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Abstract

Rationale: Central sleep apnea (CSA) is associated with high
mortality. Current knowledge stems from studies with limited
sample size (fewer than 100 subjects) and in homogeneous
populations such as heart failure (HF).

Objectives: To address this knowledge gap, we compared the
mortality pattern and time to death between the CSA and
obstructive sleep apnea (OSA) patients in the large Veterans
Health Administration patient population using the big data
analytic approach.

Methods: This is a retrospective study using national Veterans
Health Administration electronic medical records from October 1,
1999, through September 30, 2020. We grouped the patients with
underlying sleep disorders into CSA and OSA, using the International
Classification of Diseases, Ninth and Tenth Revision codes. We
applied Cox regression analysis to compare the mortality rate and
hazard ratio (HR) among the two groups and adjusted HR by gender,
race, body mass index (BMI), age, and Charlson Comorbidity Index.
In CSA groups, a machine-learning algorithm was used to determine
the most important predictor of time to death. Further subgroup
analysis was also performed in patients that had comorbid HF.

Results: Evaluation of patients resulted in 2,961 grouped as CSA
and 1,487,353 grouped as OSA. Patients with CSA were older
(61.86 15.6 yr) than those with OSA (56.76 13.9 yr). A higher
proportion of patients with CSA (25.1%) died during the study
period compared with the OSA cohort (14.9%). The adjusted HR
was 1.53 (95% confidence interval [CI], 1.43–4.65). Presence of
HF history of cerebrovascular disease, hemiplegia, and having a
BMI less than 18.5 were among the highest predictors of
mortality in CSA. The subgroup analysis revealed that the
presence of HF was associated with increased mortality both in
CSA (HR, 7.4; 95% CI, 6.67–8.21) and OSA (HR, 4.3; 95% CI,
4.26–4.34) groups.

Conclusions: Clinically diagnosed CSA was associated with a
shorter time to death from the index diagnostic date. Almost
one-fifth of patients with CSA died within 5 years of diagnosis.
The presence of HF, history of cerebrovascular disease and
hemiplegia, male sex, and being underweight were among the
highest predictors of mortality in CSA. CSA was associated with
higher mortality than OSA, independent of associated
comorbidity.
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Central sleep apnea (CSA) is characterized by
the repetitive reduction or cessation of
airflow because of reduced ventilatory effort
during sleep. It is less prevalent than
obstructive sleep apnea (OSA), another
breathing-related sleep disorder in which
ventilatory effort is preserved (1–3). It is
frequently associated with several other
comorbid medical conditions, such as heart
failure (HF) (4–7), andmedications, such as
opioids (8). Several studies have shown that
CSA is associated with increased mortality
(9–12). These studies are limited to a
relatively smaller sample size (n=36–88), a
homogeneous population such as HF, and
a sample bias, as patients were recruited from
a single center. Thus, there is a knowledge
gap in assessing the CSA-related mortality
patterns involving a larger cohort of patients
that is not homogeneous and involves
various etiologies and comorbid conditions.

The Veteran Health Care system’s
electronic medical record database was used
to identify a cohort of patients to address this
knowledge gap by analyzing its outpatient
and inpatient administrative databases. The
VHA (Veterans Health Administration) is
the largest integrated healthcare system in
the United States, providing care at 1,293
healthcare facilities and serving 9 million
enrolled veterans each year (13). Given the
breadth of available data, this dataset was
uniquely positioned to answer this question
at a longitudinal, national, system-based
level. The primary objective of this study was
to compare the average time to death from
the diagnosis between patients with CSA and
OSA in a real-world setting, using the big
data analytic approach. These two
mechanistically disparate sleep-disordered
breathing syndromes have a similar final
pathway of recurrent apneas and hypopneas,
sleep fragmentation, and intermittent
hypoxia.

Methods

Baylor College of Medicine’s institutional
review board (H-35366) andMichael E.
DeBakey Veteran Affairs medical center
research and development committee
approved this research.

Study Design and Setting
The study was performed using VHA
electronic medical records fromOctober 1,
1999, through September 30, 2020. The
patients were followed until December 20,
2021.We included patients with any ICD-9
(International Classification of Disease,
Ninth Edition) or ICD-10 (10th Edition)
codes. Among eligible subjects, two cohorts
were defined: 1) patients with CSA; and
2) patients with OSA.

The CSA or OSA are considered
confirmed diagnoses on the basis of two
separate outpatient encounters at least
30 days apart or one inpatient encounter. The
CSA group was defined using the following
ICD codes: ICD-9 codes: 327.21 and 327.27;
ICD-10 codes: G47.31 and G47.37. The OSA
group was defined using the following ICD
codes: ICD-9 codes: 327.23, 327.20, and 327.2;
ICD10 code: G47.33. The date of the patient’s
first diagnosis was used as the index date.
Cases with an overlapping diagnosis of both
OSA and CSAwere excluded tominimize
the possibility of miscoding.

To assess if the ICD-9 and ICD-10
codes correctly defined the study cohorts,
board-certified sleep medicine physicians
(R.A. and A.S.) reviewed the clinical charts of
a random sample of 1% of the CSA cohort.
The charts were reviewed to find out if
1) CSA ICD-9 and ICD-10 codes were
present in the chart; and 2) whether, on chart
review, a diagnosis of CSA could be made
with confidence. CSA diagnosis was defined
by using the ICSD-3 (International
Classification of Sleep Disorders, Third
Edition) criteria (14). We found that 1) 100%
of charts had the diagnostic code of CSA;
and 2) CSA diagnosis was consistent with
coded diagnosis in 60% of cases (0.6 positive
predictive value); in the rest of the 40% of
cases, CSA was miscoded for the diagnosis of
OSA. Nearly 20% of cases in the miscoded
group had less than 50% of total apnea and
hypopnea events that were central in origin.
Thus, it did not meet the diagnosis of CSA by
the ICSD-3 definition; yet, the primary
coding clinician felt that the overall clinical
picture supported the CSA diagnosis.
Polysomnography was available for review in
83.3% of charts, and in the rest, the coding
accuracy was confirmed after reviewing

clinicians’ documentation. Typically, in the
missing cases, the polysomnography was
conducted at an outside facility, and a report
was not scanned into the electronic records.
We did not perform a random sample
analysis of the OSA cohort, as sensitivity and
specificity data of our definition are available
in the published literature (15).

Study Variables
The primary outcome of interest was all-
cause mortality. We measured time-to-death
by subtracting the death date and time from
the index date at the time of diagnosis.
Because the actual onset of disease in both
OSA and CSA is generally unknown in both
OSA and CSA, we chose the index diagnosis
date for uniformity of calculation of time-to-
death. All-cause mortality data were gathered
from the corporate data warehouse (CDW)
VHAVital Status table (sensitivity 98.3% and
specificity 99.8% relative to the National
Death Index) (16, 17). Mortality data were
recorded up to December 1, 2021.

We collected patient demographics such
as age (categorized to,30, 30–40, 40–50,
50–65, 65–75, 75–85, and>85 yr), bodymass
index (BMI) (categorized to,18.5, 18.5–25,
25–30, 30–35, and>35), sex, race (White,
Black, and others), ethnicity (Hispanic), and
Charlson Comorbidity Index (CCI). The CCI
calculated inpatient and outpatient problems
1 year before the index date (18).

Statistical Analysis
To characterize the two groups, continuous
variables are presented as mean with
standard deviation and categorical variables
as number and percentage using SPSS,
version 26 (SPSS, Inc.). We observed several
missing values of BMI (n=385 [13%] in CSA
and 182,090 [12%] in OSA), and we
performed a multivariate imputation by
chained equations to impute missing values
(R package, multivariate imputation by
chained equations package 3.12.0). We used
sex, race, age, and death status to impute
BMI with five iterations.

We used Cox regression analyses to
estimate hazard ratios (HRs) and 95%
confidence intervals (95% CIs) for CSA and
OSA groups by considering the OSA group
as a reference. We adjusted the HRs by sex,
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race, body mass index, age, and CCI of two
or more (R package, survival and
epiDisplay). We used P, 0.05 as the level of
significance.

Identifying important predictors of
time to death in the CSA group. We took
two steps to identify important variables that
predict time to death. First, we excluded
variables that were not statistically associated
with mortality at P, 0.05. Then, we passed
the remaining variables into the least absolute
shrinkage and selection operator (LASSO)
(19). LASSO is a machine-learning technique
for selecting the most important variables to
construct a model. LASSO forced the
coefficients of not-so-significant variables to
become zero; therefore, it reduced the
number of variables. For internal validation,
we used 10-fold crossvalidation with
L1-penalization and Cox regressionmodel
(R package glmnet); see Figure E1.

CSA subgroup analysis. We performed
a subgroup analysis on patients with HF, as it
is one of the most widely studied groups on
the impact of mortality. This subgroup of
patients has been studied extensively. We
reported the number of deaths, median and
interquartile time to death, and HR using the
absence of HF as a reference.

Additional subgroup analysis was done
for patients with opiate prescriptions within
6 months of the index date. Sensitivity
analysis after excluding comorbid conditions
with high mortality (solid tumor [localized
andmetastatic], moderate-to-severe liver
disease, and acquired immunodeficiency
syndrome) was also performed.

Results

Patients
The baseline characteristics of patients in the
two cohorts are shown in Table 1. Between
1999 and 2020, the total number of patients
with CSAwas 2,961 compared with 1,487,353
patients with OSA. The ratio of OSA to CSA
was 502:1, confirming that, in U.S. veterans
who sought sleepmedicine services, the
prevalence of CSA is substantially lower than
OSA. The patients with CSA (61.86 15.6 yr)
were older than patients with OSA
(56.76 13.9 yr), andmost patients in both
groups were men (Table 1). Themean follow-
up was 5.92 years (95% CI, 3.64–9.68). The
minimum follow-up was 0.13 years, and the
maximum follow-up was 22.23 years.

The CSA cohort (1.86 2.3) had higher
CCI than the OSA (1.66 2.1) cohort.

We observed that the CSA cohort has a
higher percentage of patients with a CCI of
two or higher (Table 1). Among the CCI
component comorbid conditions, the CSA
cohort had a higher proportion of HF
(15.9%), peripheral vascular disease (10.0%),
cerebrovascular disease (CVD) (9.5%),
dementia (3.2%), mild liver disease (4.1%),
hemiplegia (1.6%), myocardial infarction
(4.7%), andmoderate-to-severe chronic
kidney disease (12.7%) (Table 1).

Hunter Cheyne Stokes breathing
(HCSB) was present in 1.6% of patients with
CSA and 0.05% of patients with OSA. Of
700 patients with CSA, 23.6% had an opiate
prescription within 6 months of index
diagnosis compared with 280,085 patients
with OSA (18.8%).

Outcomes
The median time to death in the CSA group
(2.7 yr) was shorter than for the OSA group

(5.1 yr) (Table 2). The unadjusted HR
showed a significantly elevated rate of
mortality in the CSA cohort (HR, 1.89; 95%
CI, 1.76–2.03) compared with the OSA
cohort; and, after adjusting HR by sex, race,
BMI, age, and CCI, it remained significant
(adjusted HR [aHR], 1.53; 95% CI,
1.43–4.65). We reported the Kaplan-Meier
curve of the two groups in Figure 1. We
observed a reduction in survival from the
CSA group showing separation soon after
diagnosis compared with the OSA group.
About 18.7% of patients with CSA had died
within approximately 5 years of diagnosis.

After excluding comorbid conditions
with high mortality (solid tumor [localized
andmetastatic], moderate-to-severe liver
disease, and acquired immunodeficiency
syndrome), the mortality hazard remained
high in the CSA cohort when compared
with the OSA cohort (HR, 1.79; 95% CI,
1.66–1.94). After adjusting for CCI, sex, race,

Table 1. Characteristics and demographics of patients with central sleep apnea or
obstructive sleep apnea

CSA
(n=2,961)

OSA
(n=1,487,353)

Age, M (SD) 61.8 (15.6) 56.7 (13.9)
,65 yr, n (%) 1,477 (49.9) 1,003,487 (67.5)
>65 yr, n (%) 1,484 (50.1) 483,866 (32.5)

Body mass index, M (SD) 31.2 (6.2) 33.5 (6.2)
,18.5 22 (0.7) 3,772 (0.3)
>18.5 to ,30 1,342 (45.3) 453,195 (30.5)
>30 1,597 (53.9) 1,030,386 (69.3)

Race, n (%)
White 2,325 (78.5) 1,058,902 (71.2)
Black 393 (13.3) 298,392 (20.1)
Other 243 (8.2) 130,059 (8.7)

Sex (male), n (%) 2,834 (95.7) 1,389,393 (93.4)
Ethnicity (Hispanic), n (%) 150 (5.1) 117,779 (7.9)
Comorbidity
CCI, M (SD) 1.8 (2.3) 1.6 (2.1)
CCI >2, n (%) 1,137 (38.4) 6,846 (37.1)

Myocardial infarction, n (%) 138 (4.7) 37,615 (2.5)
Heart failure, n (%) 470 (15.9) 99,919 (6.7)
Peripheral vascular disease, n (%) 295 (10.0) 75,627 (5.1)
Cerebrovascular disease, n (%) 280 (9.5) 73,510 (4.9)
Dementia, n (%) 96 (3.2) 12,385 (0.8)
Chronic obstructive pulmonary disease, n (%) 618 (20.9) 276,346 (18.6)
Connective tissue disease, n (%) 45 (1.5) 18,535 (1.2)
Peptic ulcer disease, n (%) 25 (0.8) 11,434 (0.8)
Mild liver disease, n (%) 121 (4.1) 37,880 (2.5)
Diabetes mellitus without complication, n (%) 866 (29.2) 425,423 (28.6)
Diabetes mellitus with end-organ damage, n (%) 338 (11.4) 137,269 (9.2)
Hemiplegia, n (%) 46 (1.6) 7,856 (0.5)
Moderate to severe chronic kidney disease, n (%) 375 (12.7) 94,393 (6.3)
Solid tumor (localized), n (%) 241 (8.1) 89,223 (6.0)
Moderate to severe liver disease, n (%) 16 (0.5) 3,795 (0.3)
Solid tumor (metastatic), n (%) 28 (0.9) 5,127 (0.3)
Acquired immunodeficiency syndrome, n (%) 7 (0.2) 4,657 (0.3)

Definition of abbreviations: CCI=Charlson Comorbidity Index; CSA=central sleep apnea;
M (SD)=mean (standard deviation); OSA=obstructive sleep apnea.
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BMI, and age, the hazard remained high
(aHR, 1.38; 95% CI, 1.28–1.50).

Most Important Predictors of Time
to Death in the CSA Group
Table E1 reports the most significant
predictors of mortality in the CSA group.
The presence of HF, history of CVD,
hemiplegia, and BMI of less than 18.5 were
among the highest predictors of mortality in
CSA. The presence of male sex also suggested
a higher risk of mortality. Younger age and
obesity (BMI greater than 30) were
associated with lower mortality.

Clinically Relevant Subgroup Analysis
In this U.S. veteran-based study, 16% of
patients had documented comorbid HF in
the CSA cohort. As a reference, in a prior
general population-based sleep heart health
study, 7.4% (95% CI, 0.7–14.1) had comorbid
HF among patients with CSA (2). The
subgroup analysis revealed that the presence

of HF is associated with increased mortality
in both CSA (HR, 7.4; 95% CI, 6.67–8.21)
and OSA (HR, 4.3; 95% CI, 4.26–4.34)
groups. The Kaplan-Meir curve showed that
the separation in morality started soon after
index diagnosis (Figure 2). In general, the
CSA group was associated with higher
mortality in both HF and without HF groups
compared with the respective OSA subgroup.
After adjusting for CCI, sex, race, BMI, and
age, we found the mortality hazard remained
significant in both CSA with HF (aHR, 3.66;
95% CI, 3.30–4.07) and OSA (aHR, 2.20; 95%
CI, 2.18–2.22) with HF subgroups.

Patients with opiate prescriptions also
demonstrated higher mortality hazard in the
CSA group (HR, 1.91; 95% CI, 1.69–2.16;
reference: patients with OSA who took
opiates). After adjusting for CCI, sex, race,
BMI, and age, we found the mortality hazard
remained significant (aHR, 1.67; 95% CI,
1.48–1.89; reference: patients with OSA who
took opiates).

Discussion

We constructed one of the largest
retrospective, national, longitudinal cohorts of
patients with CSA andOSA among the U.S.
veteran population, spanning the last 2
decades.We observed that one-fifth of
patients with CSA died within 5 years of
diagnosis, with substantially higher mortality
of patients with CSA than patients with OSA.
Themortality hazard remained significant,
even after adjusting for comorbidities. Further
analysis showed that HF, history of CVD,
hemiplegia, andmale sex were among the
highest predictors of mortality in CSA.
The subgroup analysis showed that the
presence of HF in both CSA andOSA groups
is associated with significantly increased
mortality compared with the patients without
HF. After adjusting for comorbid conditions
and demographics, we found CSA continued
to be associated with higher mortality than
OSA, independent of associated comorbidity.

Because CSA is associated withmany
conditions that lead to increasedmortality,
investigators have attempted to scrutinize
CSA’s independent contribution tomortality.
These studies analyzedmortality patterns in
patients diagnosed with HFwith reduced
ejection fraction (HFrEF) by comparing the
CSA cohort with the non-CSA cohort. The
study data are inconsistent. Earlier reports
suggested that in patients with HFrEF,
nocturnal CSAwithHCSB has no prognostic
impact (12, 20); however, more recently,
Javaheri and colleagues reported that the
median survival in a CSA–HFrEF (n=56)
group was reduced (45mo vs. 90mo inHFrEF
without CSA) (9). Our study investigated this
question from a different perspective. The
initial cohort comprised patients with CSA
with varied comorbid conditions (including
HF, opiate prescription, other causes of volume
overload such as liver and kidney failure, and
CVD). Our results affirmed that ICD-coded
CSA is associated with highermortality when
compared with ICD-codedOSA. In our CSA

Table 2. Comparing the hazard ratio of mortality in central sleep apnea and obstructive sleep apnea

Death, n (%) Time to death, years, M (IQR)

HR (95% CI)

Unadjusted Adjusted*

CSA (n= 2,961) 743 (25.1) 2.7 (1.3–5.0) 1.89 (1.76–2.03) 1.53 (1.43–4.65)
OSA (n=1,487,353) 221,456 (14.9) 5.1 (2.6–8.7) Reference Reference

Definition of abbreviations: CI = confidence interval; CSA=central sleep apnea; HR=hazard ratio; IQR= interquartile range; M=median;
OSA=obstructive sleep apnea.
*Adjusted by sex, race, body mass index, age, and Charlson Comorbidity Index.

At risk popula�on:

Years 0 5 10 15 20
CSA 2,961 2,405 2,251 2,219 2,218
OSA 1,487,353 1,379,196 1,307,408 1,275,691 1,266,825

Figure 1. Kaplan-Meier curves. Comparison of survival probability of CSA and OSA.
CSA=central sleep apnea; OSA=obstructive sleep apnea.

ORIGINAL RESEARCH

Agrawal, Sharafkhaneh, Gottlieb, et al.: Central Sleep Apnea-related Mortality Outcomes 453



cohort (n=2,961), the time to death was
31months (vs. 61mo in the OSA group).

Our study’s Cox proportional hazard
model investigating the survival probability
demonstrated that the CSA cohort died at a
higher rate soon after the index diagnosis.
The curve demonstrated a steep decline until
5 years and flattened at around 10 years.
These data should be interpreted in the
context of the mean follow-up of 5.92 years
(95% CI, 3.64–9.68). At around 5 years from
diagnosis, approximately 19% of patients had
died in the CSA cohort. These results suggest
that, although OSA and CSA have a similar
common final pathway of hypoxemia and
apnea/hypopnea, their mortality patterns are
distinct.

Furthermore, in our study, comorbid HF
was present in 16% of patients in the CSA
cohort but was associated with sevenfold
higher mortality when compared with
patients with OSAwithout HF. The
remaining patients with CSAwithout HF also
have 51% higher mortality when compared
with the reference OSA group. Thus, the

associatedmortality in bothOSA and CSA
groups dramatically rises in the presence of
comorbid HF. Reassuringly, the survival
probability was similar to theHF–CSA group
in a study by Roebuck and colleagues (n=78,
median follow-up 52months) (Figure 2) (21).
Even though this study included all patients
withHFwith and without sleep-disordered
breathing, this study’s subgroupHF–CSAwas
similar to our definition. Thus, the current
study expands on this smaller study on amuch
larger scale while offering a unique insight into
the CSA–HF subgroup compared with those
without HF.

There are several possible explanations
for the shorter time to death in patients with
CSA compared with OSA. As opposed to
OSA, CSA is a heterogeneous syndrome in
which different etiologies, such as HF, lead to
a common final pathway of central apnea,
hypopnea, and desaturation. Several
comorbidities are associated with CSA; these
include HF, CVD, advanced chronic kidney
disease, and diabetes (14, 22–25). Although
OSA is primarily related to a mechanical

obstruction, the chemically driven
alternation in central ventilatory control (26)
may contribute to higher mortality. Second,
there may be a lead time bias; patients with
CSAmay be diagnosed later than patients
with OSA, as they frequently lack traditional
OSA risk factors such as obesity.
Nevertheless, in clinical practice, the
diagnosis of CSAmay forewarn a clinician
regarding its conceivable link with mortality.

The CSA group had a higher proportion
of comorbid conditions than the OSA group,
suggesting this is a sicker cohort. However,
when adjusted for these comorbid conditions
and demographics, results showed that
patients with CSA without HF continued to
have an independent 41% higher mortality
hazard. These data suggest that the deaths in
this subgroup may not be fully explained by
the comorbidities included in CCI.Whether
CSA is an independent risk for increased
mortality or simply a biomarker remains
unknown. These findings should be explored
further in prospective studies.

We also noted that in the CSA cohort,
male sex was associated with an HR of more
than two, suggesting an association of
reduced survival in men. Like other studies
involving U.S. veterans, this study had a
predominance of men (96%). Furthermore,
population-based studies have shown that
the male sex itself is associated with a higher
mortality risk than female sex (27). Thus,
sex-related data should be interpreted within
these constraints. Despite this limitation,
these data may be worth exploring, as our
data confirm those of earlier epidemiological
studies that have shown that CSA is
uncommon in women (28, 29). For example,
even though approximately half of the
sample comprised women in the sleep
heart health study, in the CSA cohort,
approximately 91% of patients were men (2).
The presence of obesity (BMI greater than 30)
was protective (aHR, 0.82), whereas BMI less
than 18.5 was associated with higher odds of
dying in the CSA cohort (aHR, 1.76)
compared with the OSA cohort. This obesity
paradoxmay reflect indication bias in sleep
testing in that obese patients that are
referred for testing are more likely to have
OSA, whereas the sicker nonobese patients
that are referred to testing are more likely to
have CSA.

Limitations
This study has several limitations. Like many
retrospective studies using large data sets, the
current study was also at risk of several

N Death, N(%) TtoD, M(IQR) HR(95%CI) *
unadjusted

aHR (95%CI) †

OSA-without HF 1,327,790 156,707
(11.8)

5.7 (3.1, 9.4) Reference Reference

CSA-without HF 2,308 388 (16.8) 3.2 (1.8, 5.8) 1.51(1.36,1.67) 1.41(1.28, 1.56)
OSA-with HF 159,563 64,749

(40.6)
3.9 (1.9, 6.9) 4.3(4.26,4.34) 2.20(2.18, 2.22)

CSA-with HF 653 355 (54.4) 1.9 (0.8, 4.0) 7.4(6.67,8.21) 3.66(3.30, 4.07)

Figure 2. Kaplan-Meier curves. Comparison of survival probability on the basis of the presence
and absence of HF. *HR (95%CI)= hazard ratio 95% percent confidence intervals and †adjusted
by gender, race, body mass index, age, and Charlson comorbidity index. aHR=adjusted hazard
ratio; CI =confidence interval; CSA=central sleep apnea; HF=heart failure; IQR= interquartile
range; M=mean; OSA=obstructive sleep apnea; TtoD= time to death.
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potential biases. The major bias was the
reliability of the current cohort definition.
On a random sample analysis, we noted that
the CSA definition’s positive predictive value
was 0.6. The rest of the patients had OSA and
were miscoded. Because our study found that
the mortality of the OSA cohort was lower
than that for CSA, the presence of miscoded
OSA likely diluted the mortality of the CSA
group. In prior studies, the accuracy of ICD
coding of primary diagnosis had been
validated in sleep disorders such as OSA.
These studies have reported that claims-
based algorithms identify OSA in a definition
similar to ours, with a positive predictive
value of 74.8% and a negative predictive
value of 18.3% (15). Thus, the OSA cohort
may have a smaller subset of patients that

may not have an OSA diagnosis. Only a
small proportion of the CSA cohort had
HCSB (1.6%).We suspect it is related to
undercoding. When both CSA and HCSB
are present, we suspect that the clinicians
typically choose to document only the
practically relevant CSA code. In addition,
we could not assess granular data such as the
severity of sleep-disordered breathing,
treatment of underlying conditions, and the
role of positive airway pressure therapy,
including modalities such as adaptive servo-
ventilation, left ventricular ejection fraction,
atrial fibrillation, and other medications.
Future studies using advanced tools such as
natural language processing will help better
understand these finer clinically relevant
details.

Conclusions
We report that clinically diagnosed CSA was
associated with a shorter time to death from
the index diagnosis. The presence of CSA
was associated with higher mortality, and
almost one-fifth of patients with CSA died
within 5 years of diagnosis. The subgroup
analysis showed that the presence of
HF in the CSA group is associated with
significantly increased mortality compared
with patients with CSA without HF.�
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