The association of obstructive sleep apnea with urological cancer
incidence and mortality: a systematic review and meta-analysis
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Background

Despite prior meta-analyses,13-15 the association with overall
cancer is still controversial, possibly because OSA might affect
some cancer types more profoundly.
•

•

We conducted a systematic review and meta-analysis to clarify
the association between OSA and (1) kidney, (2) bladder and
(3) prostate cancer incidence and mortality.

•

Maximally covariate-adjusted hazard ratios (HR) were extracted and
pooled using the generic inverse variance method and random
effects model on RevMan.
Pre-specified subgroup analyses for studies with (1) median duration
≥ five years, (2) adjustment for obesity, (3) adjustment for
comorbidity as an index or one or more variables was performed.
Two reviewers independently assessed risk of bias using the
Newcastle-Ottawa Scale (NOS).16

Records identified through database
searching from 2000-2020
(n = 1725)
PubMed: 528
Embase: 427
Cochrane: 20
Scopus: 730

Additional records identified through
hand search
(n = 2)
Fang, 2015
Agostinelli, 2020

Records after duplicates removed
(n = 1530)

Screening

Obstructive sleep apnea (OSA) is a hypoxic disease that is
particularly prevalent particularly amongst urology patients,4,5
as it has been associated with chronic kidney disease (CKD),6,7
nocturnal polyuria,8-10 overactive bladder,11 and prostate
hypertrophy.12
•

•

PubMed, Embase, Scopus and Cochrane Library were systematically
searched for observational studies published from inception to 15
November 2020, in adults aged ≥ 18 years, reporting objective
measurements or clinical diagnosis of sleep apnea and the
association with urological cancers.

Eligibility

•

Records screened
(n = 1530)

Records excluded
(n = 1495)

Full-text articles assessed
for eligibility
(n = 35)

Studies included in
qualitative synthesis
(n = 7)

Included

Hypoxia is widely associated with urological cancers.1-3

•

Identification

Methods

Studies included in
quantitative synthesis
(meta-analysis)
(n = 5)

Full-text articles excluded, with
reasons
(n = 28)
•
Exposures were not
relevant (sleep duration,
daytime sleepiness) (n = 4)
•
Relevant outcomes not
reported (overall cancer
instead of urological
cancers, other types of
cancer) (n = 22)
•
Repeated study (n = 1)

Figure 1: PRISMA flow diagram of study selection

Kidney cancer

Results
Pooled incidence of kidney cancer
•
There were 12,599 incident kidney cancer cases from six studies.
•
OSA patients had significantly higher pooled risk of incident kidney
cancer (HR 1.90, 95%CI 1.16-3.10, I²=99%) (Fig. 2)

Bladder cancer

Figure 2: Overall analysis of OSA and kidney cancer risk

Pooled incidence of bladder cancer
•
There were 48,081 incident bladder cancer cases from six studies.
•
OSA patients were not at higher pooled risk of incident prostate cancer
(HR 1.77, 95%CI 0.99-3.18, I²=99%) (Fig. 3)

Subgroup analysis of studies which:
•
Had ≥ five years of follow-up yielded (HR: 2.44 95%CI 2.10-2.83, I²=31%, N=4).
•
Adjusted for obesity, smoking and alcohol consumption yielded (HR: 2.27 95%CI 1.44-3.58,
I²=58%, N=2). Studies which adjusted for obesity also adjusted for smoking and alcohol
consumption hence they were considered part of the subgroup.
•
Adjusted for comorbidity yielded (HR: 1.81 95%CI 1.01-3.25, I²=99%, N=4).
Mortality
•
Vilaseca et al.17 reported that metastasis-free survival (MFS) and cancer-specific survival (CSS)
estimates were not significantly different between clear-cell renal cell carcinoma (ccRCC)
patients with and without OSA [51vs 38%;13% risk difference; 95% CI 520%;p = 0.003].
•
Gozal et al.18 reported a null association between OSA and kidney cancer mortality (HR 1.04
95%CI 0.74-1.46).
Subgroup analysis
•
Subgroup analysis of studies with ≥ five years of follow-up yielded a statistically
significant association (HR: 2.16 95%CI 2.02-2.31, I²=0%, N=3).
•
Subgroup analysis of studies which adjusted for obesity, smoking and alcohol yielded
a statistically significant association (HR: 2.16 95%CI 2.02-2.30, I²=0%, N=2).
Mortality
•
Gozal et al.18 reported a null association between OSA and bladder cancer mortality
(HR: 0.80 95%CI 0.55-1.16).

Prostate cancer

Figure 3: Overall analysis of OSA and bladder cancer risk

Pooled incidence of prostate cancer
•
There were 11,645 incident prostate cancer cases from six studies.
•
OSA patients had an equivocal pooled risk of incident bladder cancer
(HR 1.58, 95%CI 0.96-2.59, I²=100%) (Fig. 2)

Subgroup analysis
•
Subgroup analysis of studies with ≥ five years of follow-up yielded a statistically
significant association (HR: 1.89 95%CI 0.85-4.22, I²=99%, N=3).
•
Subgroup analysis of studies which adjusted for comorbidity either as an index or one
or more individual variables yielded a null association (HR: 1.92 95%CI 0.89-4.16).
Mortality
•
Gozal et al.18 reported a null association between OSA and prostate cancer mortality
(HR: 1.03, 95%CI 0.83-1.28).

Figure 4: Overall analysis of OSA and prostate cancer risk

Discussion
Is there a biological plausibility?
•
IH causes upregulation of hypoxia-induced
factor-1a and 2a (HIF-1α and 2α)19,20 in
bladder,1 prostate,21 and von Hippel-Lindau
(VHL)-mutant hypoxic renal cells.20,22
Downstream, this leads to increased angiogenic
factors.
•
SF from OSA triggers sympathetic activation,23
increase in ROS,24 and immune dysregulation.25
•
Together, IH and SF contribute to
inflammation,26 cancer cell proliferation, and
tumor angiogenesis.
Impact of OSA on cancer mortality
•
It is still inconclusive if OSA worsens mortality of
incident urological cancer
•
Vilaseca et al.17 showed that OSA patients had
higher Furhman grade at presentation
•
However, these findings did not translate to any
change in survival, metastasis or mortality of kidney
cancer in the same study,17 and in another by Gozal
•

et.al.18

Conclusion
Does chronicity of OSA matter?
•
Risk of bladder cancer was only
significant for studies which had a
follow-up duration of at least five years
•
Risk of kidney cancer also increased
further compared to the overall analysis.
•
It is not uncommon for kidney and
bladder cancer to have long latency
periods,30-32
•
Chronicity of OSA might be necessary to
drive carcinogenesis through the
accumulation of mutations
Does severity of OSA matter?
•
One study by Justeau et al.33 in our
systematic review showed an
equivocal association between
increasing OSA severity and prostate
cancer incidence, although several
studies have shown that increasing
OSA severity increases the risk of
cancer.34,35

The low number of metastatic kidney cancer cases
in both studies suggest that they might have been
inadequately large to detect any association
between OSA and mortality, if present.

Is OSA associated with prostate cancer?
•
Despite extensive research showing a link
between hypoxia and prostate cancer,27 our
study now suggests otherwise
•
This may be because we lack information about
the severity of OSA, as current evidence
suggests OSA severity must cross a certain
threshold before it can exert significant
effects.28,29

• This meta-analysis suggests increased risk of
kidney cancer in OSA patients.
• OSA is also associated with increased risk of
bladder cancer at least 5 years after OSA
diagnosis.
• We found no association between OSA and
prostate cancer risk.
• This meta-analysis may suggest the need for
a greater appreciation of the implication of
OSA in urology patients
• Future studies should:
1. Conduct studies specific to kidney,
bladder and prostate cancer
2. Have longer follow-up periods of at
least 5 years
3. Report patient-level outcomes using
overnight polysomnography to enable
a dose-response relationship
4. Investigate whether CPAP treatment
can reduce the incidence or
progression of urological cancers
References:

What about confounders?
•
For incidence of kidney cancer,
separate subgroups which corrected
for established risk factors for OSA
and kidney and bladder cancer:
smoking, alcohol consumption and
obesity or comorbidity in addition to
age and sex yielded a significant
association.
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