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Abstract

Purpose Previous studies revealed that the concomitant prevalence of obstructive sleep apnea (OSA) and venous thromboem-
bolism (VTE) was high, but the results were inconclusive due to various limitations. We aimed to systematically review the
literature on the prevalence of OSA in patients with VTE.

Methods Relevant studies were identified on multiple electronic databases through July 2018. The DerSimonian-Laird random
effects model was used to calculate the pooled prevalence of OSA, moderate-to-severe OSA, and severe OSA in VTE patients,
respectively. Sensitivity analysis was performed based on diagnostic methods of OSA and races.

Results A total of 11 studies comprising 895 patients were available for the meta-analysis, but one study was excluded because of
the between-study heterogeneity in the following analysis. The pooled prevalence of OSA, moderate-to-severe OSA, and severe
OSA in VTE patients were 70% (95% Cl=65%, 75%), 41% (95% Cl=29%, 54%), and 19% (95% Cl=15%, 23%), respec-
tively. Sensitivity analysis indicated that the prevalence was similar in different diagnostic methods, but the contributions of races
to OSA were complex. Although the lower prevalence of all OSA and moderate-to-severe OSA as compared with Western
countries, Asian countries have similar or even a little bit higher prevalence of severe OSA.

Conclusions Findings from this meta-analysis supported that the prevalence of OSA in VTE patients was strikingly high.
Screening for OSA in patients with VTE is necessary for developing effective treatment strategies.
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Introduction hemodynamic alterations, sympathetic nervous system activa-
tion, oxidative stress, and systemic inflammation [2-5]. A re-
cent long-term follow-up observational cohort study revealed

that OSA was considered to be a risk factor for PE recurrence

Obstructive sleep apnea (OSA) is characterized by episodes of
recurrent upper airway obstruction during sleep, leading to in-

termittent hypoxia and sleep fragmentation. There is growing
evidence that untreated OSA is a significant and independent
risk factor for venous thromboembolism (VTE), such as deep
vein thrombosis (DVT) or pulmonary embolism (PE) [1]. A
number of potential pathogenic mechanisms whereby OSA
might promote the onset of VTE include vascular endothelial
dysfunction, hypercoagulability, platelet abnormalities,

Jing Zhang, Jincui Gu and Yukun Kuang contributed equally to this work.

< Kejing Tang
tangkejing@163.com

Division of Pulmonary and Critical Care Medicine, The First
Affiliated Hospital of Sun Yat-sen University,
Guangzhou 510080, Guangdong, China

Department of Radiology, The First Affiliated Hospital of Sun
Yat-sen University, Guangzhou, China

and recommended resuming anticoagulation to prevent a new
thromboembolic event [6]. Therefore, understanding the epide-
miology of OSA in VTE patients is of great importance.

So far, several clinical studies concerning the OSA preva-
lence in VTE patients have been published [2, 7-16]. We,
therefore, conducted a systematic review followed by meta-
analysis to investigate the prevalence of OSA in VTE patients,
diagnosed by polysomnography (PSG), portable diagnostic
device (PDD), or questionnaire.

Methods
Searching strategy
We performed a systematic search for articles published up to

July 2018 using PubMed, Embase, ISTWeb of Knowledge,
and the Cochrane Library databases without restrictions to
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[124 reports identified by search |

|97 records excluded on the basis of title and abstract

N
|27 potentially relevant articles identified

16 excluded by full-text review
for the

following reasons:

1) Duplicate studies: n=4

2) Lack of clear diagnostic
criteria: n=5

3) Focused on the prevalence of
VTE among OSA patients: n=7

|11 citations suitable for meta-analysis |

Fig. 1 Meta-analysis flow chart

the language of the publications. The following search terms
were included: sleep apnea, sleep-disordered breathing, VTE,
DVT, and PE. We also searched for the reference lists of re-
lated articles located in the above databases. Our analysis on
prevalence was performed in accordance with the Preferred
Reporting Items for Systematic review and Meta-analysis
(PRISMA) guidelines.

Study selection

Studies were considered eligible for analysis if they met all of
the following criteria: (1) a prospective or cross-sectional de-
sign was used; (2) study population was patients who were
securely diagnosed with VTE (either DVT or PE); (3) the
criterion of OSA diagnosed by PSG, PDD, or questionnaire
was defined as AHI>5 events/h or the high risk of having
OSA; (4) Mild, moderate, and severe degrees of OSA were
defined as 5<AHI< 15, 15<AHI<30, and AHI> 30, re-
spectively. Exclusion criteria were as follows: (1) patients
younger than 18; (2) OSA was diagnosed by other methods,
or no clear result was presented. When the same data set was
presented in multiple reports, we selected only the one with
the largest study and the most detailed information. In one
special article, the results were presented in the form of a
histogram [12]. In order to increase the sample size, the esti-
mated values according to the histogram were also analyzed.

Data extraction and quality assessment

Two investigators independently extracted information about
geographical location, year of publication, diagnostic method
of OSA, sample size, mean age, BMI, gender, and numbers of
each AHI level included from each eligible study, with differ-
ences resolved by discussion. We evaluated the quality of each
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included study according to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement
[17].

Data synthesis and statistical analysis

Standard meta-analytic methods were applied [18]. We calcu-
lated the odds ratio (OR) and 95% confidence intervals (CI) to
assess the prevalence of OSA in VTE patients for each indi-
vidual study. The prevalence of all OSA, OSA diagnosed by
PSG/PDD (AHI >5) or questionnaire, moderate-to-severe
OSA (AHI > 15), and severe OSA (AHI>30), was calculated
separately for each study.

Stata SE (version 11, Stata Corporation, College Station,
TX, USA) software was utilized for statistical analysis. The
standard error of the OSA prevalence was estimated based on
binomial distribution formula. The heterogeneity of the stud-
ies was evaluated using the Cochran’s Q (reported as X* and
p values) and F statistic. Significant heterogeneity was de-
fined by /*>50%. The random effects model was recom-
mended when significant heterogeneity between studies ex-
ists, as it added an extra term to the variance, gave wider Cls
around the point estimate, and could be more conservative
than a fixed effects model [19, 20]. Thus, all pooled outcome
measures were determined using the random effects model.
Meta-regression models were employed to identify the source
of heterogeneity. Moreover, we also performed a sensitivity
analysis to identify the studies that were more influenced by
the above-mentioned heterogeneity. In our sensitivity analy-
sis, the prevalence of OSA in different geographical locations
(Western countries and Asian countries) was also calculated to
provide estimates for different races. The funnel plot and
Egger’s test were used to analyze publication bias.

Results
Literature search

A total of 124 citations resulted from electronic databases, of
which 27 articles met the inclusion criteria and were selected for
detailed assessment. Nine studies were excluded because of
duplicate data or the lack of clear diagnostic criteria. Of the
remaining 18 papers, 7 studies which focused on the prevalence
of VTE among OSA patients were further excluded. Finally, a
total of 11 studies [2, 7-16] were included in our meta-analysis.
A flow diagram of the selection process was presented in Fig. 1.

Characteristics of the included studies and quality
assessment

Table 1 presents the characteristics of the selected reports.
Among these reports, 5 were from Europe, 5 from Asia, and
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Arzt 2012 ':" 0.76 (0.66, 0.85) 15.43
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0.69 (0.62,0.77) 67.43
Epstein 2010 — 0.65 (0.54,0.76) 32.57

Subtotal (I-squared = 0.0%, P = 0. 509) 0.68 (0.62,0.74) 100.00

Overall (I-squared = 56.3%, P = 0. 014) 0.70 (0.65,0.75) 100.00

i
Note: Weights are from random effects analysis !

Study %

D ES (95% Cl) Weight
(Asian)

Ghiasi 2015 = 0.69 (0.62,0.77) 39.73

Kosovali 2013 —= 0.71(0.55,0.88) 25.44
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(

(
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(
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0.62 (0.50, 0.75) 100.00

Manas 2017 — 0.66 (0.54,0.78) 13.03
Berghaus 2016 - 0.66 (0.60,0.72) 21.39
Alonso-F 2013 'S 0.75(0.67,0.83) 18.26
Arzt 2012 T 0.76 (0.66, 0.85) 16.52
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Overall (I-squared = 56.3%, P = 0. 014) 0.70 (0.65,0.75) 100.00

Note: Weights are from random effects analysis !
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Fig. 2 Prevalence of OSA in VTE. Note: The pooled prevalence of OSA was 70%. Subgroup analysis showed that the pooled prevalence of OSA
diagnosed by PSG/PDD, diagnosed by questionnaire, in Asian studies, and in Western studies was 70%, 68%, 62%, and 72%, respectively

(p=0.358) and AHI>30 (p=0.161). However, there was
some evidence of publication bias for total OSA (p =0.001).

Discussion

This is the first study to perform a meta-analysis on the prev-
alence of OSA among patients with VTE. In the present study,
a much higher prevalence of OSA was found in VTE patients
(70%) than in general population (2—4%) [21], and 41% of
subjects suffered from moderate-severe OSA. In addition,

Fig. 3 Prevalence of moderate-

to-severe OSA (AHI>15) in

VTE. Note: The pooled preva- Study
lence of moderate-to-severe OSA D
was 41%. Subgroup analysis
showed that the pooled preva-
lence of OSA in Asian studies and
Western studies was 33% and
45%, respectively

(Asian)

Kosovali 2013
Kezban 2012

Hasegawa 2000
Subtotal (I-squared = 0.0%, P = 0. 408)

(Western)

Manas 2017

Berghaus 2016

Alonso-F 2013
Arzt 2012
Arnulf 2002

Subtotal (I-squared = 93.2%, P = 0. 000)

Overall (I-squared = 88.7%, P = 0. 000)

Note: Weights are from random effects analysis

OSA was diagnosed to be severe in 19% of the total study
population.

The mechanisms underlying the increased prevalence of
OSA in VTE patients are very complex. As reviewed by
Rosendaal [22], there are three major causes of VTE: vascular
endothelial impairment, stasis of blood flow, and increased
coagulability. However, several lines of evidence now attest
that OSA may affect all three pathways: the collapse of upper
airways during sleep results in oxidative stress, systemic in-
flammation, and hemodynamic alterations [3—5, 23]. All these
pathophysiological derangements could finally lead to

%
ES (95% Cl) Weight
0.43 (0.25, 0.61)
0.27 (0.1, 0.42)
0.29 (-0.05, 0.62) 11.36
0.33 (0.22, 0.44)

37.85
50.79

100.00

- 0.39 (0.27, 0.51)
- 0.25 (0.19, 0.31)

19.32
21.07
0.60 (0.51,0.69) 20.23

0.40 (0.30,0.51) 19.83

0.63 (0.52, 0.75)
0.45 (0.29, 0.61)

19.55
100.00

0.41(0.29, 0.54) 100.00
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Fig. 4 Prevalence of severe OSA
(AHI>30) in VTE. Note: The
pooled prevalence of moderate-
to-severe OSA was 19%. Study
Subgroup analysis showed that ID
the pooled prevalence of OSA in
Asian studies and Western studies
was 20% and 19%, respectively

(Asian)

Kosovali 2013
Kezban 2012

Hasegawa 2000

Subtotal (I-squared = 0.0%, P = 0. 772)

(Western)
Manas 2017

Berghaus 2016
Alonso-F 2013
Arzt 2012

Subtotal (I-squared = 58.0%, P = 0. 067)

Overall (I-squared = 23.1%, P = 0. 253)

Note: Weights are from random effects analysis

%

ES (95% Cl) Weight

0.21 (0.06, 0.37)
0.17 (0.03, 0.30)

39.92
51.85
0.29 (-0.05, 0.62) 8.23

0.20 (0.10, 0.29) 100.00

0.19 (0.10,0.29) 19.84

0.14 (0.09, 0.18) 34.52
0.25(0.17,0.33) 23.75
0.22(0.13,0.31) 21.89

0.19 (0.13,0.25) 100.00

0.19 (0.15,0.23) 100.00

endothelial dysfunction, the slow-down of intravenous flow,
increased coagulability, platelet activity abnormalities, and
decreased fibrinolytic capacity [1, 24, 25]. In addition, the
hypercoagulable state seems to increase with the severity of
OSA [26], and was reversed by continuous positive airway
pressure (CPAP) in some trials [27-29]. Thus, further studies
need to be conducted in order to evaluate whether CPAP treat-
ment is able to reduce the recurrence of VTE.

There was true heterogeneity among the individual stud-
ies, especially the pooled prevalence of all OSA. When
excluding each study one by one, we found that the
between-study heterogeneity in both the pooled prevalence
and subgroup analysis was dramatically decreased after
excluding one study from China [2], which later proved
again to be the source of heterogeneity by meta-
regression models. Gender, age, obesity, ethnicity, and cra-
niofacial anatomy were all well-known risk factors for the
development of OSA. However, as shown in Table 1, there
does not appear to be a significant difference in the char-
acteristics (% men, age, and BMI) between Jiang et al. [2]
and other studies, indicating that the heterogeneity may be
related to the racial variations, environment, living and diet
habits, culture, or other factors. In the following subgroup
analysis, we found that, despite the lower prevalence of all
OSA and moderate-to-severe OSA as compared with
Western countries, Asian countries have similar or even a
little bit higher prevalence of severe OSA. This quite in-
teresting finding might due to the decreased cranial base
dimensions which would render that Asians were more
prone to severe OSA [30, 31].

0 5 1 1.5

Limitations

Limitations of the present meta-analysis should be men-
tioned. As with any meta-analysis, heterogeneity was a
threat to the accuracy. We dealt with heterogeneity
among the studies in several ways: (1) we excluded
one study from China [2], (2) we used the
DerSimonian-Laird random effects method to do the
analysis, and (3) we calculated the prevalence of OSA
by diagnostic methods, severity, and regions, respective-
ly. However, variability still existed. Clearly, men were
at higher risk for OSA than women. Unfortunately, we
failed to reduce heterogeneity by calculating the preva-
lence of OSA by sex since most of the inclusion studies
did not differentiate between men and women. Lastly,
the total number of studies related to OSA and VTE
was limited, and the sample size was relatively small.
These may impact the publication bias of our study.
Larger studies, especially prospective multicenter stud-
ies, are necessary to answer the question of prevalence
more definitively.

Conclusion

In summary, this meta-analysis demonstrated a high preva-
lence of OSA, moderate-to-severe OSA, and severe OSA in
patients suffering from VTE. Thus, there is an urgent need to
evaluate for OSA in patients with VTE to diagnose and treat
these patients properly. Further large prospective cohort
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studies are needed to determine whether or not treatment for
OSA after VTE will improve outcomes for VTE. Such studies
promise to clarify the association of OSA and VTE and may
lead to effective treatment strategies.
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