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Abstract

Background & Objective: There is no data about the significance of the metabolic syndrome (MeS)
for the development of cerebral venous and sinus thrombosis (CVST). We investigated the association
of metabolic syndrome in a consecutive series of patients with CVST. Methods: This is a case—control
study, where consecutive patients of CVST and control subjects were assessed for MeS according to the
National Cholesterol Education Program criteria. The prevalence of the MeS was compared between
patients with CVST and controls. Results: We enrolled 58 patients with a first episode of CVST and
129 controls. In univariate analysis, MeS was significantly more common in CVST patients than in
controls [Patients 28 (48.3%), control 28 (21.7%); odds ratio (OR) 3.36; 95% confidence interval (CI)
1.77,6.53, p<0.001]. After adjustment for age and sex, we found OCP usage (OR 22.7; 95% CI1 7.75,
66.66, p<0.001) and the MeS (OR 3.26; 95% CI 1.15, 9.25, p=0.02) to be independently associated
with CVST. When coexistence of OCP usage and MeS was considered as a variant in univariate
analysis comparing CVST patients and controls, we found association with CVST to be even higher
(OR 47.6; 95% CI 591, 333.3, P< 0.001). Conclusion: CVST is a disease with multiple risk factors
and coexistence of MeS and OCP usage can potentiate the risk of CVST occurrence.
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INTRODUCTION

The metabolic syndrome (MeS) is a cluster of risk
factors for atherosclerosis, including abdominal
obesity, hypertension, insulin resistance,
dyslipidemia with high triglycerides, and low
high-density lipoprotein (HDL) cholesterol.!?
On the other hand, venous thromboembolism
(VTE) and atherosclerosis may share common

of increased plasma levels of plasminogen
activator inhibitor-1, fibrinogen, factor (F) VII
and FVIII, and von Willebrand factor, and as a
results of endothelial activation as expressed by
increased circulating adhesion molecules ICAM1
and VCAM1.""® Whether this hypercoagulable
factors predisposes patients to VTE is unknown.

Data from two studies on the association of
the MeS with VTE are currently available.!*?

risk factors such as general and abdominal
obesity.> There is growing data for an association
between venous thromboembolism (VTE) and
atherosclerosis.*® The MeS affects approximately
21 % of the population in central area of Iran.!
Its significance in development of cerebral venous
sinus thrombosis (CVST) has not been previously
studied.

Individuals with MeS have a significantly
increased risk of developing cardiovascular
disorders!!, probably because of a blood
hypercoagulability that may occur as a result

In these studies, patients with a history of deep
vein thrombosis (DVT) had a higher prevalence
of the MeS than control subjects. Although in
several studies MeS was also recognized as an
independent risk factor for arterial stroke®*,
only one recent study showed that obesity is
associated with a substantially increased risk
of cerebral vein thrombosis in women who use
oral contraceptives® there is no data about the
significance of the MeS for the development of
CVST. Therefore the aim of this study was the
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association of the MeS in a consecutive series
of patients with CVST in comparison to control
subjects.

METHODS

Patients of more than 14 years with a diagnosis
of CVST confirmed by digital angiography or
magnetic resonance imaging (MRI) with and
without contrast, MR venography (MRV), or
plain and contrast CT scan magnetic resonance
angiography in Al-Zahra and Kashani Hospital
of Isfahan University of medical sciences from
Jan 2011 till Jan 2014 were included. The study
was approved by the research ethics committee
of Isfahan University of Medical Sciences and
all subjects and controls had signed the informed
consents. All patients and controls were Iranian
Caucasians. We excluded CVST patients who had
surgically modified their waist circumference;
pregnancy, puerperium, severe weight loss; cancer,
chronic infection or inflammation.

All patients were asked to bring at least
one healthy control of the same age, and racial
background, and with no clinical sign and
symptom and history of thrombosis or be of first
degree relatives. Female control must not to be
pregnant or have had a recent delivery (up to 6
weeks). These constitute 89.1% of the control
group. Physicians and health care workers from
the hospital who volunteered served as 10.8% of
the controls.

The following data was collected from both
patients and controls: age, sex, weight, height,
body mass index (BMI), waist circumference,
history of symptomatic atherosclerosis (i.e.
ischemic stroke, transient ischemic attack, acute
myocardial infarction, angina, or intermittent
claudication), known hypertension, known
diabetes mellitus, known hyperlipidemia, smoking
status, current use of heparin, oral anticoagulant
drugs or antiplatelet agents, current or previous
use of antihypertensive drugs, antidiabetic diet
or drugs, and lipid lowering drugs. Subsequently,
all patients underwent the measurement of blood
pressure, fasting glucose, HDL cholesterol,
triglycerides levels. Body weight was measured
in light underwear by a precision scale to the
nearest 0.5 kg and body height was measured
by a precision meter to the nearest 0.01 meters.
BMI were calculated as body weight (kg) divided
by the square of the height (m). A normal BMI
is between 20.0 and 25.0 kg/m?, overweight
is defined as a BMI of 25.1-29.9 kg/m* and
obesity was considered as a BMI of 30 kg/m *or
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greater.> The circumference of the waist was
measured with a retractable steel tape, with the
subject in the standing position, as described by
Ashwell et al. (26). The waist was measurement
to be recorded was the smallest girth between
the rib cage and the iliac crest. Blood pressure
was measured in the right arm, with subject in
the supine position after 10 min rest by using
a mercury sphygmomanometer of appropriate
cuff size. Two measurements were repeated
subsequently repeated after 5 min and after 10
min from the first measurement. The mean of
the three measurements were considered. Venous
bloods drown from an antecubital vein with
plastic syringes after an overnight fast and will
be collected in polystyrene tubes. Glucose, HDL
cholesterol, and triglycerides were determined in
fresh plasma. The time interval between CVST
event and physical measurement and blood
collection was at least 6 weeks.

The MeS was based by the presence of three
or more of the following risk factors according
to the National Cholesterol Education Program
(NCEP) guidelines': abdominal obesity (i.e. waist
circumference of greater than 102 cm for men and
of greater than 88 cm for women), triglycerides
levels equal to or greater than 150 mg/dL, HDL
cholesterol of lower than 40 mg/dL for men and of
lower than 50 mg/dL for women, blood pressure of
equal to or greater than 130 and/or 85 mmHg, and
fasting glucose levels equal to or greater than 110
mg/dL. Patients currently receiving drug therapy
for hypertension, diabetes, or dyslipidemia (only
statins) were defined as having those components
of the metabolic syndrome. All patients were work
up for etiologic factors of CVST.

Statistical analysis

Patients were classified into two groups for
the purposes of primary analysis (CVST and
controls). The clinical characteristics of patients
were compared with Student’s t-test (for
continuous variables) and the chi-squared test
(for dichotomous variables) and Odds ratios
and 95% confidence intervals. The influence of
individual variables (age, sex, OCP usage) and the
MeS on the likelihood of CVST were compared
using logistic regression analysis. Multivariable
analysis was subsequently performed with age
and sex, each of the components of the MeS in
the place of the MeS and OCP for female groups.
By considering alpha=0.05 and a power level
of 0.8, according the data in previous study in
VTE", the sample size was calculated as 170.



The multivariate analysis was performed using
SPSS 13 (SPSS Inc., Chicago, IL, USA). Finally,
information on patients with CVST was reported
by means of descriptive analysis.

RESULTS

Atotal of 58 patients with a first episode of CVST
admitted to the Al Zahra hospital, Isfahan, Iran and
129 controls were enrolled in the study. Baseline
characteristics of patients with CVST and controls
are summarized in Table 1. Presenting symptom
in CVST cases were 56 (96.5%) headache, 25
(43.1%) papilledema, 22 (37.9%) focal weakness,
and 16 (27.5%) seizure. All of the patients were
treated with heparin or enoxaparin followed by
oral anticoagulant. Forty seven patients (81.03%)
were able to achieve independence (MRS<3) and
mortality was seen in 5 patients (8.6%). Multiple
sinus involvement was found in 25 patients
(43.1%), lateral sinus in 10 patients (17.2%),
sagittal sinus in 7 patients (12.06%), and deep
cerebral venous system in 2 patients (3.4%).
OCP was the most common thrombophilic risk
factor (62.8%) in our female patients, follow by
polycythemia in 4 (6.8%), Hyperhomocysteinemia
4 (6.8%) and antiphospholipid syndrome in 1
(1.7%).

Table 1: Baseline characteristics

Metabolic syndrome

In univariate analysis, the MeS was significantly
more common in CVST patients than in controls
[28 (48.3%), 28 (21.7%); odds ratio (OR) 3.36;
95% confidence interval (CI)1.77,6.53,p<0.001].
Among individual components of the MeS, waist
circumference of greater than 102 cm in males
and 88 cm in females, glucose level more than
110 mg/dL. and HDL levels less than 40 mg/
dL in male and 50 in female were significantly
more common in CVST patients than in controls
(Table 2).

Table 3 showed multivariable analysis (age,
MeS, OCP usage) performed comparing CVST
patients and controls. This analysis found OCP
usage and the MeS to be independently associated
with CVST. When coexistence of OCP usage and
metabolic syndrome was considered as a variant in
univariable analysis comparing CVST patients and
controls, we found independently association with
CVST with higher OR (OR 47.6; 95% CI 591,
333.3, P< 0.001). When all previous variables
and the individual components of the MeS in
the place of MeS were subsequently adjusted for
potential confounders, we found no component
were independently associated with CVST.

CVST Controls P-values
(n=58) (n=129)
Mean age, years (SD) 38.01 (12.2) 36.03 (11.3) P=0.28
Sex, n (%)
Female 43 (74.1) 95 (73.6) P=0.54
Male 15 (25.9) 34 (26.4)
BMI (SD) kg/ m2, 27.1 (54) 25.6 (5.2) P=0.22
Smokers, n (%) 5203) 6 (4.7) P=0.56
History of symptomatic atherosclerosis, n (%) 2(34) 2 (1.6) p=036
Mean HDL, mg/ dl (SD) 414 (8.5) 49.3 (9.5) P<0.001"
Mean triglycerides, mg/ dl (SD) 136.7 (58.2) 128.7 (54.4) P=0.36
Mean glycemia, mg/dl (SD) 94.0 (18.5) 904 (19.2) P=0.23
Mean systolic blood pressure, mmHg (SD) 116 (13.1) 113 (14.1) P=0.18
Mean diastolic blood pressure, mmHg (SD) 70.6 (10.6) 71.4 (11.9) P=0.65
Ongoing antihypertensive therapy (%) 5 (8.6) 9 (7.0) P=0.44
Ongoing therapy for diabetes (%) 8 (13.8) 8 (6.2) P=0.07
Oral contraceptive usage (%) 27 (62.8) 6 (6.3) P<0.001"
Past history of anticoagulant drugs 0 (0%) 0 (0%) -
Past history of antiplatelet drugs 0 (0%) 2 (1.5%) P=0.47

BMI, body mass index; CVST, cerebral vein and sinus thrombosis; HDL, high-density lipoprotein; * significant; SD,

standard deviation.
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Table 2: Univariate analysis examining the components of the metabolic syndrome

CVST Control OR (95% CI) P value
Waist circumference 34(58.6) 50(38.8) 2.23(1.19, 3.53) 0.009"
> 102/88 cm n (%)
Blood pressure 6(14.0) 6(6.3) 2.40(0.72,7.93) 0.12
> 130/85 mm/ Hg, n (%)
Triglycerides 31(18) 36(27.9) 1.16(0.59, 2.88) 0.39
> 150 mg /dL, n (%)
HDL cholesterol 31(53.4) 45(34.9) 2.14(1.14, 4.03) 0.01°
<40/50 mg/ dL n (%)
Glucose 14(24.1) 12(9.4) 3.07(1.32,7.14) 0.007"

> 110 mg /dL n (%)

CVST, cerebral vein and sinus thrombosis; OR, odds ratio; CI, confidence interval; HDL, high-density lipoprotein,

*significant.

When stratify the result by sex, in female
the analysis remained significant [22 (51.2 %),
20(21.1%); OR 4.4;95%,CI 1.8, 8.54, p<0.001],
however in male the result was not significant
[6(40.0%), 8(23.5%); OR 2.16; 95%, CI 0.58,
7.93, p=0.20].

DISCUSSION

To our knowledge this is the first study that
explores the relationship between CVST and the
MeS. We found that patients with CVST have a
significantly higher prevalence of the MeS than
control subjects. The presence of the MeS was
independently associated with a three-fold higher
risk of CVST. In particular, despite a similar mean
BMI, univariate analysis found that patients with
CVST had a greater waist circumference, more
adverse lipid profile and higher serum glucose
level than controls. With stratification of the
result by gender, only in female did the analysis
remain significant with four-fold higher risk.
Multivariable analysis revealed that the MeS is an
independent predictor of CVST after adjustment
for age, sex, and OCP. Coexistence of OCP and

MeS was independently associated with 40-fold
higher risk of CVST.

Our results is consistent with the findings from
two previous case-control study, which suggest
the MeS associated with two-fold higher risk for
VTE."”? Our study further discloses that patients
with CVST were more likely to display risk factors
for atherosclerosis than control subjects.

The MeS is a well-known risk factor for the
development of atherosclerotic cardiovascular
disease. Abdominal obesity, defined by a waist
circumference of greater than 102 cm for
men and of greater than 88 cm for women,
dyslipidemia, arterial hypertension and diabetes
is an independent risk factor for coronary heart
disease?’, and has been previously found to predict
VTE‘28-31

In our study, only three individual components
(HDL cholesterol, glucose level, waist
circumference) of the MeS were consistently
associated with CVST, and yet the MeS was
shown to be an independent predictor of CVST,
which would argue in favor of the hypothesis
that it is not the presence of a single component,
but rather the collection of multiple components

Table 3: Multivariable logistic regression model of age, oral contraceptive and metabolic syndrome

in case and control group

Multivariate logistic regression

Variables

* OR ** CI P
OCP usage 22.7 7.75-66.66 <0.001
Metabolic syndrome 3.26 1.15-9.25 p=0.02
Age 1.01 1.05-0.73 P=0.644

*(Qdd Ratio, ** Confidence Interval
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of the MeS that is essential. These findings are
similar to case-control studies about VTE and
Mes.19,20

Some previous studies showed the fibrinogen
and factor VIII can be as a risk factor for
CVST.3>3* Therefore, the important underlying
pathophysiological mechanism for occurrence
of CVST in MeS and obese could be mediated
through hypercoagulability due to increased
levels of fibrinogen, PAI-1, factor VIII and
decreased fibrinolytic potential in MeS and obese
patients 2151633

We showed that with stratification of the
result by gender, only in female did the analysis
remain significant with four-fold higher risk.
Rudnicka et al.’s study indicated that associations
between C reactive protein, fibrinogen and tissue
plasminogen activator antigen and MeS and its
components were stronger in female than in male.
These findings can be important in understanding
the female predominance of MeS in CVST
patients .

In multivariate analysis, we found that OCP
and metabolic syndrome was independently
associated with a 22 and 3 -fold higher risk of
CVST respectively. However, coexistence of these
factors increased the risk of developing CVST,
more than 47-fold. This suggests that CVST is
a disease with multiple risk factors and if the
coexistence of these factors such as MeS and
OCP appear, the chance of CVST occurrence will
progressively increase. This is similar to previous
study which that showed that in women who used
oral contraceptives, was overweight and obese;
were associated with an increased risk of CSVT.?*

Our study has several limitations. First,
thrombophilia was only investigated in CVST
patients, not in control group. However, its impact
on the results of our analysis is likely to be low,
because OCP as the most common thrombophilic
factor in both groups was investigated, and the
frequency of the other thrombophilic factor in
CVST group was low. Second, 10 % of control
group were volunteer physicians and health
care workers from the hospital. These controls
introduced a bias, because they maybe more likely
to be aware of the importance of weight control
for health and may not accurately the general
population. However, the observed prevalence
of MeS in our control group is almost the
same as that reported previously in the general
Iranian population'®, thus suggesting that our
control group is rather reflective of the general
population. Third, we included CVST patients
from two university hospitals . There were another
three hospitals with neurology ward in Isfahan

that were not included. It can lead to selection
bias. However, the hospital information system
(HIS) of the two hospitals included was more
comprehensive, with better patient information
such as medication and history of thrombosis.
Fourth, we used NCEP criteria for the diagnosis
of MeS, but there is also modified version with
Asia—Pacific criteria for obesity based on BMI
(>25 kg/m2) or waist circumference (>90 cm for
men, >80 cm for women). However, although
modified criteria is more appropriate for East Asia,
the Middle East and Iran are racially Caucasian.
Thus, the original criteria may be more suitable
for our study.

In conclusion, the results of our study suggest
that the MeS, beside its well-recognized impact
on atherosclerotic cerebrovascular disease, is also
a considerable risk factor for CVST especially for
female and may contribute to the multifactorial
pathogenesis of CVST. Thus, identification,
treatment and prevention of the MeS including
lifestyle changes and management to control
components of the syndrome; and avoidance of
OCP in patients with MeS may help to prevent
the occurrence of CVST. However, further multi
centric prospective case-control study with larger
sample with analysis that include all CVST
risk factors is needed to confirm MeS as an
independent risk factor for CVST.
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