
Contents lists available at ScienceDirect

Preventive Medicine Reports

journal homepage: www.elsevier.com/locate/pmedr

Obstructive sleep apnea severity and subsequent risk for cancer incidence

Arthur Sillaha,b,⁎, Nathaniel F. Watsonc, David Gozald, Amanda I. Phippsa,b

a Department of Epidemiology, University of Washington School of Public Health, Seattle, WA, USA
b Epidemiology Program, Fred Hutchinson Research Cancer Research Center, Seattle, WA, USA
cUniversity of Washington School of Medicine, Department of Neurology and University of Washington Medicine Sleep Center, Seattle, WA, USA
dUniversity of Missouri School of Medicine, Department of Child Health, Columbia, MO, USA

A R T I C L E I N F O

Keywords:
Epidemiology
Intermittent hypoxia
Cancer development

A B S T R A C T

In vitro and animal models suggest that obstructive sleep apnea (OSA) increases cancer risk. However, the
impact of OSA severity on cancer risk is poorly understood.

We conducted a case-cohort study (a variant of the case-control study design), nested in a cohort of patients
with a clinical diagnosis of OSA. OSA patients diagnosed between 2005 and 2013 were linked to a population-
based cancer registry to identify cancers diagnosed subsequent to OSA between 2005 and 2015. Medical records
were reviewed for a representative sample of 1162 OSA patients from this cohort (including 24 with subsequent
cancer), and for an additional 304 OSA patients diagnosed with cancer; information regarding OSA severity
indicators, including apnea-hypopnea index (AHI) was abstracted from these records. Adjusted Cox proportional
hazards regression were used to calculate hazard ratios (HR) and 95% confidence intervals (CI) for associations
of OSA severity indicators on cancer incidence.

Compared with individuals in the lowest AHI category (5–14.9), indicating mild OSA, the adjusted HR (95%
CI) for cancer incidence associated with having moderate (15–29.9) or severe (30+) OSA were 0.72 (0.40–1.29)
and 0.87 (0.52–1.45) respectively. Associations with other severity indicators were not significantly associated
with cancer. However, the proportion of patients with severe OSA (AHI ≥30) was consistently higher across
numerous cancer sites relative to the subcohort, suggesting increased cancer risk relative to patients with less
severe OSA.

The absence of significant associations with OSA severity measures suggest that the underlying mechanisms
deserve further investigation.

1. Introduction

Obstructive sleep apnea (OSA) is a sleep-related breathing disorder
affecting 25 million US adults, and is characterized by recurrent upper
airway collapse during sleep, leading to episodic hypoxia and recurrent
arousals (Peppard et al., 2013). OSA is strongly associated with sys-
temic hypertension (Konecny et al., 2014) and is also independently
associated with increased risk for Type 2 diabetes, cardiovascular dis-
ease, depression, motor vehicle accidents, and substantially elevated
healthcare utilization and costs (Konecny et al., 2014; Acker et al.,
2016; Barger et al., 2015; Kendzerska et al., 2014a; Kao et al., 2015).

The potential existence of a significant relationship between OSA
and cancer has gained increasing attention in the last decade, with
evidence suggesting that OSA is both a risk factor for cancer develop-
ment (Toffoli and Michiels, 2008; Nanduri & Prabhakar, 2014;
Almendros et al., 2012a) and a marker of adverse cancer prognosis

(Akbarpour et al., 2017; Khalyfa et al., 2016; Santamaria-Martos et al.,
2018; Cubillos-Zapata et al., 2017; Almendros et al., 2014; Li et al.,
2016; Miao et al., 2014). Animal and in-vitro cancer models have
shown that controlled exposures to chronic intermittent hypoxia and
sleep fragmentation can trigger oxidative stress and systemic in-
flammation, and can promote enhanced activity of oncogenic pathways
(Santamaria-Martos et al., 2018; Li et al., 2016; Gozal et al., 2015; Wan
et al., 2011).

The Wisconsin Sleep Cohort (Nieto et al., 2012) was the first human
study to note an elevation in cancer mortality among individuals with
severe OSA relative to those without sleep disordered breathing. Sub-
sequently, both a community-based (Marshall et al., 2014) and clinic-
based (Martinez-Garcia et al., 2014a) cohort reported elevated cancer
mortality in those diagnosed with OSA. The relationship between OSA
and cancer incidence in humans, however, remains inconclusive. While
four prior studies found higher overall cancer incidence rates among
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those patients with OSA versus those without OSA (Marshall et al.,
2014; Fang et al., 2015; Campos-Rodriguez et al., 2013; Christensen
et al., 2013), two more recent studies showed no evidence of elevated
risk (Gozal et al., 2016; Kendzerska et al., 2014b). We recently reported
our findings suggesting an elevated cancer burden, particularly at cer-
tain organ sites, among individuals with a diagnosis of sleep apnea
(Sillah et al., 2018). In another recent study, the severity of OSA was
shown to be independently associated with greater aggressiveness of
cutaneous melanoma in a cohort of patients evaluated for OSA at the
time of cancer diagnosis, suggesting a dose-response relationship be-
tween OSA severity and cancer progression and outcomes (Martinez-
Garcia et al., 2018).

Building on aforementioned work, we evaluated the potential re-
lationship of OSA severity and treatment with cancer incidence in a
cohort of individuals initially diagnosed with OSA. To this effect, we
explored five OSA severity indicators to investigate the hypothesis that
exposure to severe OSA would be associated with increased cancer risk.

2. Methods

2.1. Study design

We conducted a case-cohort study (a variant of the case-control
study design) (Langholz, 2014; Ernster, 1994), nested within a cohort of
individuals identified as suffering from OSA, based on the recording of
an ICD diagnostic code, in the University of Washington Medicine
(UWM) system (Fig. 1). As described elsewhere, we linked this cohort
with a population-based cancer registry covering the same geographic
region as the UWM system in Western Washington State (Sillah et al.,
2018). For the present nested study, we selected a random sample of the

overall OSA cohort (free of cancer at time of OSA diagnosis, N= 1162);
24 OSA patients selected into the subcohort were diagnosed with cancer
after their OSA diagnosis. We then included all other individuals within
our parent OSA cohort who had received a cancer diagnosis subsequent
to their OSA diagnosis (i.e., cases, n= 304) resulting in 328 total
subsequent cancer cases. Consistent with the composition of the case
group, random sampling of the subcohort was prioritized to individuals
with OSA diagnostic codes recorded from encounters within the sleep
medicine facilities of UWM system (n= 205 cases, n= 784 subcohort),
followed by those with OSA diagnostic codes recorded from encounters
with otolaryngology, pulmonary, cardiology, or neurology clinics
(n= 99 cases, n= 378 subcohort). We prioritized sampling from the
UWM Sleep Center because these patients were more likely to have a
polysomnography (PSG) or home sleep apnea test report included in
their medical records. As described below, detailed medical record
abstraction was conducted for all members of the case-cohort study
population. The case-cohort approach is efficient since not all members
of the parent cohort (n=15,332 vs study sample, n= 1466) required
detailed medical record abstraction; use of this strategy also reduced
selection and information bias since the cancer cases and randomly
selected subcohort comes from the same population.

2.2. Medical record abstraction

All study participants had a diagnosis code for OSA based on
International Classification of Diseases, Ninth Revision, Clinical
Modification codes [ICD-9-CM] (codes 327.23) recorded in medical
records between 2005 and 2014 within UWM system. We reviewed
medical records from the time of OSA diagnosis date to retrieve PSG
reports related to the diagnosis of OSA. From these reports, we

Fig. 1. Case-cohort design of linked SEER population database and OSA clinical cohort.
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extracted information on five commonly used OSA severity indicators
that are routinely collected on PSG (Table 1). Severity on each of these
metrics was categorized into mild, moderate, or severe, based on clin-
ical guidelines and prior publications (Anon, 1999); these metrics were
also evaluated as continuous measures. For individuals with multiple
OSA diagnoses recorded over the study period, the first such doc-
umentation was selected as their index diagnosis; if no PSG could be
retrieved from the time of this initial diagnosis, subsequent records
were reviewed for relevant PSG reports.

In addition to OSA severity indicators, we abstracted additional
information regarding patient characteristics from medical records and
administrative databases including: age at sleep apnea diagnosis, sex,
race (White, Black and others), Hispanic ethnicity (Hispanic, non-
Hispanic), healthcare utilization, smoking history (never smoker,
former smoker, current smoker), and body mass index (BMI).
Healthcare utilization was categorized according to the total number of
healthcare visits to UWM facilities and providers in the five years
subsequent to OSA diagnosis, including outpatient clinic visits and in-
patient visits (categorized into< 5 or ≥5).

2.3. Statistical methods

In descriptive analyses, we examined the distribution of patient
characteristics according to participant type (i.e., subcohort member,
case). We also examined OSA severity indicators by subcohort/case
status with a Chi square test. We used weighted Cox proportional ha-
zards regression to calculate hazard ratios (HR) and 95% confidence
intervals (CI) for the association of OSA severity measures with cancer
incidence; weighting was based on methods by Borgan et al, which
accounts for the oversampled subcohort members from the UWM sleep
center by assigning a weight of> 1 to subcohort members based on
sampling population size and 1 to cases (Borgan and Samuelsen, 2003).
Cancer cases not included in the randomly sampled subcohort (n=304
out of 328), contributed to the analysis only from the time immediately
preceding their cancer diagnosis (i.e., left truncation). Analyses were
adjusted for age at OSA diagnosis, sex, race, smoking and BMI. We also
conducted age (< 60 vs ≥60 years at OSA diagnosis) and sex stratified
analyses.

We performed several sensitivity analyses: excluding participants in
the bottom 25% or alternatively the bottom 10% of total sleep time on
PSG (given that these patients may not have slept long enough to yield
an informative PSG); restricting to the OSA patients diagnosed with
OSA at the UWM Sleep Center; and restricting to only those with a
receipt of CPAP order from the medical record, at any time subsequent
to the initial OSA diagnosis date, was recorded as an indicator for CPAP
treatment. All analyses were conducted in Stata 14.0 (College Station,

Texas) (StataCorp, 2015) with significance level considered at 0.05
alpha level.

3. Results

The subcohort had a median follow-up of 1851 days after OSA di-
agnosis (IQR: 1002-2,835 days). Baseline characteristics of the study
population are provided in Table 2, by subcohort status. Among those
in the randomly sampled subcohort, the mean age at OSA diagnosis was
50 years, 43% were female, 75% were white, 44% were obese, 13%
were smokers, and 90% had> 5 clinical visits in the last 5 years. The
case group was slightly older at OSA diagnosis (mean age= 57 years)
and with higher AHI (mean 47 events/h sleep vs. 41 events/h sleep in
the subcohort), but was otherwise similar in the distribution of sex,
race, BMI, smoking prevalence, and hospital and clinic visits. Further-
more, the distributions of the OSA severity indicators were similar
across the two groups, including similarities in the proportion of par-
ticipants with missing values.

The risk of cancer across levels of OSA severity indices is shown in
Table 3. Overall, compared with individuals in the lowest AHI category

Table 1
OSA severity measures defined based on clinical guidelines and prior studies.

Measure Definition Categories

AHI # apnea or hypopnea
events per hour of
sleep

Mild= 5–14.9
Moderate= 15–29.9
Severe > 30

Hypoxemic burden,
Tsat90

% of sleep time spent
with oxygen
saturation levels
< 90%

Mild≤ 1.2%
Moderate= 1.2–12%
Severe≥ 12%

Oxygen desaturation
index, ODI3

# times per hour
sleep that blood
oxygen levels drop
by 3%

Mild/moderate/severe
(defined by tertiles)

Oxygen saturation nadir
(lowest_satO2)

Lowest level of
oxygen saturation
observed

Mild= 86–90%
Moderate= 80–85%
Severe≤ 80%

Arousal index # arousals per hour
of sleep

Mild≤ 20
Moderate= 21–40
Severe≥ 40

Table 2
Sub-cohort SEER linked Study population attributes.

Comparison
(n= 304)

Subcohort
(n= 1162)

Mean age (SD) 57.2 (10.8) 50.4 (12.9)
Sex
Females 43.1 42.8
Males 56.9 57.2

Race
White 75.3 71.1
Black 10.9 12.5
Other 13.8 16.4

BMI, %
Healthy Weight (18.5–24.9),
kg/m2

7.24 10.8

Overweight (25.0–29.9) 22.0 19.3
Obese (≥30) 44.1 43.3
Missing 26.6 26.7

Smoking, %
Current 12.5 13.3
Former 28.0 18.9
Never 37.2 42.1
Missing 22.4 25.7

Visit in 5 years
5+ 90.1 87.2
< 5 9.9 12.8

Location of diagnosis
UW Medicine Sleep Center 67.4 67.5
Affiliated clinic 32.6 32.5

OSA severity indicators, mean
(SD)

AHI
% missing

47.0 (31.1) 41.3 (34.7)
25.3 27.6

Tsat 90%
% missing

12.0 (20.4) 11.9 (22.0)
26.6 29.9

ODI_3%
% missing

26.3 (28.5) 27.7 (32.4)
30.3 42.9

Lowest_satO2
% missing

83.3 (9.00) 82.7 (11.0)
25.7 27.3

Arousal index
% missing

45.8 (27.3) 43.3 (27.8)
29.3 32.4

Definition of abbreviations:
OSA: Obstructive sleep apnea.
AHI: Apnea or Hypopnea events per hour of sleep;
TSat90%: percent of nighttime spent with oxygen saturation, 90%.
ODI_3%: Oxygen desaturation index number times per hour sleep that blood
oxygen levels drop by 3%.
Lowest_satO2: Oxygen saturation nadir Lowest level of oxygen saturation ob-
served.
Arousal index: number of arousals per hour of sleep.
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(5–14.9 events/h of sleep), indicating mild OSA, the adjusted HR (95%
CI) for cancer incidence associated with moderate (15–29.9 events/h of
sleep) and severe (> 30 events/h of sleep) OSA were 0.72 (0.40, 1.29)
and 0.87 (0.52, 1.45), respectively. Similarly, cancer risk among those
subjects with moderate or severe hypoxemic burden (based on Tsat90)
was not significantly different from the cancer risk among those with
mild hypoxemic burden (HR=1.16 (0.73, 1.83) and 1.13 (0.69, 1.86),
respectively). Associations with oxygen desaturation index, oxygen
desaturation nadir, and arousal index were also not statistically sig-
nificant, albeit with HRs<1. The five indicators yielded consistently
null results when modeled as continuous measures. Similar findings
were also observed in age- and sex-specific analyses.

Fig. 2 shows the proportion of study participants with severe OSA
according to different indices across common cancer sites. Among in-
dividuals with cancers of the prostate, corpus uteri, and lung, and in
those with melanoma, the proportion of individuals with severe OSA
was significantly higher relative to the subcohort for all OSA severity
indices. Among those with kidney cancer, the proportion with severe
OSA was elevated relative to the subcohort for four out of five severity
metrics. Moreover, the proportion of cancer cases with severe OSA
based on elevated AHI, was higher than that in the subcohort for all
evaluated cancer sites, with the exception of breast cancer and lym-
phoma.

The results from the sensitivity analysis was congruent and similar
with the main analysis.

4. Discussion

In this study, the proportion of patients with severe OSA was higher
among individuals with prostate, melanoma, corpus uteri, lung cancer,

thyroid and kidney cancers than among those in the randomly sampled
subcohort of individuals with OSA. However, in a multivariable-ad-
justed regression analyses, we found that overall cancer risk in in-
dividuals with moderate or severe OSA was not significantly different
from individuals with mild OSA. Although limited by small numbers,
we observed no statistically significant association between the pre-
scription of a CPAP and subsequent cancer.

Our current findings do not fully corroborate prior animal studies
and in vitro models which have clearly shown the oncogenic potential
of intermittent hypoxia and fragmented sleep, two of the hallmark
characteristics of OSA. Specifically, exposures to intermittent hypoxia
in a mouse model of melanoma resulted in increased tumor growth and
tumor metastasis (Almendros et al., 2012b). Other recent human stu-
dies have reported a 7% increased risk of cancer incidence per 10-unit
increase in Tsat90 (Campos-Rodriguez et al., 2013), and have observed
higher ODI 3% and AHI to be associated with greater aggressiveness of
cutaneous melanoma (Martinez-Garcia et al., 2018).

We compared cancer incidence between moderate and severe sleep
apnea to mild sleep apnea but found no evidence of a significant as-
sociation. Such negative findings in the exploration of severity in-
dicators may reflect the presence of carcinogenic potential for all levels
of OSA severity, such that increments in such risk over the severity
spectrum may require much larger sample sizes. Indeed, increased
cardiovascular risk has been observed even with very mild levels of
sleep apnea in previous studies (Peppard et al., 2000; Shahar et al.,
2001).

Furthermore, due to scarcity of data on CPAP adherence, we were
unable to account for treatment in our study; this may partially explain
our null results. Indeed, 25% of the cohort had no information re-
garding CPAP prescription and, among those patients with a CPAP

Table 3
Overall and sex specific association of OSA severity metrics with cancer incidence in SEER linked sub-cohort.

Overall (N= 1466) Males (n=838) Females (n=628) Age < 60 (n=1053) Age 60+ (n=413)

Adjusted HR (95% CI) Pvalue Adjusted HR (95% CI) Pvalue Adjusted HR (95% CI) Pvalue Adjusted HR (95% CI) Pvalue Adjusted HR (95% CI) Pvalue

AHI
Continuous 0.98 (0.95, 1.01) 0.301 0.98 (0.93, 1.02) 0.316 1.00 (0.96, 1.04) 0.957 1.01 (0.98, 1.05) 0.548 0.97 (0.91, 1.03) 0.343
5–14.9
15–29.9 0.72 (0.40, 1.29) 0.272 0.39 (0.16, 0.96) 0.04 0.86 (0.40, 1.88) 0.71 0.76 (0.38, 1.50) 0.430 0.44 (0.13, 1.51) 0.191
30+ 0.87 (0.52, 1.45) 0.590 0.40 (0.18, 0.89) 0.024 1.28 (0.67, 2.46) 0.449 0.79 (0.43, 1.46) 0.453 0.96 (0.32, 2.86) 0.94

Tsat90, %
Continuous 1.02 (0.98, 1.07) 0.291 1.05 (0.99, 1.11) 0.108 1.01 (0.95, 1.08) 0.784 1.02 (0.98, 1.07) 0.321 1.04 (0.93, 1.16) 0.472
< 1.2
1.2–12.9 1.16 (0.73, 1.83) 0.526 1.25 (0.63, 2.48) 0.522 1.13 (0.59, 2.19) 0.709 1.11 (0.63, 1.95) 0.725 1.19 (0.48, 2.91) 0.707
13+ 1.13 (0.69, 1.86) 0.626 1.46 (0.72, 3.00) 0.3 1.07 (0.52, 2.20) 0.853 1.40 (0.81, 2.41) 0.229 0.90 (0.32, 2.51) 0.835

ODI_3percent
Continuous 0.99 (0.96, 1.02) 0.557 1.00 (0.97, 1.03) 0.975 0.98 (0.91, 1.05) 0.564 1.00 (0.98, 1.03) 0.743 0.96 (0.88, 1.05) 0.394
1st tertile
2nd tertile 0.91 (0.57, 1.45) 0.682 1.31 (0.62, 2.78) 0.481 0.77 (0.41, 1.46) 0.422 0.67 (0.38, 1.17) 0.725 1.68 (0.86, 4.32) 0.282
3rd tertile 0.73 (0.43, 1.25) 0.242 1.03 (0.46, 2.28) 0.070 0.60 (0.27, 1.30) 0.197 0.92 (0.50, 1.68) 0.779 0.50 (0.16, 2.48) 0.213

Lowest_satO2
Continuous 0.96 (0.85, 1.08) 0.468 0.93 (0.77, 1.11) 0.427 1.00 (0.88, 1.13) 0.942 0.89 (0.78, 1.02) 0.105 1.23 (0.88, 1.72) 0.225
86–90
80–85 0.93 (0.57, 1.53) 0.786 0.89 (0.45, 1.77) 0.736 1.26 (0.63, 2.51) 0.521 1.07 (0.60, 1.93) 0.814 0.54 (0.18, 1.61) 0.274
< 80 0.89 (0.53, 1.50) 0.666 0.87 (0.41, 1.82) 0.704 1.01 (0.45, 2.25) 0.977 0.81 (0.44, 1.51) 0.515 1.01 (0.37, 2.78) 0.985

Arousal Index
Continuous 1.01 (0.97, 1.04) 0.744 1.00 (0.95, 1.05) 0.987 1.02 (0.97, 1.08) 0.463 1.03 (0.98, 1.07) 0.236 1.00 (0.92, 1.07) 0.902
< 20
21–40.9 0.80 (0.48, 1.35) 0.413 0.41 (0.19, 0.88) 0.022 1.28 (0.64, 2.60) 0.386 0.75 (0.39, 1.46) 0.402 0.73 (0.28, 1.93) 0.527
41+ 0.91 (0.54, 1.34) 0.728 0.44 (0.20, 0.96) 0.039 1.48 (0.74, 2.97) 0.270 0.94 (0.49, 1.80) 0.853 0.81 (0.30, 2.16) 0.675

Definition of abbreviations: AHI: apnea-hypopnea index;
sleep apnea; TSat90 ¼ percent of nighttime spent with oxygen saturation, 90%.
ODI: Oxygen desaturation index # times per hour sleep that blood oxygen levels drop by 3%.
Lowest_satO2 Oxygen saturation nadir Lowest level of oxygen saturation observed.
Arousal index # arousals per hour of sleep.
*Adjusted for age, sex, body mass index, race, smoking status stratified on sleep center.
Continuous measures: estimates for 5 unit increase (exception: 5unit decrease for lowest_sat02).
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prescription, usage data were missing in 80% of cases. CPAP prescrip-
tions do not necessarily translate into CPAP usage, with long-term ad-
herence rates estimated to be only 60–70% regardless of disease

severity, with adherence being defined as use> 4 h/night 5 nights per
week, clearly far from ideal adherence (Rotenberg et al., 2016). How-
ever, the results remained unchanged when we restricted the analysis to

Fig. 2. Proportion of participants with severe obstructive sleep apnea (OSA) by 5 indicators across cancer sites. Severe OSA cut-off by indicators with p-values
comparing distribution across cancer sites and subcohort.
A) AHI: Apnea or Hypopnea events per hour of sleep:> 30, p=0.001.
B) Arousal Index: number of arousals per hour of sleep:> 40, p=0.298.
C) Lowest_satO2: lowest level of oxygen saturation n observed:< 80%, p=0.974.
D) ODI_3percent: number of times per hour sleep that blood oxygen levels drop by 3%: highest tertile, p=0.974.
E) Tsat90percent: percent of sleep time spent with oxygen saturation levels< 90%: 12%, p=0.29.
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patients who had indicators of a CPAP order in their medical record. In
addition, we have no information regarding other OSA treatments, such
as surgery or oral appliances, which may also impact our results in
unpredictable ways.

This study has some key limitations. First, 27%–40% of OSA pa-
tients were missing information across the 5 severity indicators
(Supplemental Table 1). Those patients with missing severity metrics
differed from those with complete data with respect to demographic
factors, smoking and BMI. For example, the majority of those missing a
severity indicator value were females, younger, and Black. The pro-
portion of OSA patients missing smoking, BMI and hospital and clinic
visits data was also higher among those missing severity indicators.

In addition, we did not have data on other potential confounding
variables, such as alcohol consumption and occupation (e.g., shift
work) which could both impact sleep apnea (Simou et al., 2018;
Paciorek et al., 2011) and cancer risk (Praud et al., 2016; Purdue et al.,
2015). However, we adjusted for other available key confounders, such
as BMI and smoking, which are both associated with alcohol con-
sumption. Also given the positive relationship of alcohol consumption
and OSA and cancer risk respectively we expect that our observed null
results would likely have been further attenuation had we been able to
adjust for this particular confounder.

Furthermore, our study lacked statistical power for an analysis of
OSA with site-specific cancer incidence. Therefore, given the hetero-
geneity of the relationship between OSA and the incidence of site-
specific cancers (Gozal et al., 2016; Sillah et al., 2018; Silberfarb et al.,
1993), it is plausible that the associations when all cancer types are
combined will mask the effect of the OSA severity indicators on risk of
specific anatomic sites. Our ascertainment of cancer diagnoses was also
limited to the 13-county catchment area of the CSS cancer registry. As
such, we could have missed other cancers diagnosed if or when in-
dividuals with sleep apnea moved outside the 13-county region. For
instance, based on linkage with the National Death Index (NDI), 5 pa-
tients in the subcohort died of cancer, but were not captured as having
experienced a cancer diagnosis via our cancer registry linkage due to
having been diagnosed outside the registry catchment area. In addition,
we had a relatively short follow-up period (mean=5.3 years); it is
plausible that the impact of OSA on cancer risk involves a longer in-
duction period, such that longer follow-up duration might be necessary
to observe true associations. Lastly, there is a potential for patient re-
ferral bias in our clinical cohort. Specifically, referred patients are more
likely to be engaged with their healthcare and therefore more likely to
receive a cancer diagnosis, which will reduce the heterogeneity of
cancer diagnosis across the OSA severity groups. This bias could in part
explain the null effect estimates observed in the study.

A strength of our study compared to prior work (Campos-Rodriguez
et al., 2013; Martinez-Garcia et al., 2018; Martinez-Garcia et al., 2014b)
is our comprehensive assessment of OSA severity indicators. We also
had the ability to link sleep apnea cases with a population-based cancer
registry, allowing for more comprehensive identification of cancer cases
in our cohort.

In conclusion, no significant associations emerged between 5 key
measures of OSA severity and cancer incidence; however, we con-
sistently found a higher proportion of severe OSA among patients with
kidney, prostate, melanoma, corpus uteri, and lung cancers. Larger
studies with complete datasets on OSA severity indicators are needed to
definitively establish whether dose-dependent relationships are indeed
operationally detectable in OSA patients and site-specific cancer risk.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.pmedr.2019.100886.
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