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ABSTRACT

Objective: The association between obstructive sleep apnea (OSA) and cancer mortality has
scarcely been studied. The objective of this study was to investigate whether OSA is
associated with increased cancer mortality in a large cohort of patients with OSA suspicion.
Methods: This was a multicenter study in consecutive patients investigated for suspected
OSA. OSA severity was measured by the apnea—hypopnea index (AHI) and the hypoxemia
index (% night-time spent with oxygen saturation <90%, TSatgo). The association between
OSA severity and cancer mortality was assessed using Cox’s proportional regression analyses

after adjusting for relevant confounders.



Results: In all, 5427 patients with median follow-up of 4.5 years were included. Of these, 527
(9.7%) were diagnosed with cancer. Log-transformed TSatgy was independently associated
with increased cancer mortality in the entire cohort (hazard ratio [HR], 1.21; 95% confidence
interval [CI], 1.03—1.42), as well as in the group of patients with cancer (HR, 1.19; 95% CI,
1.02-1.41). The closest association was shown in patients <65 years in both the AHI
(continuous log-transformed AHI, HR, 1.87;95% CI, 1.1-3.2; upper vs lower AHI tertile,
HR, 3.98; 95% CI, 1.14-3.64) and the TSatg, (continuous log-transformed TSatgy: HR, 1.73;
95% (I, 1.23-2.4; upper vs lower TSatyg tertile: HR, 14.4; 95% CI, 1.85-111.6).
Conclusions: OSA severity was associated with increased cancer mortality, particularly in
patients aged <65 years.
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1. Introduction

Obstructive sleep apnea (OSA) is characterized by repetitive episodes of partial or
total obstruction of airflow, causing intermittent oxygen desaturation and sleep disruption [1—
8]. Intermittent hypoxia (IH) is-a hallmark of OSA severity and results in considerable injury
at cell level [9]. IH has been associated with the overexpression of oxidative stress and
inflammatory transcription factors, which are potentially involved in de-novo carcinogenesis,
accelerated tumor growth, and increased resistance to treatments [9—14]. It is therefore
biologically plausible to anticipate an association between OSA and cancer incidence and
mortality [15,16]. Accordingly, Almendros et al. recently observed in an animal model of
melanoma that mice subjected to an IH pattern mimicking OSA presented increased tumor
growth rate [17] and metastasis to the lung [18], compared with normoxic controls. Along the
same lines, our research group has recently reported greater cancer incidence in OSA patients
with increased overnight hypoxia [19].

The only study that has previously addressed the association between OSA and cancer
mortality in humans is based on the analysis of the Wisconsin Sleep Cohort — a community-
based sample — which found a positive relationship between OSA and increased mortality
from cancer [20]. Nevertheless, to the best of our knowledge, the association between OSA
and cancer mortality in a large clinical cohort has so far not been analyzed. Given the
potential clinical impact of such an association — both in terms of prognosis and therapy — the
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aim of our study was to analyze the relationship between cancer mortality and the severity of
OSA in a large sample of patients suspected of suffering from this sleep-disordered breathing.
2. Methods
2.1. Design and participants

This was a multicenter, longitudinal, retrospective cohort study in consecutive patients
aged >18 years included in the databases of seven Spanish Sleep Units who had been assessed
for suspected OSA between 2000 and 2007. We excluded patients with chronic respiratory.
failure (defined as chronic oxygen saturation <90% while breathing room air or prescribed
domiciliary oxygen) or lack of available data on cancer, vital status or sleep study. The ethics
committee of each center approved the study.
2.2. Data collection

All baseline variables were obtained from medical records and computerized databases
in all the centers, and they were systematically recorded using a standardized protocol. The
following baseline variables were assessed: age (years), body mass index (kg/m2, BMI), sex,
enrolment hospital, alcohol intake (g/day) and smoking habit (pack-years). The following
variables related to the sleep study and treatment were also recorded: type of diagnostic sleep
study — full polysomnography (PSG) or respiratory polygraphy (RP) — apnea—hypopnea index
(AHI), hypoxemia index (night-time spent with oxygen saturation <90%, TSatg) and
continuous positive airway pressure (CPAP) prescription and compliance.
2.3. Sleep study and CPAP treatment

All patients underwent a diagnostic sleep study, either full standard PSG or RP, with a
validated device, following the Spanish Society of Pneumology and Thoracic Surgery and
standard guidelines for OSA diagnosis and treatment [21,22]. All the patients undergoing RP
with recording artifacts, or presenting any discrepancy between the RP results and the clinical
suspicion of OSA, a predominance of central events, or a subjective sleep time of <3 h, went
on to have a full PSG. All the sleep test data were recorded manually by trained personnel.
Apnea; hypopnea and AHI were defined following standard guidelines [21]; TSatoy was
defined as the percentage of night-time with arterial oxygen saturation (Sa0,) <90%. CPAP
was titrated in the sleep laboratory on a second night by either full standard PSG or an
autotitrating CPAP device. Adherence to CPAP was objectively assessed by the time counter
on the device, from the start of treatment to the end of the follow-up.
2.4. Main endpoint of the study

The study’s main endpoint was all-type cancer mortality. The follow-up finished on
December 31, 2010. The presence of cancer and vital status was thoroughly assessed by using
multiple concurrent approaches, which included: cancer and pathology registries, a review of
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hospital and outpatient medical records, computerized databases and, when necessary, contact
with the primary care physician in charge of the patient. When a participant died, information
about the cause and date of death was obtained from the hospital medical records, if the
patient died in the hospital, or from official death certificates in other cases.

2.5. Statistical analysis

The SPSS 19.0 package (SPSS Inc., Chicago, I, USA) was used for the statistical
analysis. Continuous variables are expressed as mean and standard deviation or median and
interquartile range (IQR). Qualitative variables are indicated as absolute values and
percentages. Normality in the distribution of variables was assessed by using the
Kolmogorov—Smirnov test. Patients who did not die from cancer were censored at the date of
death from any cause, date of last contact or end of follow-up, whichever occurred first. OSA
severity was measured using TSatgy and AHI, both as continuous variables and as tertiles, the
lower category being the reference group. Moreover AHI was also measured as usual groups
of severity (AHI <5, no OSA; AHI 5-14.9, mild OSA; AHI 15-29.9, moderate OSA; AHI
>30, severe OSA). Since AHI and TSatgy did not follow a normal distribution a log-transform
method was used to analyse these variables as continuous. The baseline differences between
the categorized groups were analyzed using the one-way analysis of variance test with
Bonferroni correction in case of normal distribution, or the non-parametric Kruskal-Wallis
test in that of non-normal distribution. The xz—test or Fisher exact test was used, as
appropriate, to compare qualitative variables. Multiple imputation by chained equations was
used in the case of missing valuesof BMI, TSatg, alcohol intake or smoking habit as
continuous variables, generating a high number of 50 imputations per missing value in order
to minimize the inherent simulation error.

Cumulative cancer mortality for each OSA category was calculated using the Kaplan—
Meier method, and mortality curves were compared with the log-rank test. Association
between cancer mortality and OSA severity was estimated using Cox proportional hazard
regression models, with adjustment for the following potential confounders of clinical
interest: age, sex, BMI, smoking status, alcohol intake, type of sleep study, and enrolment
hospital (the latter included as a random effect). The results were expressed as hazard ratio
(HR) and 95% confidence interval (CI).

To assess the effect of sex, CPAP treatment and age (dichotomized into <65 and >65
years) on the association of OSA with cancer mortality, additional subgroup analyses were
performed. Moreover, given that, hypothetically, increased cancer mortality may be attributed
to a greater cancer rate, a sensitivity analysis was performed with only patients diagnosed

with cancer. The beginning of the time scale was the date of cancer diagnosis. A patient was



considered untreated if he/she did not receive active treatment or showed persistent bad
compliance with CPAP (cumulative objective use <4 h/day or CPAP dropout). P < 0.05 was
considered statistically significant.

3. Results

The initial analysis cohort included 5578 patients with clinical suspicion of OSA (Fig.
1). After applying the exclusion criteria, 5427 (97.5%) were included for analyses. Median
age was 53.9 (13.1) years, and 22.2% were aged >65 years. Median (interquartile range
[IQR]) AHI was 30 (14-52). CPAP was prescribed in 40.7% of patients. Data on TSatgy were
available in 5131 patients (94.5%); 65.9% of patients underwent RP and 34.1% full PSG.

Table 1 shows the main baseline characteristics between groups, divided into AHI
tertiles. As expected, older age, male sex, and BMI were associated with increased OSA
severity. Moreover, alcohol intake and smoking habit were also associated with increased
OSA severity.

Median follow-up was 4.5 (IQR: 3.6-5.6) years (25,079.75 person-years). In all, 527
patients either received a diagnosis of cancer or had a prior history of cancer (9.7%). There
were 369 all-cause deaths over the course of the study (6.8%) and 90 patients died from
cancer (24.4% of deaths). The most frequent location sites of mortal cancers are shown in
Table 2, according to sex and age.

Cumulative cancer mortality increased across TSatyy categories (Fig. 2A) but no
differences were found across AHI tertiles or severity categories (Fig. 2B). However,
compared to the lower category, the fully adjusted HR (95% CI) of cancer mortality for the
upper TSatyy category (TSatgp >13%) in the Cox regression analysis was 2.06 (1.72-4.58; P =
0.0001). A significant fully adjusted increase in mortality risk was also observed with
increasing log-transformed TSatyy as a quantitative variable (1.21 [1.03-1.42]; P =0.019;
Table 3). AHI categories were not associated with cancer mortality (Table 3).

3.1. Untreated patient analysis

When an additional analysis was run with only untreated patients, the association
between cancer mortality and TSatgg did not change significantly. AHI was not associated
with cancer mortality in the adjusted analysis (Table 3).

3.2. Age and sex analyses

Statistically significant interactions were found between age (dichotomized into <65
and >65 years) and both AHI (P = 0.002) and TSatg (P = 0.031) and between sex and TSatgg
(P =0.043). When stratified analyses were run, cancer mortality was associated in patients

aged <65 years with both TSatgy and AHI categories, as well as with TSatgy and AHI



considered as log-transformed continuous variables (Table 4); and in men, TSaty, categorized
in tertiles as well as in linear terms, was associated with cancer mortality (Table 5).
3.3. Analysis of patients with a cancer diagnosis

When we analyzed the group of 527 patients with a diagnosis of cancer, only TSatg as
a log-transformed continuous variable was significantly associated with cancer mortality after
adjusting for confounders (HR, 1.19;95% CI, 1.02-1.41; P=0.021; Table 6). However, in
patients aged <65 years, OSA severity measured by both AHI and TSatg was independently
associated with increased mortality from cancer (Table 7).

4. Discussion

To our knowledge this is the first study in the literature to analyze the association
between OSA and cancer mortality in a large clinical cohort. We have found that OSA
severity measured by overnight hypoxia was associated with increased cancer mortality. The
closest association was seen, however, in patients aged <65 years. These results were
replicated in the group of patients with a diagnosis of cancer.

Intermittent hypoxia is one of the most specific landmarks of OSA and plays an
important role in regulating tumor formation and progression. HIF-1 activates the
transcription of genes that play critical roles in angiogenesis, stress oxidative response,
genetic instability, immune evasion, metabolic reprogramming, invasion and metastasis,
radiation resistance and stem-cell maintenance, as well as the faster spread of cancer [9—
14,23-25]. Experimental studies in a mouse model of melanoma have shown that intermittent
hypoxia similar to that found in OSA enhances tumor growth and metastasis and also worsens
cancer outcome [17,18]. Only one previous study has addressed this topic in humans. Nieto et
al. [20] analyzed 1522 subjects in a 22-year follow-up population-based study from the
Wisconsin Sleep Cohort, reporting a significant increase in the probability of death from
cancer in patients with severe OSA. Whether this finding reflects a more aggressive behavior
of cancer in OS A patients can only be indirectly inferred, however, as the authors themselves
and an-editorial in this journal have acknowledged [20,25]. Since the study does not supply
data on cancer diagnosis, it cannot be ruled out that this increase in cancer death was simply
due to a higher cancer rate, as reported in a recent study [19].

In our large cohort investigated for suspicion of OSA, we found that overnight
hypoxia was independently associated with increased cancer mortality. These findings concur
with those of the Wisconsin study [20], where the association between cancer mortality and
OSA severity was stronger when the time spent with oxygen saturation <90% (the same

oximetric parameter used in our study) was used as a surrogate of OSA severity.



The most especially relevant finding of our study, however, was that the association
between OSA and mortality from cancer seems to be limited to younger patients. In our study,
patients aged <65 years with an AHI >44.5 had a four-fold greater adjusted risk of cancer
mortality, compared with those with an AHI <19.1, and this risk was greater when oximetric
parameters were considered. The significant association between both continuous AHI and
TSatgg and mortality suggests that cancer mortality increases with OSA severity.

Given that in our study we knew which patients had had a prior history of cancer or
had developed an incident cancer during the follow-up, we had the unique opportunity to
assess cancer mortality in this subgroup of 527 patients. This sensitivity analysis replicated
the results of the entire cohort. These data suggest that in our study increased cancer mortality
in younger patients with OSA cannot be attributed only to higher cancer incidence but also
probably to more aggressive tumor behaviour.

The reasons why OSA may increase mortality from cancer in younger, but not in
elderly, patients are unclear. Although this lack of association found in our study should be
interpreted cautiously because of its methodological limitations, this result concurs to a
certain extent with a very recent study by Christensen et al. using the Copenhagen City Heart
study, comprising more than 8000 patients with a follow-up of 13 years. They found that
daytime hypersomnia was associated with a nearly five-fold cancer risk only among younger
individuals (aged <50 years) although caution should be taken in the comparison between
these studies because the different average age [27]. One possible explanation for the presence
of this association only in younger patients is the ischemic preconditioning hypothesis, which
was pre-established ina cardiovascular context but could also play a role in older patients
suffering from cancer [28]. Accordingly, older survivors with a long-term intermittent
hypoxia challenge could develop some compensatory mechanisms to counteract intermittent
tissue hypoxia, resulting in a lower mortality from cancer, although this hypothesis has yet to
be proved. Another explanation might be that, at older ages, relative risks observed for risk
factors-and outcomes are almost universally smaller that at younger ages by the effect of
aging itself.

It is worth noting that when patients with good adherence to CPAP treatment were
excluded from the analysis, the association between OSA severity and cancer mortality
became more intense, opening up the possibility of a protective effect derived from CPAP. A
similar finding was reported by Nieto et al. [20] in their analysis of the Wisconsin Sleep
Cohort. Nevertheless, this parameter was not the main outcome in either of these studies;
accordingly, the results related to CPAP treatment must be interpreted with caution and

investigated by specific research.



The main strengths of our study include the fact that it is the first in the literature to
investigate the association between OSA and cancer mortality in a large, clinical multicenter
cohort comprising more than 5000 patients. In this respect, almost no data on cancer were lost
since both cancer diagnosis and causes of mortality were thoroughly investigated by means of
several concurrent approaches. Furthermore, as the presence of either a history of prior cancer
or the occurrence of a new cancer during the follow-up were thoroughly traced, we had the
possibility to investigate cancer mortality in a subgroup of patients with cancer, in order to
exclude the bias of increased mortality being simply due to a higher cancer rate. This clinical
series has the advantage of their clinical application since the patients included in this study
are representative of the type of patients usually referred to a sleep laboratory.

It is important, however, to mention the limitations of the study. First, the
retrospective design of our study means that some relevant variables in cancer mortality (e.g.
lifestyle, hours of sleep, nutrition, physical activity, cancer treatments or cancer stages) were
not collected, so we cannot rule out their influence on the conclusions of the study.
Nevertheless, the most relevant confounders with respect to cancer mortality, such as tobacco
use, alcohol intake, obesity, sex, and age, were used in the analyses. Second, we did not use a
direct measure of intermittent hypoxia, such as the desaturation index, but rather used a
marker of hypoxia (both intermittent and chronic), night-time spent with 90% desaturation.
To minimize this potential bias, however, all patients with respiratory failure (room-air
oxygen saturation <90%) were excluded from the study. Third, some of our patients were
diagnosed by RP and this could have influenced the analyses with respect to AHI categories,
especially in mild OSA. To overcome this limitation, we included the type of study as an
adjusted variable and conducted a sensitivity analysis by separately assessing the association
between AHL and cancer mortality in patients who underwent RP or PSG. AHI, either as
categorized or as a continuous variable, was not associated with increased mortality of cancer
in the adjusted models in either of these subsets (data not shown). Fourth, because of the
retrospective nature of the study and the inclusion of both prevalent and incident cancers over
the time of sleep study in the analysis of the subgroup of patients with cancer, we did not
know the number and severity of sleep-disordered breathing at the time of cancer diagnosis.
Finally, since the present study refers to a clinical series, its conclusions may not apply to the
general population.

In conclusion, the results of this study on our clinical series suggest a positive
association between OSA severity and increased cancer mortality limited to patients aged <65
years, whereas no association was shown in women and elderly patients. Further prospective

studies are needed, not only to confirm our results but also to establish the role of other



confounders not recorded in the present study. It is also important to investigate the role of the
histological classification and organ location of the malignant tumors, as well as the potential
effect of CPAP treatment on this association.
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Table 1

Baseline characteristics of the sample, according to AHI categories.

AHI, apnea— Variables AHI<19.1 AHI19.1445 AHI>44.5
hypopnea index; (n = 1830) (n=1807) (n=1790)
BMIL bodymass  “Aqq (vears)* 514 (134) 565 (12.5) 57.7 (12.6)
index; TSato, Age >65 years* 333 (18.2) 523 (28.9) 613 (34.2)
night-time spent 110 oy 1018 (55.3) 1243 (68.4) 1274 (70.5)
with an oxygen BMI (kg/m’)* 30.8 (6.1) 32.1(5.9) 34.8 (6.6)
saturation of Obesity (BMI >30)* 1066 (57.9) 1249 (68.7) ~ 1500 (83.1)
hemoglobin Smoking (pack-years)*  12.8 (204)  15.2 (219) 18.7 (26.1)
<90%; PSG, Alcohol intake (g/day)* 7.1 (19.8) 8.7121.6) 11.5(24.2)
polysomnography A pyp« 9 (4.6-14.1) 303 (24:6-36.9) 63.9 (53-78)
study. TSatgp* 0.5 (0-4) 5(1-14) 19 (7-42.9)
Continuous PSG study* 792 (43) 594 (32.7) 485 (23.8)

variables
presented as mean (standard deviation) except for AHI and TSatyy as median (interquartile
range) and qualitative as absolute number (percentage).

Median values for alcohol intake and smoking are presented for those patients who drank
alcohol and smoked.

*P < 0.005 for comparison of age, age >65 years, sex, BMI, BMI >30, smoking use, alcohol
intake, AHI, TSatgy (night-time spent with oxygen saturation <90%), male sex,

polysomnography, and obesity across groups.
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Table 2

Location of mortal cancers in the whole group, and according to the different subgroups

studied.
Location Total deaths Deaths from cancer in subgroups studied
from cancer Age <65 years Age >65 years
Men Women Men Women
Respiratory tract 24 9 15 23 1
Gastrointestinal 20 6 14 12 8
tract
Urinary tract 6 0 6 4 2
Breast 6 2 4 0 6
Prostate 6 1 5 6 0
Hepatobiliar 5 2 3 4 1
Brain 4 1 3 5 1
Pancreatic 3 0 3 2 1
Genital tract 3 1 2 0 3
Thyroid 3 0 3 2 0
Skin melanoma 2 0 2 2 0
Hematological 1 1 0 1 0
Others 7 2 5 6 1
Total 90 25 65 66 24

Gastrointestinal tract includes esophageal, stomach and colorectal; respiratory tract includes
lungs and airway; hepatobiliar includes liver and gallbladder; hematological includes one
leukemia; skin includes melanoma; urinary includes kidney, ureter and bladder; genital tract

includes testicles, ovary and endometrium.
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Table 3

Association between cancer mortality and AHI and hypoxemia index categories.”

Obstructive sleep apnea Entire cohort Untreated patients

categories (n=5427) (n=3219)
(90 deaths) (51 deaths)
Adjusted HR P- Adjusted HR P-
(95% CI)° value (95% CI)° value
AHI (events/h)

Logio AHI (continuous) 0.98 (0.77-1.26)  0.87 0.98 (0.70-1.31)  0.87

AHI categories (tertiles)

<19.1 1 - 1 -
19.1-44.5 0.84 (0.46-1.54)  0.58 0.62 (0.29-1.37)  0.23
>44.5 0.97 (0.55-1.73)  0.92 0.96 (0.46-2.00)  0.96
AHI categories
<5 1 - 1 -
5-14.9 0.71 (0:21-1.87)  0.54 0.48 (0.13-1.53)  0.33
15-29.9 0.77 (0.35-1.74)  0.63 0.51 (0.16-1.44)  0.34
>30 0.99 (0.43-1.9) 0.77 0.98 (0.41-2.21) 0.88

Hypoxemia index, TSatg

Logio TSatog 1.21 (1.03-1.42) 0.019 1.27 (1.02-1.51)  0.03
(continuous)

TSatg categories

<1.2% 1 - 1 -
1.2%—-13% 1.61 (0.79-3.25)  0.19 1.77 (0.72-4.37)  0.22
>13% 2.06 (1.72-4.58) 0.001 2.53 (1.03-6.20)  0.043

AHI, apnea—hypopnea index; HR, hazard ratio; CI, confidence interval; TSatyy, % time <90%
saturation.

AHI and TSato as continuous variables were log-transformed (logio AHI and logo TSatgo).
"Multivariate Cox regression analyses.

bAdjusted for: age, sex, body mass index, smoking status and use, alcohol intake, type of

sleep study, and enrolment hospital.
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Table 4

Association between cancer mortality and AHI and hypoxemia index categories, stratified by

age.”

Obstructive sleep apnea

Age >65 years

Age <65 years

categories (n=1469) (n=3958)
(64 deaths) (26 deaths)
Adjusted HR (95% P- Adjusted HR P-
cn® value (95% CI°..  value
AHI (events/h)
Logio AHI (continuous) 0.81 (0.63-1.06) 0.13 1.87 (1.1=3.2)  0.02
AHI categories
<19.1 1 1
19.1-44.5 0.62 (0.85-3.10) 0.15 2.75 (0.73- 0.14
10.4)
>44.5 0.94 (0.50-1.78) 0.86 3.98 (1.14— 0.033
3.64)
Hypoxemia index, T'Satg
Logio TSaty (continuous) 1.06 (0.87-1.29) 0.57 1.73 (1.23-2.4) 0.002
TSatog categories
<1.2% 1 1
1.2-13% 0.99 (0.46-5.15) 0.99 7.63 (1.02- 0.04
61.4)
>13% 1.08 (0.51-2.30) 0.83 14.4 (1.86— 0.01
111.6)

AHI, apnea—-hypopnea index; HR, hazard ratio; CI, confidence interval; TSatyy, % time <90%

saturation.

"Multivariate Cox regression analyses.

*Adjusted for: age, sex, body mass index, smoking status and use and alcohol intake.
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Table 5
Association between cancer mortality and AHI and hypoxemia index categories, stratified by
a

SEX.

AHI, apnea—hypopnea index; HR, hazard ratio; CI, confidence interval; TSatgg, % time <90%

Obstructive sleep apnea Men Women
categories (n=13525) (n=1902)
(66 deaths) (24 deaths)
Adjusted HR P-value Adjusted HR P-
(95% CI)° (95% CD** " value
AHI (events/h)
Logio AHI (continuous) 0.95 (0.71-1.27) 0.75 0.98 (0.61- 0.95
1.56)
AHI categories
<19.1 1 1
19.1-44.5 0.75 (0.89-1.79) 0.74 0.60 (0.17- 0.60
2.08)
>44.5 0.87 (0.44-1.73) 0.69 1.23 (0.43— 0.70
3.50)
Hypoxemia index, TSatyg
Logio TSaty (continuous) 1:27 (1.02-1.57) 0.03 1.07 (0.78- 0.7
1.48)
TSatyy categories
<1.2% 1 1
1.2-13% 1.20 (0.54-2.71) 0.65 3.25 (0.68— 0.14
15.7)
>13% 1.92 (1.05-4.07) 0.023 2.00 (0.36— 0.43
11.00)
saturation.

*Multivariate Cox regression analyses.

bAdjusted for: age, body mass index, smoking status and alcohol intake.
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Table 6
Association between cancer mortality and AHI and hypoxemia index categories in patients

diagnosed with cancer.”

Obstructive sleep apnea Patients diagnosed by cancer
severity measures (n=1527)
(90 deaths)
Adjusted HR P-value
(95% CD°

Log;o AHI (continuous) 0.95 (0.75-1.20) 0.69
AHI categories (tertiles)

<19.1 1

19.1-44.5 0.77 (0.42-1.43) 0.41

>44.5 0.82 (0.45-1.48) 0.51
AHI categories

<5 1

5-14.9 0.71 (0.38-1.76) 0.36

15-29.9 0.79 (0.44-1.56) 0.44

>30 0.81 (0.44-1.57) 0.63
Logio TSatgg 1.19 (1.02-1.4) 0.021
(continuous)

TSatog categories

<12% 1
1.2-13% 1.68 (0.8-3.5) 0.17
>13% 1.67 (0.28-3.57) 0.19

AHI, apnea—-hypopnea index; HR, hazard ratio; CI, confidence interval; TSatyy, % time <90%
saturation.

Adjusted for: age, sex, body mass index, smoking status and use, alcohol intake, type of sleep
study and enrolment hospital.

"Multivariate Cox regression analysis.
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Table 7

Association between cancer mortality and AHI and hypoxemia index categories, stratified by sex and sex in patients diagnosed with cancer.”

Obstructive sleep apnea Age >65 years Age <65 years Men Women
severity measures (n=264) (n=263) (n=358) (n=169)
28 deaths 62 deaths 63 deaths 27 deaths
Adjusted HR P-value Adjusted HR P-value Adjusted HR P-value Adjusted HR P-value
(95% CI° (95% CD° (95% CI)° (95% CI°
Log;o AHI (continuous) 0.78 (0.59-1.02) 0.12 1.62 (1.08-2.4) 0.021 0.98 (0:7-1.3) 0.86 1.13 (0.78-1.01) 0.52

AHI categories

<19.1 1 - 1 - 1 - 1 -
19.1-44.5 0.68 (0.3-1.39) 0.28 2.02 (0.5-8.01) 0.32 0.82 (0.4-1.7) 0.59 0.75 (0.2-2.9) 0.68
445 0.59 (0.3-1.17) 0.13 3.7 (1.05-13.2) 0.019 0.73 (0.36-1.46) 0.37 1.29 (0.99-1.77) 0.11
Log;o TSat (continuous) 1.03 (0.84-1.28) 0.75 1.79 (1.05-3.35) 0.019 1.15 (0.96-1.37) 0.13 1.29 (0.99-1.77) 0.11

TSaty, categories

<1.2% 1 - 1 - 1 - 1 -
1.2-13% 1.12 (0.5-2.5) 0.78 8.59 (1.1-68.8) 0.043 1.45 (0.6-3.4) 0.4 2.71 (0.46-15.8) 0.27
>13% 0.99 (0.45-2.2) 0.99 12.8 (1.6-104.8) 0.017 1.78 (0.77-4.12) 0.18 1.43 (0.19-10.47) 0.22

AHI, apnea—hypopnea index; HR, hazard ratio; CI, confidence interval; TSatgy, % time <90% saturation.
*Multivariate Cox regression analyses.

®Adjusted for: age, sex, body mass index, smoking status and alcohol intake.
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Fig. 1. Flow chart of the study. OSA, obstructive sleep apnea; IQR, interquartile range.
Fig. 2. Kaplan—Meier curves. Cumulative cancer mortality, with respect to (A) hypoxemia index (% time <90% saturation, TSatyy; log-rank test, 22.27;

P <0.0001) and (B) and apnea—hypopnea index (AHI; log-rank test, 3.16; P =0.12).

[Fig. 2: Typesetter, please transpose labelling of panels A and B.]

Author queries
1. Table 1 footnote, ‘and qualitative as absolute number (percentage)’: please clarify which values are numbers (percentages) in table — the wording
currently does not seem clear.
2. Please check column subheadings for Table 2 (cf. original).

3. References 14-28 have been renumbered — please check (9 and 14 duplicated in original document).
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Figure 1

Eligible patients assessed for suspected From 2000 to 2007

0SA [n = 5,578)

7 Sleep centers in Spain

Excluded: 151

b

» 137 with Respiratory Failure
* 11 unavailable data
* 3 unavailable vital status condition

5,427 (97.3%)
patients analyzed

Median (IQR) follow-up: 4.5 (3.6 —5.6) years

369 deaths (90 from cancer [24.4%])
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Figure 2A
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