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Background: The impact of obstructive sleep apnea (OSA) on the prognosis of intensive
care unit (ICU) patients remains controversial. Thus, this study aimed to determine the
association between OSA status and outcomes in ICU patients.

Methods: We conducted a retrospective cohort study composed of 38,177 critically ill patients
from the Medical Information Mart for Intensive Care III (MIMIC-III) database. Propensity
score matching was used to evaluate the association between OSA and mortality in ICU adults.
Results: A total of 38,177 critically ill patients were included in this study. Among them,
1428 (3.71%) patients had OSA. Before matching, patients with OSA had a significantly
lower 28-day mortality (relative risk (RR), 0.47; 95% confidence interval (CI), 0.38-0.58),
90-day mortality (RR, 0.50; 95% CI, 0.43-0.60), ICU mortality (RR, 0.41; 95% CI, 0.31—
0.54), and in-hospital mortality (RR, 0.46; 95% CI, 0.36-0.57). After adjusting with pro-
pensity-score matching, the findings of reduced risk of mortality remained unchanged. The
RR of 28-day mortality, 90-day mortality, ICU mortality, in-hospital mortality was 0.57 (95%
CI, 0.34-0.57), 0.53 (95% CI, 0.40-0.70), 0.54 (95% CI, 0.37-0.79), and 0.55 (95% CI,
0.39-0.77), respectively.

Conclusion: This study indicated that ICU patients with OSA had a significantly lower risk
of mortality compared with those without OSA.
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Introduction

Obstructive sleep apnea (OSA) is a highly prevalent breathing disorder, character-
ized by frequent episodes of complete or partial upper airway collapse during sleep,
resulting in episodic hypoxemia and arousal.' The overall prevalence of OSA
ranges from 3% to 17% in the general adult population, and advancing age, male
sex, and higher body-mass index increase OSA prevalence.” ® Growing evidence
indicates that OSA is an independent risk factor for various diseases, including
hypertension, diabetes, venous thromboembolism, and stroke.””

Recently, studies are being focused on the association between OSA status and the
prognosis of critically ill patients, but with controversial results having been published in
two previous studies.'®!! One found that OSA was associated with decreased mortality,'!
but the other did not identify such benefits.'® The lack of body mass index data and small
sample size undermined the reliability of the above studies. Therefore, a large well-
planned study was needed to determine the association between OSA and outcomes in
critically ill patients.
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In this article, we conducted a retrospective cohort
study by wusing data derived from the Medical
Information Mart for Intensive Care III (MIMIC-III)
database.'” The MIMIC-III database is an extensive, pub-
lic database compromising comprehensive clinical data,
which could provide sufficient information to determine
the impact of OSA on the prognosis of critically ill
patients in the intensive care unit (ICU).

Methods

Data Source

The present study was based on MIMIC-III, a large, freely
available database of clinical data of more than 40,000
ICU patients admitted to the Beth Israel Deaconess
Medical Center between 2001 and 2012.'*'* We were
allowed to access the database by the Institutional
of the Institute  of
Technology and the Beth Israel Deaconess Medical

Review Boards Massachusetts

Center (researchers certification number 9266789).

Inclusion and Exclusion Criteria

Adult patients (aged 18 years or above) were included
in this study. Critically ill patients diagnosed with OSA
were extracted from the Medical Information Mart for
MIMIC-IIT ~ database  using  the  International
Classification of Diseases- (ICD-) 9 codes (code =
“32,723”). For patients who were admitted to the ICU
more than once, only data related to the first ICU
admission was considered.

Data Extraction

The following information was extracted from the data-
base using structured query language (SQL) with
PostgreSQL (version 12): patient demographics, labora-
tory test results, comorbidities, and other clinical variables.
Demographic characteristics included age, sex, weight,
simplified acute physiology score II (SAPS II), and
sequential organ failure assessment score (SOFA); The
comorbidities included hypertension, coronary artery dis-
ease, chronic obstructive pulmonary disease, diabetes mel-
litus, and chronic kidney disease. Laboratory
measurements included hemoglobin, white blood cell
(WBC), platelets, total bilirubin, creatinine, and lactate.
The primary outcome was 28-day and 90-day mortality.
The secondary outcome included ICU mortality, in-

hospital mortality, and the length of ICU stay.

Statistical Analysis

Continuous variables were expressed as median and inter-
quartile range, and categorical variables were shown by
number and percentage. Continuous variables were com-
pared by the Wilcoxon rank-sum test, and categorical
variables were compared by chi-square or Fisher’s exact
test. Propensity score matching was used to adjust for
confounding factors.'*'> The survival curves were plotted
by the Kaplan-Meier method and compared by the Log
rank test.'® All statistical analyses were performed using
Stata software (version 14.0, USA). A p < 0.05 was
considered statistically significant.

Results

This retrospective cohort study included patients 18 years
of age or older. The patient flowchart is shown in Figure 1.
A total of 38,177 critically ill patients were included in the
study after reviewing the MIMIC-III database. Of
the study cohort, 1428 (3.71%) patients had OSA, and
the remaining 36,749 patients did not have OSA. Table 1
shows the baseline characteristics for patients with and
without OSA. Patients in the OSA group were younger,
more likely to be men, more likely to have lower SAPS II
scores and higher weight, and more likely to have hyper-
tension, coronary artery disease, chronic obstructive pul-
monary disease, and chronic kidney disease. Before
matching, the OSA group had a significantly lower 28-
day mortality (RR,0.47; 95% CI,0.38-0.58), 90-day mor-
tality (RR,0.50; 95% CL,0.43-0.60), ICU mortality
(RR,0.41; 95% CI1,0.31-0.54), in-hospital mortality
(RR,0.46; 95% CI,0.36-0.57) (Table 1).

Propensity Score Analysis

The 402 patients with OSA were matched to 402 patients
without OSA by propensity score matching. After adjust-
ing with propensity-score matching, these imbalances
were all eliminated (1:1 matching ratio). After matching,
the findings of reduced risk of mortality remained
unchanged. The RR of 28-day mortality, 90-day mortality,
ICU mortality, in-hospital mortality was 0.57 (95% CI,
0.34-0.57), 0.53 (95% CI, 0.40-0.70), 0.54 (95% CI,
0.37-0.79), and 0.55 (95% CI, 0.39-0.77), respectively
(Table 2). Figure 2 shows the Kaplan-Meier survival esti-
mates for patients with and without OSA. Patients with
OSA had a better prognosis than those without OSA.
There was no difference between the groups in the length
of ICU stay before and after matching (Table 2).
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61532 admissions in MIMIC IlI

,| Excluded:
15056 readmissions

46476 first ICU admissions

Excluded:

A

7967 patients duo to age < 18 years
332 patients duo to missing of key date (332)

38177 patients included in final analysis

1428 patients with OSA
(OSA group)

Figure | Flowchart of patient selection.

Mortality in Older Patients

Previous studies showed a decline of relative mortality in
sleep apnea patients after the age of 50."” In this study, we
also calculated the mortality in older patients (age>50 years)
with and without OSA. Before matching, older OSA patients
had a significantly lower 28-day mortality (14.38% vs
6.59%, P<0.001), 90-day mortality (20.34% vs 9.67%,
P<0.001), ICU mortality (8.81% vs 3.51%, P<0.001), in-
hospital mortality (12.35% vs 5.57%, P<0.001). After match-
ing, older OSA patients was still associated with lower
28-day mortality (21.97% vs 12.73%, P=0.006), 90-day
mortality (32.17% vs 18.32%, P<0.001), ICU mortality
(17.52% vs 10.25%, P=0.008),
(21.02% vs 12.73%, P=0.005).

in-hospital mortality

Discussion

We studied 38,177 ICU patients to determine the rela-
tionships between OSA and all-cause mortality. We
found that compared with those without OSA, patients
with OSA had a significantly lower risk of 28-, 90-,
ICU- and in-hospital mortality. After adjusting with
confounding factors by propensity score matching,
OSA was still associated with better survival in ICU
patients.

v

36749 patients without OSA

(Non-OSA group)

OSA is not uncommon in critically ill patients, espe-
cially in patients with acute hypercapnic respiratory
failure.'®' One might wonder whether OSA affects the
prognosis of critically ill patients. In patients with subar-
achnoid hemorrhage, OSA was found to be associated with
decreased risk of in-hospital mortality (7.3% to 11.5%, P =
0.003).%° Similar results (2.4% vs 6.2%) were also
reported in critically ill patients admitted to the ICU
ward in Bolona et al study."' However, Bolona’s study
was flawed by lacking weight data, so they did not figure
out whether the low mortality rate is caused by obesity or
OSA itself. Moreover, this observation was not supported
by subsequent research demonstrating that OSA had no
impact on ICU mortality.'® Therefore, the impact of OSA
on the outcomes of ICU patients remains controversial.
The current study might provide credible information
about the impact of OSA on the prognosis of ICU patients
based on a large sample size. We found that compared
with patients without OSA, patients with OSA had lower
risks of mortality in unadjusted analyses. After adjusted
for age, gender, weight, SAPS II scores, sequential organ
failure assessment (SOFA) score, comorbidities, and
laboratory tests, OSA was still associated with decreased
risk of mortality, which indicated that OSA itself might be
a protective factor for mortality.
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Table | Patient Baseline Demographic and Clinical Characteristics

Characteristic Without OSA (N= 36,749) With OSA (N= 1428) P value
Baseline characteristics

Age(y) 65.82[52.34, 78.11] 63.04[53.54, 71.51] <0.001
Man, n (%) 20,650(56.19) 959(67.16) <0.001
Weight(kg) 77.30[65.20, 91.00] 104.00[86.60, 123.70] <0.001
SAPS I 33.00[24.00, 42.00] 31.00[23.00, 39.00] <0.001
SOFA score 3.00[2.00, 5.00] 4.00[2.00, 5.50] 0.191
Comorbidities

Hypertension, n (%) 15,875(43.20) 746(53.50) <0.001
CAD, n (%) 10,385(28.26) 460(32.21) 0.001
COPD, n (%) 712(1.94) 64(4.48) <0.001
Diabetes mellitus, n (%) 9227(25.11) 634(44.40) <0.001
CKD, n (%) 4026(10.96) 279(19.54) <0.001
Laboratory tests

Hemoglobin (g/dL) 10.80[9.50, 12.30] 11.10[9.60,12.70] <0.001
WBC(K/ul) 10.80[7.90, 14.60] 10.50[7.70, 14.00] 0.031
Platelets(K/ul) 200.00[ 146.00, 266.00] 208.00[157.00, 269.00] <0.001
Total bilirubin(mg/dl) 0.70[0.40, 1.40] 0.60[0.40, 1.10] <0.001
Creatinine(mg/dl) 0.90[0.70, 1.30] 1.00[0.80, 1.40] <0.001
Lactate (mmol/L) 1.80[1.20, 2.80] 1.60[1.10, 2.40] <0.001
Clinical outcomes

28-day mortality, n (%) 4614(12.56) 84(5.88) <0.001
90-day mortality, n (%) 6494(17.67) 127(8.89) <0.001
ICU mortality, n (%) 2902(7.90) 46(3.22) <0.001
In-hospital mortality, n (%) 4013(10.92) 71(4.97) <0.001
Length of ICU stay (day) 2.1111.20, 4.10] 2.08[1.22, 4.11] 0.694

Note: Continuous variables were expressed as median and interquartile range.

Abbreviations: OSA, obstructive sleep apnea; SAPSII, simplified acute physiology score Il; SOFA, sequential organ failure assessment; CAD, coronary artery disease;
COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; WBC, white blood cell; ICU, intensive care unit.

Although in general OSA was associated with a worse
long-term prognosis, this study did not show an increase
of relative mortality in critically ill patients. There were
several possible mechanisms related to the protective
effect of OSA in critical care patients. First, in our
study, patients without OSA were older and had higher
SAPS II scores, indicated that patients without OSA suf-
fered greater severity of illness. Second, long-term adap-
tation to hypoxia might cause ischemic preconditioning
due to the nocturnal cycles of hypoxia-reoxygenation,
which might alleviate the acute stress response and pro-
tect the cardiocirculatory system against infarction and

further ischemic insults.?!

Furthermore, Berger et al
found that the mobilization, proliferative and angiogenic
capacities of endothelial progenitor cells were heightened
in patients with OSA, indicating that vascular endothelial
cell repair might also be involved in the mechanism of

cardiovascular protection.”? Another possible mechanism

by which OSA might reduce mortality was the develop-
ment of coronary collaterals. It was known that oxygen
consumption and resting energy expenditure were
increased significantly in critically ill patients.>® OSA
might promote angiogenesis through oxidative stress and
upregulation of vascular endothelial growth factor in
patients with coronary artery disease, which might trigger
the development of coronary collaterals and improve
blood supply to the heart.>* This adaptive change in the
cardiovascular system might increase myocardial oxygen
and reduce cardiovascular risk among patients with ser-
jous illnesses.”” Studies had reported that patients with
OSA and intermittent hypoxemia during sleep had less
severe cardiac injury during an acute myocardial infarc-
tion compared with those without OSA.?® Future studies
are warranted to further elucidate the specific mechanism
because limited evidences support these hypotheses
described above.?’
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Table 2 Propensity Score-Matched Patients with and without OSA
Characteristic Without OSA(N=402) With OSA(N=402) P value
Baseline characteristics
Age(y) 62.75[51.71, 72.36] 62.90[53.22, 70.93] 0.767
Man, n (%) 280(69.65) 273(67.91) 0.594
Weight(kg) 104.00[86.20, 127.30] 108.00[89.90, 127.00] 0.191
SAPS Il 37.00[29.00, 47.00] 38.00[29.00, 48.00] 0.449
SOFA score 5.00[3.00, 8.00] 5.00[3.00, 8.00] 0.518
Comorbidities
Hypertension, n (%) 209(51.99) 196(48.76) 0.359
CAD, n (%) 130(32.34) 110(27.36) 0.123
COPD, n (%) 16(3.98) 17(4.23) 0.859
Diabetes mellitus, n (%) 212(52.74) 198(49.25) 0.323
CKD, n (%) 83(20.65) 85(21.14) 0.862
Laboratory tests
Hemoglobin (g/dL) 10.70[9.40, 12.20] 11.00[9.60, 12.60] 0.189
WBC(K/ul) 11.15[7.80, 15.40] 10.95[7.40, 15.60] 0.548
Platelets(K/ul) 203.50[143.00, 265.00] 198.00[148.00, 271.00] 0.520
Total bilirubin(mg/dl) 0.70[0.40, 1.10] 0.60[0.40, 1.20] 0.320
Creatinine(mg/dl) 1.15[0.80, 1.80] 1.10[0.80, 1.70] 0.276
Lactate (mmol/L) 1.60[1.20, 2.60] 1.60[1.10, 2.50] 0.116
Clinical outcomes
28-day mortality, n (%) 82(20.40) 47(11.69) 0.001
90-day mortality, n (%) 117(29.10) 62(15.42) <0.001
ICU mortality, n (%) 67(16.67) 36(8.96) 0.001
In-hospital mortality, n (%) 80(19.90) 44(10.95) <0.001
Length of ICU stay (day) 5.23[2.79, 11.10] 4.97[2.45, 10.54] 0.522

Note: Continuous variables were expressed as median and interquartile range.
Abbreviations: OSA, obstructive sleep apnea; SAPSII, simplified acute physiology score Il; SOFA, sequential organ failure assessment; CAD, coronary artery disease;
COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; WBC, white blood cell; ICU, intensive care unit.

Our study had some limitations. First, our study was

a retrospective observational study, which made it subject

to confounding. Although we used propensity score

A Kaplan-Meier survival estimates
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matching to balance potential confounding factors, resi-

dual confounding could not be fully ruled out. Second, this

was a single-center study,
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Figure 2 Kaplan-Meier curve (and 95% confidence limits) depicts predicted overall survival between OSA and No OSA groups. (A) 28-day follow up; (B) 90-day follow up.
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generalizability of our results. Third, all OSA diagnoses
were based on ICD-9 codes. Therefore, we did not conduct
subgroup analyses according to OSA severity due to a lack
of detailed data on polysomnography.

Conclusions

In conclusion, our results showed that OSA was associated
with decreased risk of mortality in critically ill patients,
independently of weight and comorbidities. The potential
mechanism related to a better prognosis of OSA needs to
be further studied.
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