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Abstract. Background: Several chronic inflammatory disorders, such as rheumatoid arthritis, inflammatory
myositis and systemic lupus erythematosus, have been linked to an increased risk of venous thromboembolism
(VTE). However, the data on sarcoidosis is unclear. Objectives: To evaluate the risk of VTE among patients with
sarcoidosis. Methods: We conducted a systematic review and meta-analysis of observational studies that reported
odds ratio, relative risk, hazard ratio or standardized incidence ratio comparing risk of VTE in patients with sarcoidosis versus non-sarcoidosis participants. Estimated effects were extracted from each study and were pooled
together using the random-effect, generic inverse variance method of DerSimonian and Laird. Result: Out of
772 potentially relevant articles, three eligible studies were identified and included in the data analysis. The
pooled risk ratio of VTE in patients with sarcoidosis was 1.42 (95% CI, 1.12-1.79). The statistical heterogeneity of this study was moderate with an I2 of 72%. Conclusion: Our study demonstrated a statistically significant
increased VTE risk among patients with sarcoidosis. (Sarcoidosis Vasc Diffuse Lung Dis 205; 32: 182-187)
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Introduction
Venous thromboembolism (VTE) is one of the
major medical problems with a reported incidence of
1-2 cases per 1,000 person-years (1, 2). Deep venous
thrombosis (DVT) of the lower extremity and pulmonary embolism (PE) are the most common subReceived: 3 April 2015
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type. VTE is associated with a significant morbidity
and mortality as one study showed that patients with
PE had a 90-day mortality rate as high as 15% (3).
Several medical conditions, such as hospitalization,
trauma, surgery, malignancy, thrombophilic state and
use of certain medications are well recognized as its
risk factors (4, 5).
Several auto-immune diseases, such as systemic
lupus erythematosus, rheumatoid arthritis, inflammatory myopathy, psoriasis and inflammatory bowel
disease have been increasingly recognized as predisposing factors for VTE (6-10). Several in vivo and in
vitro studies have suggested that chronic inflamma-
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tion might serve as the cornerstone of the relationship between these two conditions (11-12).
Sarcoidosis is a chronic inflammatory disorder
of unclear etiology that typically affects the lungs but
can virtually affect any organs. Presence of non-caseating granuloma is the histopathological hallmark
of the disease. The clinical course of sarcoidosis can
range from an acute self-limiting process to a chronic
progressive process with significant morbidity and
mortality. The disease is generally categorized into
two subgroups, pulmonary and extra-pulmonary sarcoidosis, based on the site of involvement (13, 14).
The incidence of sarcoidosis varies from 6.1 to
71 per 100,000 person-years with a peak incidence
in males 30 to 39 years old and in females 40 to 49
years old. This disease has no sex predilection. Survival, compared with that of the general population,
appears to be unimpaired (15-17). Racial differences
are observed (16).
As observed in other autoimmune diseases, patients with sarcoidosis have a higher inflammatory
burden compared with the general population and,
thus, might have a higher likelihood of developing
VTE. Nonetheless, epidemiological data is limited
and inconclusive. Therefore, to further investigate
this possible association, we conducted a systematic
review and meta-analysis of observational studies
that compared the VTE risk in patients with sarcoidosis versus non-sarcoidosis participants.
Methods
Search strategy
A literature search of published studies indexed
in MEDLINE and EMBASE database from inception to February 2015 was independently performed
by two investigators (P.U. and N.S.) using the search
strategy described in Supplementary data 1, without
any language restriction. Manual search of references
of selected retrieved articles was also performed.
Inclusion criteria
The inclusion criteria were: 1. Cohort studies
(either prospective or retrospective) or case-control
studies published as original study comparing risk of
VTE between sarcoidosis and non-sarcoidosis par-

ticipants 2. Odds ratio (OR), relative risk (RR), hazard ratio (HR) or standardized incidence ratio (SIR)
with 95% confidence interval (CI) were provided,
and 3. Non-sarcoidosis participants were used as a
reference group for cohort study while participants
without VTE were used as a control group in casecontrol study.
Study eligibility was independently determined
by the two investigator noted above. The senior investigator (C.T.) supervised the review process and
settled disagreements on the study eligibility. Newcastle-Ottawa quality assessment scale was used to
appraise the quality of the included studies. This scale
assessed each study in three areas including 1.The selection process of the cohorts 2.The comparability
between the cohorts and 3. The ascertainment of the
exposure for case-control study and the outcome of
interest for cohort study (18).
Data extraction
A standardized data collection form was used to
extract the following information: title of the article,
name of the first author, year of publication, study
location, study size, characteristic of study population, method used to diagnose sarcoidosis and VTE,
duration of follow up (for cohort study), adjusted effect estimates with 95% CI and covariates that were
adjusted in the multivariable analysis. If additional
data was considered to be necessary, the authors of
the original studies would be contacted.
To ensure the accuracy of data extraction, this
process was independently performed by three investigators (P.U., N.S. and K.W.). Any data discrepancy
was also resolved by consensus.
Our study was not directly involved with human subjects and, thus, was exempted from ethics
approval.
Statistical analysis
Data analysis was performed using Review
Manager 5.3 software from the Cochrane Collaboration. Adjusted point estimates and standard errors
were extracted from each study and were combined
by the generic inverse variance method of DerSimonian and Laird (19). As the outcome of the studies
was relatively uncommon, we used the OR of casecontrol study as the estimate of RR to pool this data
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with RR or HR of cohort study. In light of the high
likelihood of between study variance, we used a random-effect model rather than a fixed-effect model.
Cochran’s Q test and I2 statistic were used to determine the between-study heterogeneity. A value of I2
of 0% to 25% represents insignificant heterogeneity,
more than 25% but less than or equal to 50% represents low heterogeneity, more than 50% but less than
or equal to 75% represents moderate heterogeneity,
and more than 75% represents high heterogeneity
(20).
Result
Our search strategy yielded 772 potentially relevant articles (152 articles from Medline and 620
articles from EMBASE). After exclusion of 146
duplicated articles, 626 of them underwent title and
abstract review. Six hundred and fourteen articles
were excluded as they were clearly not observational
studies, were review article or were not conducted in
patients with sarcoidosis, leaving 12 articles for fulllength article review. Seven of them were excluded
since they did not report the outcome of interest
(VTE) while one of them were excluded since it was
descriptive study without a control group (21). Another article was excluded as the authors used death
certificates to identify cases of sarcoidosis and VTE,
leading to a serious concern of incompleteness of diagnosis. This study was also at a substantial risk of
selection bias as it recruited only patients who passed
away (22).
Therefore, a total of three studies (two retrospective cohort studies and one case-control study)
met our eligibility criteria and were included in the
data analysis (23-25). Figure 1 outlines our literature
search and review process. The main characteristics
and the Newcastle-Ottawa scale of the included
studies are illustrated in Tables 1.
The pooled risk ratio of VTE of subjects with
sarcoidosis versus controls was 1.42 (95% CI, 1.121.79). The risk ratios from individual study were
fairly consistent, ranging from 1.18 to 1.92. The
statistical heterogeneity was moderate with an I2 of
72%. Figure 2 demonstrates the forest plot of this
meta-analysis.
To further explore the statistical heterogeneity,
we performed a sensitivity analysis by excluding the

Fig. 1. Study identification and review process

study by Johannesdottir et al. (24) as it was the only
study with case-control design. Exclusion of this
study did not significantly alter the pooled risk ratio
(RR 1.55; 95% CI, 1.41-1.70) but did dramatically
reduce the I2 to 0%.
Evaluation for publication bias
We did not conduct an evaluation for publication bias as the number of primary studies included
in this meta-analysis was too small.
Discussion
The association between sarcoidosis and unusual blood clot has long been described in medical
literature (26-28). In fact, a descriptive cohort study
has demonstrated a higher than expected number
of pulmonary embolism among patients with sar-
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Table 1. Main characteristics of included studies
Crawshaw et al. (23)

Johannesdottir et al. (24)

Zoller et al. (25)

Country of origin

England

Denmark

Sweden

Study design

Retrospective cohort

Case–control

Retrospective cohort

Year of publication

2011

2012

2012

Cases

All patients who were
diagnosed with sarcoidosis
between 1963 and 1998.
Cases were identified by using
the admission database of the
National Health Service of
Oxfordshire region.

All northern Denmark
residences who were diagnosed
with DVT and/or PE between
1999 and 2009. Cases were
identified from Danish national
registry database.

All patients who were diagnosed
with sarcoidosis between 1964
and 2008. Cases were identified
by using the Swedish national
hospital admission database.

Controls

Hospitalized patient randomly
selected from the same database.

Sex and age-matched subjects
randomly selected from the
same database.

General Swedish population was
used as reference to calculate age,
sex, period and socioeconomic
status-specific standardized incidence ratio.

Diagnosis of sarcoidosis

Diagnostic code from the
database.

Diagnostic code from the
database.

Diagnostic code from the database.

Diagnosis of VTE

Diagnostic code of PE from the
database.

Diagnostic code of PE and/or
DVT from the database.

Diagnostic code of PE from
the database, confirmed by peer
review.

Follow up

Until death, first record of PE
or end of 1998.

N.A.

Until death, first record of PE,
emigration or 31 December 2008.

Mean age of cases, Y

N.A.

67.0

N.A.

Percentage of female in cases

N.A.

52.9

49.8

Number of cases

1,002

14,721

13,547

Number of controls

526,107

147,210

N.A.

Confounder adjusted

None

Hospitalization, co-morbidity
and medications used

Age, sex, hospitalization and
co-morbidity.

Quality assessment
(Newcastle– Ottawa scale)

Selection: 3 stars
Comparability: 1 star
Outcome: 3 stars

Selection: 3 stars
Comparability: 1 star
Exposure: 3 stars

Selection: 4 stars
Comparability: 2 stars
Outcome: 3 stars

VTE indicated venous thromboembolism; N.A., not available; DVT, deep vein thrombosis; PE, pulmonary embolism

coidosis (21). Our study is the first meta-analysis
that combined all the available data. We were able
to demonstrate a statistically significant association
between sarcoidosis and VTE with an approximately
1.4-folds increased risk compared with non-sarcoidosis participants.
Why patients with sarcoidosis have a higher
risk of VTE is not clear but chronic inflammation is
thought to be the pathogenic link of this association.

The propensity of development of VTE is associated
with three provocative factors, known as Virchow
triad, including hyper-coagulability, endothelial
dysfunction/injury and flow disturbance. Chronic
inflammation appears to increase the propensity of
clotting by stimulating the coagulation cascade while
inhibiting the anticoagulation pathway, resulting in
a thrombophilic state (29-31). Endothelial dysfunction is also observed in chronic inflammatory state
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Fig. 2. Forest plot of risk of VTE in patients with sarcoidosis

as a result of detrimental effect of inflammatory cytokines and oxidative stress on endothelial cells (3233). Moreover, patients with sarcoidosis may be less
physically active compared with general population
because of their pulmonary symptoms (13, 14), rendering them at higher risk of venous stasis.
Even though the primary studies included in
this analysis were of high quality, we acknowledged
that our study had some limitations and, thus, our
results should be interpreted with caution. First, all
of the studies included in this meta-analysis used
medical register to identify cases of sarcoidosis and
VTE. As a result, these studies were at potential risk
of coding inaccuracy and incompleteness of case
identification. In fact, the study by Zoller et al. (25)
was the only study that conducted chart review to
verify the diagnosis of VTE while other studies relied entirely on the diagnostic codes. Second, the
definition of VTE was not consistent as the study
by Johannesdottir et al. (24) included both PE and
DVT while the rest included only PE. Third, we cannot perform an evaluation for publication bias. Thus,
publication bias in favor of positive studies might be
present. Fourth, this is a meta-analysis of observational studies that can establish an association but
cannot demonstrate causality. Therefore, we cannot
conclude that sarcoidosis itself versus other potential
confounders were accountable for the increased VTE
risk. Furthermore, the increased incidence VTE incidence might merely be a result of detection bias as
patients with sarcoidosis, because of their chronic illness, are exposed more to medical examinations (34).
In conclusion, our meta-analysis demonstrated
that sarcoidosis was associated with a statistically
significant increased VTE risk. Physicians who take
care of these patients should be aware of this association and should carefully monitor them for VTE,
particularly those with other traditional risk factors.
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Supplementary data 1
Search strategy
Database: Medline
1. exp Sarcoidosis, Pulmonary/ or exp Sarcoidosis/ or sarcoidosis.mp.
2. exp Thromboembolism/
3. Thromboembolism.mp.
4. exp Venous Thrombosis/
5. venous thrombosis.mp.
6. exp Pulmonary Embolism/
7. pulmonary embolism.mp.
8. or/2-7
9. 1 and 8
Database: EMBASE
1. exp sarcoidosis/ or exp lung sarcoidosis/
2. sarcoidosis.mp.
3. 1 or 2
4. pulmonary embolism.mp. or exp lung embolism/
5. deep vein thrombosis.mp. or exp deep vein thrombosis/
6. venous thromboembolism.mp. or exp venous thromboembolism/
7. exp thromboembolism/ or thromboembolism.mp.
8. or/4-7
9. 3 and 8

