing the inﬂammatory
response to vascular injury with low levels reported as
Table 5 Multiple regression models of anthropometric,
biochemical markers as determinants of thrombin generation
ETP

Lag time


ttP
0.212

Peak


0.204

VAT

ns

0.341

Systolic BP

0.266

ns

ns

0.247

Diastolic BP

ns

ns

ns

0.236

Glucose

0.259

ns

ns

ns


Triglycerides

ns

ns

0.244

HDL

ns

ns

ns

ns

Cholesterol

0.264

0.234

0.275

ns

ns

Abbreviations: BP, blood pressure; ETP, endogenous thrombin potential;
HDL, high-density lipoprotein; ns, nonsigniﬁcant; ttP, time to peak; VAT,
visceral adipose tissue area.
Notes: For regression multivariate model, age, gender, ethnicity, and
smoking status were included as independent variables. Signiﬁcant
results are indicated as follows: p < 0.001; 0.05 < p  0.001.
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associated with increased risk of coronary artery disease.37
Adiponectin was signiﬁcantly lower in the morbidly obese
patients compared with controls. However, there was no
signiﬁcant difference between those with or without metabolic syndrome and adiponectin levels did not correlate with
VAT in our study. It is perhaps unsurprising that we did not
therefore observe any correlation between adiponectin and
thrombin generation parameters.
We did not identify any direct association between the
presence of metabolic syndrome and thrombin generation
parameters. This supports ﬁndings of Campello et al,17 who
found no association between metabolic syndrome and thrombin generation but a close relationship with BMI and waist
circumference (but not other components of the metabolic
syndrome) leading them to conclude that hypercoagulability is
closely related to fat mass.18 In contrast, we found no relationship between BMI and metabolic syndrome, but identiﬁed
signiﬁcantly increased VAT in those with metabolic syndrome.
Our study suggests not only fat mass but also fat distribution
mediates hypercoagulability in obesity. Of note, this ﬁnding
may have been inﬂuenced by the unselected inclusion of
participants with morbid obesity; while none had undergone
bariatric surgery, many were already on treatment for comorbidities associated with obesity such as hypertension, diabetes,
or hyperlipidemia. However, upon examining individual components of the metabolic syndrome, we observed the hypertension criterion as an independent determinant of both peak
thrombin and ETP, with fasting glucose also signiﬁcantly contributing to ETP, and triglycerides to ttP. There is increasing
evidence to suggest hyperglycemia constitutes a prothrombotic
state.37 To our knowledge, thrombin generation has not been
speciﬁcally studied in hypertension, hypertriglyceridemia, or
hyperglycemia.

Limitations
Due to the cohort size, and as we did not measure all coagulation factors, we were unable to evaluate independent determinants of thrombin generation parameters in the morbidly
obese. However, our aim was to establish whether morbid
obesity is associated with hypercoagulability and the role of
individual coagulation markers in evaluating this is dubious.
While there was no signiﬁcant difference in age or sex between
groups, there was a greater proportion of males in the control
group. Healthy females have lower FPS concentrations compared with men.26 However, as FPS was lower in the control
group, which had the smaller proportion of females, this does
not explain the difference detected between groups.
We used a high concentration, 5 pM of tissue factor for
thrombin generation and did not use thrombomodulin/Protac
to evaluate the protein C pathway. At the time of study, lower
concentrations of tissue factor (1 pM) were thought to be
associated with contact activation and collection of samples
with corn trypsin inhibitor (CTI) was considered necessary. We
selected a higher concentration of tissue factor to avoid the
need for CTI and potentially improve the reproducibility of the
study. Similarly, the use of Protac/thrombomodulin was not
standardized and we did not evaluate TG in its presence, we are
therefore not able to comment on the signiﬁcance of the
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protein C pathway. The additional use of these thrombin
generation assays may have enabled further elucidation of
the effects of increased FPS and TFPI observed in the morbidly
obese. We did not measure other adipocytokines or inﬂammatory markers and are therefore unable to comment further
on the mechanism by which VAT mediates hypercoagulability.
Adiponectin, the cytokine produced most speciﬁcally by VAT,
was not associated with thrombin generation parameters.
Other studies have reported positive correlations between
tumor necrosis factor-α, leptin, CRP and ETP.18

14 Ottaviani E, Malagoli D, Franceschi C. The evolution of the

Conclusion

18

Morbid obesity is associated with an altered thrombin generation proﬁle suggestive of hypercoagulability with increased
peak thrombin. Hypercoagulability appears to be mediated by
visceral adiposity, with VAT being a strong determinant for
peak thrombin. We suggest this relates to endocrine function
of VAT; further research is required to establish the underlying
mechanism.
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