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ABSTRACT
Metabolic syndrome (MetS) is a recognised risk factor for arterial thromboembolism. However, whether MetS is also a risk factor
for venous thromboembolism (VTE) is uncertain. PubMed, Embase, Web of science, and Cochrane databases were searched for
case-control and cohort studies as well as conference proceedings of the International society on Thrombosis and Haemostasis
(ISTH), and the Women's Health International Symposium Thrombosis and Hemostasis Branch (WHITH) published on or before
March 1, 2021, to identify eligible studies. All included articles were assessed by two investigators using the Newcastle–Ottawa
scale (NOS). We calculated odds ratios (ORs) and 95% confidence intervals (CIs) to evaluate the association between VTE and
MetS by using random or fixed-effects models. There were 31 case-control and 5 cohort studies with a total of 78,529 partici-
pants that fulfilled the inclusion criteria, MetS (OR 1.49; 95% CI 1.29–1.73) and its critical component obesity (OR 2.03; 95% CI
1.74–2.37), hypertension (OR 1.40; 95% CI 1.19–1.64) and diabetes mellitus (OR 1.22; 95% CI 1.01–1.48) were significant risk
factors for VTE. MetS and its critical component obesity may contribute to the multifactorial pathogenesis of VTE.
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INTRODUCTION

Venous thromboembolism (VTE) is the third leading cause of
cardiovascular death in the world besides myocardial infarction
and stroke.1,2 Surgery, pregnancy, hormone therapy, cancer,
and trauma are the acquired risk factors of VTE.3 As well as inter-
ventions for various risk factors, have not decreased the inci-
dence of VTE, and the cause of 30% of the patients with VTE is
still unknown.4 Therefore, further exploration of the etiology
and pathogenesis of idiopathic VTE, and seeking more effective
new ideas for the prevention and treatment of idiopathic VTE is
urgent.

Metabolic syndrome (MetS) is a general term for a class of risk
factors related to cardiovascular metabolism.5 Recent related
research  demonstrated that  the  arterial  and venous  throm-
boembolic  diseases  may  be  different  manifestations  of  the
same  chronic  non-specific  inflammatory  diseases.6-8  At  the
same time, a large number of studies have confirmed the MetS
and its critical component, obesity, may affect all the compo-
nents  of  Virchow's  triangle  (coagulation  disorders,  slowed
blood flow, and endothelial damage).9-11
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As the co-mediating factors of inflammation and coagulation
disorder, MetS and obesity may be considered as the primary
risk factors for thromboembolic disease. However, the associa-
tion between idiopathic VTE and MetS and its components has
not been fully established. This meta-analysis was conducted to
determine the risk of idiopathic VTE in MetS.

METHODOLOGY

This  research followed the  PRISMA statement  of  systematic
review and meta-analysis. No Ethics Committee approval was
necessary for meta-analysis.

PubMed, Embase, Web of Science, Cochrane databases and
conference proceedings of the International Society on Throm-
bosis and Haemostasis (ISTH), Women's Health International
Symposium  Thrombosis  and  Haemostasis  Branch  (WHITH),
were searched by using the key words: venous thromboem-
bolism or pulmonary thromboembolism or deep vein throm-
bosis and metabolic syndrome or X syndrome or obesity or body
mass  index  or  hypertension  or  diabetes  mellitus  or  triglyc-
erides.

Studies  were  included  if  they  were  case-control  or  cohort
studies on the patients with idiopathic VTE and MetS or compo-
nents of MetS, especially obesity published on or before March 1
2021. Studies that were duplicate reports of reviews, cross-sec-
tional studies, case reports or studies with no comparable data
were excluded.

Study  selection  was  independently  performed  by  the  two
reviewers  (Abuduhalike  and  Yadav)  with  disagreements
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resolved through discussion and by seeking the opinion of a
third reviewer (Sun), whenever needed to reach the consensus.
Only studies reporting on objectively confirmed diagnosis of
idiopathic VTE, were included in the final data set.1

Information regarding the year of publication, study design, the
country where the research subjects are located, the sample
size and the control group, the definition of VTE used and MetS,
the adequacy of exposure, and the length of follow-up years
were retrieved about all the selected studies. All the included
articles were assessed by the two investigators (Abuduhalike
and Yadav) using the NOS scale.12 The NOS scale comprises a
total of 8 items, with a full score of 9 points. All the studies with a
NOS score of ≥6 are considered high-quality studies, with rela-
tively reliable results. All the authors discussed together before
deciding the NOS score for each selected study.

The results of the studies were collected using Review Manager
(RevMan), version 5.3 for the Windows (The Cochrane Collabora-
tion 2003, Oxford, England). The authors calculated odds ratios
(ORs) and 95% confidence intervals (CIs) to estimate the risk for
each factor by using the random or fixed-effects model. Statis-
tical heterogeneity was evaluated with χ2 and I2 statistics, which
assess the appropriateness of collecting the individual study
results.13 For I2 ≥50%, a random-effects model was used, other-
wise, a fixed-effects model was used in accordance with the
Cochrane review guidelines.  Publication  bias  was  evaluated
using funnel plots.

RESULTS

Seven thousand five hundred and ninety studies were iden-
tified  using  the  search  strategy,  out  of  which  7,511  were
excluded after scanning the titles and abstracts. In order to
avoid the influence of confounding factors on the results of this
meta-analysis,  surgery,  pregnancy,  and cancer  related VTE
were not included in this study. After excluding irrelevant arti-
cles based on the process illustrated in Figure 1, 31 case-con-
trol and 5 cohort studies with a total of 78,529 participants were
eventually included in the meta-analysis. NOS score was deter-
mined for all the selected studies. All the studies with an NOS
score  of  ≥6  were  considered  high-quality  studies,  and  the
results were relatively reliable.

As shown in Figure 2, 5 case-control and 2 cohort studies evalu-
ated the association between VTE and MetS.14-20 After a general
assessment of the OR values of all the included studies, it can
be deduced that the individuals with MetS have a higher risk of
VTE than those without MetS (OR 1.49; 95% CI 1.29–1.73). The
heterogeneity among the 5 case-control studies and 2 cohort
studies included in this analysis was extremely low (I2 = 0%).
There was a moderate degree of heterogeneity between the
case-control and cohort studies (I2 = 41%). As only 5 case-con-
trol studies and 2 cohort studies were included, publication bias
analysis was not required.

As shown in Figure 3, 17 case-control and 3 cohort studies evalu-
ated the effect of obesity on VTE. 14,16-18,21-36 Body mass index ≥30

Kg/m2 was grouped together and defined as obesity. As can be
seen from the forest plot, whether in case-control or cohort
studies, obese subjects have a higher risk of developing VTE
than non-obese subjects (OR 2.03; 95% CI 1.74–2.37).

There  was  high  heterogeneity  among  the  17  case-control
studies included (I2=64). Heterogeneity could not be signifi-
cantly reduced after subgroup analysis based on the quality of
the included studies, the year of publication, the total number of
subjects  included,  and  the  source  of  the  study  population.
Finally, the source of heterogeneity was analysed by the step-
wise elimination method, and it was determined that the hetero-
geneity  obviously  decreased  after  elimination  of  the  study
published by Hotoleanu et al. (I2=56). A moderate degree of
heterogeneity (I2=58%) was found between the case-control
studies and cohort studies included in this section, therefore, it
is  believed that the heterogeneity originates from the large
number of case-control studies and the comprehensive effect of
the quality, included subject numbers, and the inclusion and
exclusion criteria among the included studies.

Figure 1: The process of article selection.

Figure 2: Forest plot of the relationship between VTE and MetS.



Idiopathic  venous thromboembolism and metabolic  syndrome

Journal  of  the College of  Physicians and Surgeons Pakistan 2022,  Vol.  32(07):  909-914 911

Figure 3: Forest plot of the relationship between VTE and obesity.

Figure 4: Funnel plot of the relationship between VTE and hypertension.

Figure 5: Forest plot of the relationship between VTE and diabetes mell-
itus.

Figure 6: Forest plot of the relationship between VTE and triglycerides.

In order to avoid the high publication bias, the authors enlarged
their search terms, identified a large number of studies in the
multiple databases and conducted detailed reviews. Therefore,
this section includes a large number of studies published from
2000 to 2020. The funnel plot reveals that moderate publication
bias exists among the included studies. It is believed that there
are many sources of publication bias and the difficulties of the
publication of research papers with negative statistical results,
is a common problem worldwide. Consequently, the hetero-
geneity and publication bias could have affected results to a
certain extent.

As shown in Figure 4, 14 case-control studies examined the asso-
ciation between hypertension and VTE.1,17,19,21,23-26,29-34 Patients
with hypertension (OR 1.40; 95% CI 1.19–1.64) were at higher
risk of developing VTE, with statistical heterogeneity among the
studies (I2=65%, p<0.001). After a subgroup analysis by step-
wise elimination, it was determined that the heterogeneity was
significantly improved after removing the article of Di Minno et
al. (I2=27%).24

As shown in Figure 5, 15 case-control studies investigated to
examine  the  association  between  diabetes  mellitus  and
VTE.17-19,23-25,29-33,35-38  Patients  with  Diabetes  mellitus  were  at
higher risk of VTE (OR 1.22; 95% CI 1.01–1.48) with statistical
heterogeneity among the studies (I2=60%; p=0.001). In order
to find the source of heterogeneity, the selected papers were
divided into three groups for subgroup analysis based on the
total number of subjects (n≥1000, 500≤n<1000, n<500). The
results of the subgroup analysis suggest that the heterogeneity
mainly  originates  from  the  papers  with  a  total  number  of
subjects from 500 to 1000.

As shown in Figure 6,10 case-control studies evaluated the asso-
ciation between triglyceride levels and risk of VTE.16,29-33,39-42 The
level of measured triglycerides was higher in patients with VTE
than in controls (Standardised Mean Difference (SMD) 0.14;
95%  CI  0.09–0.19)  with  medium  statistical  heterogeneity
among the studies (I2 =62%; p=0.002).

DISCUSSION

The association between MetS and VTE has been studied for
nearly 20 years, but no clear consensus has been achieved and
the underlying mechanisms have not been elucidated. In clin-
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ical practice, the authors emphasise the importance of interven-
tion  for  MetS  in  the  patients  with  arterial  thromboembolic
diseases, but when the patients at higher risk of developing idio-
pathic VTE are encountered, the importance of intervention for
MetS is often not stressed. The results suggest that MetS (OR
1.49; 95% CI 1.29–1.73) is the significant risk factor for VTE, and
further confirmed the importance of early intervention for MetS
to prevent idiopathic VTE. In addition, the NOS evaluation of the
included studies is shown as high-quality (NOS Scale ≥6) with
extremely low heterogeneity (I2 = 0), thereby demonstrating
the reliability of our results.

Obesity is a serious, global health problem. The latest report of
the World Health Organization (WHO) revealed that in 2016, 1.9
billion of the world’s adults were overweight and more than 650
million  were  obese.37  Since,  the  exact  amount  of  risk  that
obesity contributes in idiopathic VTE has not been ascertained,
the  results  clearly  suggest  that  obesity  (OR  2.03;  95%  CI
1.74–2.37) is the main risk factor in idiopathic VTE. There is high
heterogeneity (I2=64) in this part of the study and the hetero-
geneity obviously decreased after the elimination of the study
published by Hotoleanu et al. (I2=56). The funnel plot results
reveal that there is publication bias among the included studies.
Therefore, it is believed that there are many sources of publica-
tion  bias  and  the  difficulties  of  the  publication  of  research
papers with negative statistical results, is a common problem
worldwide.

The findings of this meta-analysis reveal that some components
of the MetS, namely hypertension (OR 1.40), and diabetes mell-
itus (OR 1.22) are significantly associated with the risk of VTE. In
addition, triglycerides levels were significantly higher in VTE
patients with MetS compared to controls, an established fact,
but  without  significant  association  with  the  risk  of  VTE.
However, the analysis is unable to determine whether MetS is a
stronger risk factor than each of these three components in
isolation. Nevertheless, these findings could indicate that MetS
may be one element of the multifactorial pathogenesis of VTE.
However,  although an association exists  between MetS and
some of its components with the risk of VTE, a direct causality
link is difficult to establish.

In order to reveal the intrinsic pathophysiological relationship
between MetS and idiopathic VTE, the authors consulted a large
number of studies and found that the potential causes of MetS
and obesity increasing the risk of VTE may be related to the
factors  such  as  increased  coagulation  activity,  vascular
endothelial injury, venous blood stasis, oxidative stress, and
chronic  inflammation.10,11,38-46  At  the  same  time,  coagulation
disorder, slowed blood flow, and endothelial damage are the

key components of Virchow，s triangle.9,47-49 In addition, adipose
tissue can also secrete leptin, which up-regulates the expres-
sion of tissue factors, thereby, promoting the pre-thrombotic
state.43,44 The mechanism of idiopathic VTE caused by MetS and
its components are more complicated, but eventually lead to
idiopathic VTE after causing the lesions of various components

of Virchow's triangle. The above research results support the
results of findings and further reveal the pathophysiological
mechanism of idiopathic VTE caused by MetS. Finally, weight
loss and exercise prescription may reduce the risk of VTE associ-
ated with metabolic syndrome and obesity,  which cannot be
ignored in our clinical practice, particularly in the later stage.39,50

There are several potential limitations in this study. First, there
is some degree of heterogeneity in the included studies, which
could  indicate  differences  in  the  population  demographics,
sample size, patient characteristics, and exposure misclassifi-
cation due to variation in the accuracy of monitoring, which
decreases the scientific validity of the meta-analysis and its
conclusions.  Second,  the  included  studies  have  been
conducted over different time periods (2000–2021), and it is
unclear how changing clinical practices and the introduction
and  uptake  of  new  diagnostic  and  therapeutic  approaches
could  have  influenced  referral,  treatment,  and  diagnostic
patterns. Another interesting aspect of this study is that the risk
of obesity for idiopathic VTE (OR 2.03) is higher than the risk of
MetS (OR 1.49).  The reason may be related to the included
studies on the association between MetS and VTE, which may be
relevant to the small  number of  studies,  small  sample size,
major retrospective studies, and the impact of merging hetero-
geneous data  on the results.  In  addition,  the  asymmetry  of
funnel plots is a common defect of the most meta-analyses. A
possible reason for the asymmetry of the funnel plot is that the
works with positive results are more easily accepted by jour-
nals, whereas research with negative results, is less likely to be
published by journals.

CONCLUSION

MetS (OR 1.49; 95% CI 1.29–1.73) and its critical components:
obesity (OR 2.03; 95% CI 1.74–2.37), hypertension (OR 1.40;
95%  CI  1.19–1.64)  and  diabetes  mellitus  (OR  1.22;  95%  CI
1.01–1.48), significantly increase the risk of idiopathic VTE. In
future clinical practice, clinicians need to be more attentive to
the danger of MetS in the high-risk idiopathic VTE patients and
focus on the role of weight loss prescriptions on the prevention
of idiopathic VTE. On the basis of this meta-analysis, further
multi-centred,  prospective,  cohort  studies  are  required  to
further  confirm the  impact  of  MetS  intervention  on  primary
prevention of idiopathic VTE.
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