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Background: Studies have suggested that patients with hyperthyroidism may have a higher risk of venous
thromboembolism (VTE) compared to individuals with normal thyroid function, although the data is quite
limited. This systematic review and meta-analysis aims to comprehensively investigate this risk by summarizing
all available studies.

Methods: A systematic review was performed using the MEDLINE and Embase databases from inception to
February 2019 to identify all cohort studies that compared the risk of incident VTE in patients with hy-
perthyroidism versus individuals without hyperthyroidism. Pooled risk ratio and 95% confidence interval were
calculated using random-effect, generic inverse-variance method.

Results: A total of 5 retrospective cohort studies with 237,667 cases with hyperthyroidism and 4,615,907
comparators without hyperthyroidism were included. The pooled analysis found a significantly increased risk of
incident VTE among patients with hyperthyroidism, with a pooled risk ratio of 1.332 (95% CI, 1.275-1.391; I?
14%). The funnel plot was asymmetric and may suggest the presence of publication bias in favor of studies that
showed positive association.

Conclusion: A significantly increased risk of incident VTE among patients with hyperthyroidism compared to
individuals without hyperthyroidism was demonstrated in this meta-analysis.

1. Introduction would result in clinically significant hypercoagulable state and in-

creased incidence of venous thromboembolism (VTE) is not known with

Hyperthyroidism is one of the most common endocrinological dis-
orders worldwide with the reported prevalence of up to 1.3% in iodine-
sufficient areas [1]. It affects females more frequently than males with
the female-to-male ratio of about 5-10:1 [2]. Graves' disease is by far
the most common cause of hyperthyroidism followed by toxic multi-
nodular goiter and toxic adenoma [1]. Excessive amount of triio-
dothyronine (T3) and thyroxine (T4) can cause myriad of signs and
symptoms such as palpitation, tremor, insomnia, weight loss, heat in-
tolerance and anxiety [3].

Recent studies have suggested that an elevated level of thyroid
hormones may have a significant effect on the coagulation and fi-
brinolysis system. A systematic review and meta-analysis of 13 studies
published in 2012 found that patients with hyperthyroidism had a
higher level of factor VIII and IX, fibrinogen, von Willebrand factor and
plasminogen activator inhibitor-1 than individuals with normal thyroid
function [4]. Nonetheless, whether this altered coagulation system

certainty. The current systematic review and meta-analysis was con-
ducted to comprehensively identify all cohort studies that compared the
risk of incident VTE in patients with hyperthyroidism versus individuals
with normal thyroid function and summarize the results.

2. Methods
2.1. Search strategy

Two investigators (S.S. and P.U.) independently searched for pub-
lished articles indexed in MEDLINE and EMBASE database from in-
ception to February 2018 using the search strategy that included the
terms for hyperthyroidism and venous thromboembolism as described
in supplementary data 1. References of some retrieved articles were
also manually reviewed to identify any potentially relevant studies that
may be missed by the search terms.
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2.2. Inclusion criteria

The current meta-analysis included only cohort studies (either
prospective or retrospective) that compared the incidence of VTE, ei-
ther deep venous thrombosis (DVT) and/or pulmonary embolism (PE),
after index date between cases with hyperthyroidism and comparators
without hyperthyroidism. Individuals with prevalent VTE (i.e., history
of VTE prior to index date) must be excluded from the analysis. Eligible
studies reported relative risk (RR), hazard ratio (HR) or standardized
incidence ratio (SIR) with 95% confidence intervals (CI) of the risk of
VTE between the groups. The decision not to include case-control stu-
dies and cross-sectional studies was made to maximize the validity of
the pooled results, as a cohort study is the only design that can confirm
the temporal relationship between the two conditions that the exposure
of interest occurred prior to the outcome of interest.

Determination of the eligibility of retrieved articles was in-
dependently conducted by the two investigators. In the case of different
determinations, the studies in question were jointly reviewed again by
both investigators to make the final decision. The Newcastle-Ottawa
quality assessment scale was used to evaluate the quality of the in-
cluded studies. This scale assessed the quality of each study in three
areas including (1) the representativeness of cases and comparators (2)
the comparability between the groups and (3) the ascertainment of the
outcomes of interest [5].

2.3. Data extraction

A standardized data collection form was used to extract the fol-
lowing information: title of the study, first author's name, year of
publication, year(s) when the study was conducted, country or coun-
tries of origin, background population, methods used to recruit cases
and comparators, methods used to diagnose hyperthyroidism and VTE,
total number and baseline demographic data of cases and comparators,
average duration of follow up, confounders that were adjusted in
multivariate analysis and adjusted effect estimates with 95% CI.

To ensure the accuracy of the data extraction, this process was in-
dependently performed by the two investigators. The data collection
forms filled by each investigator were cross-checked to identify any
discrepancies, which would trigger a joint re-review of that study by
both investigators.

2.4. Statistical analysis

All data analyses were performed using the Comprehensive Meta-
Analysis program, version 2.2 (Biostat, Englewood, New Jersey, USA).
Point estimates were extracted from the included cohort studies and
were combined together to calculate pooled effect estimates using the
generic inverse-variance method as described by DerSimonian and
Laird [6]. The random-effect model was chosen over the fixed-effect
model as the assumption of the fixed-effect model, that all studies
should yield the exactly same result, is not true in most circumstances,
particularly for meta-analysis of studies with different background po-
pulations. The between-study statistical heterogeneity was assessed
using Cochran's Q test and I? statistic. The I? statistic quantifies the
proportion of total variation across studies that is due to heterogeneity
rather than chance. A value of 12 of 0%—-25% represents insignificant
heterogeneity, 26%-50% low heterogeneity, 51%-75% moderate het-
erogeneity and more than or equal to 76% high heterogeneity [7].
Funnel plot and Egger regression test were used for assessment of
publication bias [8]. If the tests were suggestive of the presence of
publication bias, trim-and-fill sensitivity analysis would be performed
[9]. This technique is used to find hypothetical missing studies based on
symmetry of the funnel plot. Imputed values from these studies are
added to the meta-analysis to investigate if the pooled result would be
significantly altered. If not, this would suggest that the effect of pub-
lication bias is not substantial.
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Fig. 1. Literature identification and selection process.

3. Results
3.1. Identification of eligible studies

The search strategy resulted in 1022 potentially relevant articles
(863 articles from EMBASE and 159 articles from MEDLINE). After
exclusion of 148 duplicated articles, 874 articles underwent title and
abstract review. After title and abstract review, 814 articles were ex-
cluded because they clearly did not fulfill the inclusion criteria based on
type of article, study design and participants, leaving 60 articles for full-
length article review. A total of 55 studies were excluded after the full-
length review for the following reasons: 40 studies were not cohort
studies, 10 studies were descriptive cohort studies without comparative
analysis, and 5 studies did not report the outcome of interest (incident
VTE). Finally, 5 retrospective cohort studies with 237,667 cases with
hyperthyroidism and 4,615,907 comparators without hyperthyroidism
were included in the meta-analysis [10-14]. All studies were adminis-
trative database-based studies that used International Classification of
Disease (ICD) codes to diagnose hyperthyroidism and VTE. All but one
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Study name Statistics for each study Risk ratio and 95% CI
Risk Lower Upper
ratio limit limit Z-Value p-Value

Lin etal. 2310 1.200 4.448 2504 0.012

Ramagopalan etal. 1.340 1.272 1.412 10.971 0.000

Zoller et al. 1.310 1.251 1.371 11.547 0.000

Lerstad et al. 2.160 0.690 6.761 1.323 0.186

Dekkers et al. 1520 1.121 2.061 2.693 0.007
1.332 1.275 1.391 12.904 0.000

01 02 05 1 2 5 10

Fig. 2. Forest plot of the meta-analysis of risk of venous thromboembolism among patients with hyperthyroidism.
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Fig. 3. Funnel plot of the meta-analysis of risk of venous thromboembolism among patients with hyperthyroidism (white dots represent included studies).

study was from Europe. The average duration of follow-up ranged from
5.0 to 9.2 years. The study identification and review process are out-
lined in Fig. 1. The characteristics of included studies and their parti-
cipants are described in Table 1.

3.2. Risk of venous thromboembolism among patients with hyperthyroidism

The pooled analysis of the five included studies demonstrated a
significantly increased risk of incident VTE in patients with hy-
perthyroidism compared to individuals without hyperthyroidism, with
the pooled risk ratio of 1.332 (95% CI, 1.275-1.391). The statistical
heterogeneity was negligible with an I* of 14%. The forest plot of this
meta-analysis is shown in Fig. 2.

Subgroup analysis was performed on risk of pulmonary embolism. A
total of three studies [10,12,13] reported data on this subgroup and the
meta-analysis of these studies revealed a pooled risk ratio of 1.489
(95% CI, 1.037-2.138) (supplementary Fig. 1). The statistical hetero-
geneity was low with an I of 31%. A similar subgroup analysis on risk
of deep venous thrombosis could not be performed as only one study
provided data for this subgroup [13].

3.3. Evaluation for publication bias

The funnel plot (Fig. 3) was asymmetric, suggesting the presence of
publication bias in favor of studies that showed positive association.
This was confirmed by Egger's regression test that showed a significant

68

result with a p-value of 0.03.
3.4. Trim-and-fill sensitivity analysis.\

As the presence of publication bias was suggested by both visuali-
zation of funnel plot and Egger's regression test, trim-and-fill sensitivity
analysis as described by Duval et al. [9] was conducted to evaluate if
publication bias had severely skewed the pooled result. Using this
technique, two hypothetical missing studies were identified (supple-
mentary Fig. 2). Inclusion of these two hypothetical missing studies into
the meta-analysis only slightly decreased the pooled risk ratio down to
1.331 (95% CI, 1.255-1.411).

4. Discussion

The current study is the first systematic review and meta-analysis to
summarize all available data on the risk of VTE among patients with
hyperthyroidism. We found that the risk of developing VTE was sig-
nificantly higher among patients with hyperthyroidism compared to
individuals with normal thyroid function, with approximately 30%
excess risk. The exact mechanisms leading to the increased risk remain
unknown and further investigations are still needed. A few possible
explanations are discussed below.

First, studies have demonstrated a higher level of coagulation fac-
tors, fibrinogen, von Willebrand factor and plasminogen activator in-
hibitor-1 among patients with hyperthyroidism [4,15-17], possibly due
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to thyroid-receptor mediated up-regulation of gene transcription in
hepatic and endothelial cells [4,18,19]. This alteration of factors related
to hemostasis could tip the normal balance toward hypercoagulability
and could eventually lead to the formation of a venous blood clot.

The second explanation is related to anti-phospholipid antibodies.
Several case series have demonstrated a higher-than-expected pre-
valence of sero-positivity for anti-phospholipid antibodies among pa-
tients with Graves' disease, with the prevalence of as high as 43%
[20-22]. These antibodies are known to induce clot formation in vivo
and may explain the observed higher risk. The pathogenic mechanism
behind the association between Graves' disease and anti-phospholipid
antibodies is still unknown. The authors of one of the aforementioned
case series postulated that it could be an epiphenomenon that synthesis
of anti-thyroid stimulating hormone receptor antibodies by auto-
reactive B cell clones is accompanied by production of anti-phospho-
lipid antibodies [20].

The clinical implications of hyperthyroidism as a predisposing
factor for VTE are enormous. For instance, physicians may need to
routinely check thyroid function for patients newly diagnosed with
VTE. It will also dictate the duration of anticoagulation therapy if VTE
associated with hyperthyroidism is considered provoked. Nevertheless,
this study had some major limitations, and such a conclusion cannot be
made until additional studies with better design are available. The
limitations arise from the relatively low quality of the primary studies
included in this meta-analysis, as they were all administrative database-
based studies that relied solely on diagnostic codes to identify and di-
agnose hyperthyroidism and VTE, resulting in limited accuracy and
concerns for misclassification. Most of them also did not provide data
on the subtype of VTE (pulmonary embolism or deep venous throm-
bosis) and were unable to classify whether the episodes were provoked
or unprovoked. Since the studies were retrospective in nature, sur-
veillance bias could also play a role, as patients with hyperthyroidism
may undergo more medical examinations simply because of their
thyroid illness, and thus a higher likelihood of detection of any other
medical conditions. Data on other potential risk factors for VTE were
not systemically collected that may limit the accuracy of adjustment for
confounders in the multivariate analysis. Prospective studies with pre-
defined follow-up and data collection protocol would reduce these
biases. Last, publication bias is also suggested by funnel plot and Egger's
regression test, although trim-and-fill analysis suggests that the effect of
missing studies is minimal.

5. Conclusion

In conclusion, this systematic review and meta-analysis demon-
strated a significantly increased risk of VTE among patients with hy-
perthyroidism compared with individuals without hyperthyroidism.
However, several limitations are noted and studies with better design
are still needed.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.€jim.2019.06.012.
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