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Abstract

:

Background: Obstructive sleep apnea (OSA) is one of the most common breathing disorders. There are uncertainties about its impact on the in-hospital outcomes of patients who suffer acute coronary syndromes. We studied the largest publicly available all-payer inpatient healthcare database in the United States (National Inpatient Sample) to determine the effects of obstructive sleep apnea on the in-hospital outcomes of patients admitted with non-ST elevation myocardial infarction (NSTEMI). Methods: All adult patients (age ≥ 18) admitted primarily for NSTEMI between September 2010 and September 2015 were identified in the National Inpatient Sample. They were then categorized into those with OSA and those without OSA. The main outcome was in-hospital mortality. Propensity scoring and logistic regression models were created to determine the outcomes. Results: There were 1,984,432 patients with NSTEMI (weighted estimates), 123,551 (6.23%) of who had diagnosed OSA while 1,860,881 (93.77%) did not. In-hospital mortality was significantly lower in the OSA group [2.61% vs. 3.53%, adjusted odd ratio (aOR) 0.73 and confidence interval (CI) (0.66–0.81)]. Patients with OSA were also less likely to require coronary artery bypass surgery: 13.85% and 12.77% (p-value 0.0003). The patients with OSA had higher mean hospital costs compared to the patients who did not have OSA: $17,326 vs. $16,984, adjusted mean ratio (aMR) 1.02; CI (1.01–1.02). Conclusion: In-hospital mortality was lower in NSTEMI patients with diagnosed OSA compared to patients without diagnosed OSA. This appears to contrast with the widely recognized adverse effects of OSA on the cardiovascular system.
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1. Introduction


Obstructive sleep apnea (OSA) is a sleep related disorder characterized by intermittent sleep disruption, repeated apnea and nocturnal hypoxemia [1]. It is one of the most common breathing diseases in the United States. It is estimated to affect about 5% of adults in North America [2,3]. Over the years, OSA has been established to have strong associations with cardiovascular co-morbidities and adverse long-term cardiovascular outcomes [2,4]. These associations persist even after correcting for comorbidities and risk factors such as sex, obesity, and age [5]. There are debates about the impact of obstructive sleep apnea on the in-hospital outcomes of patients who suffer acute coronary syndromes [6]. In a recent study, there was improved in-hospital outcomes in patients with OSA and ST elevation myocardial infarction (STEMI) [7]. Nevertheless, evidence for in-hospital outcomes in patients with OSA and NSTEMI is limited in the literature. We studied the National Inpatient Sample (NIS) to determine the relationship between obstructive sleep apnea and in-hospital outcomes in patients with NSTEMI.




2. Methods


2.1. Data Source


The study was exempted from full review by the institutional review board at Mclaren Flint. It was a retrospective cohort study in which the authors interrogated the NIS from September 2010 to September 2015. The database, sponsored by the Agency for Healthcare Research and Quality (AHRQ) includes primary diagnoses, comorbidities, and complications as well as patient characteristics of hospital admissions. Diagnoses in this database are identified with their international classification of diseases (ICD) codes.



The NIS provides national estimates of hospital stays in the United States. It is the largest publicly available all-payer inpatient healthcare database in the country [8]. Until 2011, the NIS included 100% of discharges from a 20% random sample of all hospitals stratified by location, hospital region, teaching status and bed size.



In 2012, the NIS was redesigned to improve the precision of national estimates, and now it consists of a 20% random sample of discharges selected from 100% of the participating hospitals. The Agency for Healthcare Research and Quality (AHRQ) provide trend weights to use with the database [8]. Results from the NIS have been shown to correlate well with other hospitalization and discharge databases in the United States.




2.2. Patients’ Characteristics


The database was studied to identify all patients (age ≥ 18) admitted primarily for NSTEMI between September 2010 and September 2015. These patients were then stratified into those with OSA and those without OSA. ICD-9 codes were used to identify these cases. ICD-9 codes for NSTEMI and OSA are 410.71 and 327.23, respectively. We excluded those discharged alive on the same day as they are unlikely to truly represent the cohort of interest of this study. Patients who were transferred to other acute care facilities were also excluded.



Data were obtained on patient characteristics and hospital-level characteristics. These included age, sex, race, health insurance status, income level, and co-morbidities. We then compared clinical outcomes among patients with OSA and those without OSA.




2.3. Clinical Outcomes


The main outcome was in-hospital mortality. Secondary outcomes included type of revascularization, cardiac arrest, acute kidney injury, ischemic stroke, hospital cost, and length of hospital stay. Demographic and co-morbid factors were identified as covariates. Elixhauser Co-morbidities Index was computed to summarize these comorbid variables into numbers.



Assessment of healthcare resources was performed by comparing non-routine home discharge rate, cost, and length of stay. Hospital cost information was obtained from the hospital accounting reports collected by the Centers for Medicare & Medicaid Services. To account for the effect of inflation on hospital charges, we used data from the Bureau of Labor Statistic’s medical care component of the Consumer Price Index (CPI) and presented the data in 2019 US dollars.



The national estimates were the hospital-level trend/discharge weights included in the NIS by AHRQ.




2.4. Statistical Analysis


Data were analyzed with Statistical Analysis System (SAS V.9.4, SAS Institute Inc, Cary, NC, USA), accounting for the stratified sampling design with appropriate keywords as recommended by HCUP-NIS [9]. The adjusted odds ratio (AOR) was reported for logistic models and adjusted mean ratio (AMR) for numeric variables-cost and length of stay. Absolute standardized differences (ASD) were used to compare the baseline characteristics. ASD (calculated as the differences in means or proportions divided by a pooled estimated of the SD) is not as sensitive to sample size compared with traditional significance testing and it is useful in identifying clinically meaningful differences. An ASD of >0.1 is considered clinically meaningful.



To account for potential confounding, propensity score method with standardized morbidity ratio (SMR) weighting was employed. The propensity of each patient with OSA versus no OSA was estimated using the variables in Table 1. An interaction term between age categories was included in the model. The missing data included hospital region (2.40%), race (7.59%), primary expected payer (0.14%), household income status (2.07%), hospital bed size (0.44%), and hospital teaching status (0.44%). To enable the inclusion of the missing variables in the PS estimated, these categorical variables with <2% missing data were replaced with the dominant category and, if a variable had >2% missing values (race, house income, and hospital region), the missing values were treated as a separate category. This method was used in prior studies.



A standardized morbidity ratio (SMR) weight was calculated for each patient, and patients who had OSA were assigned a weight of 1, while those without OSA were weighed using PS/(1-PS). SMR weights standardize the distribution of measured demographic, hospital, and hospital characteristics in OSA patients to the distribution of those without OSA [10]. Trimming at the 1% and 99% cut points was performed to remove nonoverlapping regions. This is done because patients in the nonoverlapping regions are not at risk for being in the other group. Once the weights were applied, the balance was assessed by examining standardized differences between the two groups.



Standardized models were used to compare the clinical outcomes of patients with OSA and patients without diagnosed OSA. Binary outcomes were modeled with SMR-weighted binomial logistic regressions. Discrete numeric variables with an over-dispersion were—length of stay and hospitalization cost. They were first log-transformed by a natural logarithmic scale and back-transformed to obtain the expected days and cost, respectively.



Finally, we included interaction terms in the logistic regression model to determine whether the relations between mortality and OSA status varied by age categories, type of revascularization and gender.





3. Results


In the study, there was a total of 1,984,432 patients with non-ST elevation myocardial infarction (weighted estimates), 123,551(6.23%) of whom had OSA while 1,860,881 (93.77%) did not. Table 1 shows the baseline characteristics. Patients with OSA were younger with average age of 64.59 ± 11.91 compared to 69.28 ± 14.13 (ASD = 0.36). The OSA group were also less likely to be females (30.09% vs. 42.74%, ASD 0.26). The OSA group had a higher proportion of white (71.74) and black people (11.41%) compared to the non-OSA group with 68.83% white people and 11.17% black people, respectively.



Co-existing conditions such as dyslipidemia, chronic obstructive pulmonary disease, prior percutaneous coronary intervention, hypertension, diabetes mellitus, chronic renal failure, congestive heart failure, and obesity were significantly more prevalent in patients who had OSA (all ASD > 0.1). There were no significant differences between the two groups regarding smoking status, maintenance dialysis, chronic liver disease, peripheral vascular disease, prior myocardial infarction, prior coronary artery bypass grafting statuses, hospital status, hospital bed size, and household income (all ASD < 0.1).



Table 2 shows the primary and secondary outcomes. The primary outcome of interest, in-hospital mortality was significantly lower in the OSA group [2.61% vs. 3.53%, adjusted odd ratio (aOR) 0.73, CI: 0.66–0.81]. Coronary artery bypass graft (CABG) was utilized less often in OSA vs. non-OSA group (12.77 vs. 13.85, p-value = 0.0003). However, there was no statistical difference between the two groups with regards to percutaneous coronary interventions (PCI). Ischemic stroke was less frequent in the OSA group (0.86%) than the non-OSA group (1.21%) (p-value = 0.0002). The patients with OSA stayed longer in the hospital compared to the patients who did not have OSA (4.10 days vs. 3.96 days, p-value < 0.0001) and had higher hospital cost [$17,326 vs. $16,984, [adjusted mean ratio (aMR) 1.02; CI (1.01–1.02) p-value < 0.0001].



The subgroup analysis revealed lower mortality in patients with OSA across the prespecified subgroups except in patients who were less than 55 years (Table 3).




4. Discussion


In this study, we found that OSA patients admitted with NSTEMI were younger and less likely to be females when compared with NSTEMI patients who did not have OSA. Mortality was lower in OSA patients admitted for NSTEMI. The proportions of patients who had PCI were similar across both groups while less of the OSA cohorts had bypass surgery for NSTEMI.



Our study agrees with most of the already published works that OSA affects more men than women [11]. Some studies have claimed that OSA is more common in young adults while others suggested rising prevalence with advancing age [12,13]. We also found that relatively more of the patients with OSA were Caucasians and African Americans while relatively fewer of them were Hispanics. Traditionally, African Americans and Caucasians have been held to have higher prevalence of OSA compared to Hispanics, but newer studies are suggesting that prevalence is similar across ethnic and racial divides [14,15].



Along with craniofacial anomalies, obesity is the most strongly established risk factor for OSA [16]. The findings from our study are consistent with this. More than half of the patients in the OSA group were obese compared with just over thirteen percent in the non-OSA group. We also found dyslipidemia and diabetes mellitus to be more common in NSTEMI patients with OSA than those who did not have OSA. While a causal relationship is not yet established, previous studies have demonstrated independent association between dyslipidemia and obstructive sleep disorder [17]. The details of the relationship between OSA and diabetes mellitus is not known for certain but some studies have suggested a two-way relationship with intermittent nocturnal hypoxemia contributing to impaired glucose metabolism and diabetic neuropathy playing some roles in the disordered breathing of OSA [18].



The primary outcome of in-hospital mortality was significantly lower in patients with OSA at 2.61% compared to 3.53% in patients without OSA. This was consistent across the age groups, treatment modalities, and gender categories. Most of the available studies agree that OSA worsens long-term (six months to one year) cardiovascular outcomes [19]. This is especially true with increasing severity of OSA [20]. Some researchers have suggested prolonged ischemia and dysfunctional ventricular remodeling as the main drivers of the adverse outcomes following ACS in patients with OSA [21]. Overall, there are still uncertainties about the effect of OSA on the in-hospital and short-term outcomes of patients with ACS. Many of the available studies suggest that OSA has no effect on ACS outcomes in the hospitalization period [22]. Few studies have demonstrated significantly worsened in-hospital outcomes in non-ST elevation acute coronary syndrome patients with OSA [6]. An earlier study using the NIS database found lower in-hospital mortality in patients with STEMI who also had OSA [7]. This is consistent with our findings. This may be related to repeated hypoxia in OSA patients leading to “ischemic preconditioning” which have been demonstrated in some studies to reduce infarct sizes and improve cardiovascular outcomes following ACS [23]. On the other hand, Joyeux-Faure et al. demonstrated larger infarct sizes in animal models exposed to chronic intermittent hypoxia [24] Early growth response-1 (EGR-1) has been identified as the driving force for myocardial protection in ischemic preconditioning [25]. Widespread potassium-ATP channel activation has also been linked to this phenomenon [26].



More of the patients with OSA were treated medically while more of the patients without OSA had coronary artery bypass graft. The proportions of patients treated with PCI were comparable across both groups. An earlier study using the NIS database had suggested that more OSA patients had CABG following STEMI compared to their non-OSA counterparts [8]. This may be a pointer to lower severity of NSTEMI in patients with OSA. The study also found ischemic stroke in fewer OSA patients admitted for NSTEMI. This contrasts with previous studies that have established obstructive sleep apnea as a risk factor for ischemic stroke [27].



NSTEMI patients with OSA were found to spend more days in the hospital. They were also found to have higher hospital bills. An earlier study also showed similar findings in STEMI patient with OSA [7]. This may indicate more aggressive management of the OSA patients with myocardial infarction. This may partly explain the lower mortality in the OSA group. Since patients were not generally screened for OSA at presentation, it is possible that a significant proportion of patients in the non-OSA group actually had unrecognized OSA. A higher proportion of patients in the OSA were obese. “Obesity paradox” may also be a reason for improved outcomes in patients with OSA compared to those who do not have OSA. Obesity paradox is the phenomenon whereby people with obesity experience better cardiovascular outcomes compared to their non-obese counterparts [28]. However, recent studies are casting doubt on the true existence of the obesity paradox [29]. Overall, more work needs to be done in this area to understand the reasons for lower mortality in OSA patients with NSTEMI.



Limitations


Limitations of this study include its non-randomized nature. Although we conducted propensity matching and subgroup analysis, it is difficult to know the extent to which confounders affected the findings. The severity of NSTEMI and OSA as well as infarct sizes were not specified in the database. Thus, it was impossible to control for the severity of either condition in estimating the outcomes of interest. The diagnostic modalities for OSA were not specified in the database, but the diagnostic accuracies for NSTEMI in both groups were likely to be similar, as utilization of PCI was similar in both groups. The details of treatment for OSA and comorbidities were not available in the database.





5. Conclusions


In the present study, there was lower in-hospital mortality in NSTEMI patients with diagnosed OSA compared to patients without OSA. Follow up studies will improve our understanding of the relationship between OSA and in-hospital outcomes in patients with NSTEMI.
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Table 1. Propensity score-standardized morbidity ratio (SMR) weighted baseline characteristics of patients with NSTEMI by OSA status.






Table 1. Propensity score-standardized morbidity ratio (SMR) weighted baseline characteristics of patients with NSTEMI by OSA status.





	
Items

	
OSA Status

	
¥ SD




	
Non-OSA

	
OSA






	
Age-year, mean (SD)

	
64.78 (3.14)

	
64.78 (12.05)

	
0.0005




	
Female, %

	
31.66

	
31.66

	
0.0000




	
Race/Ethnicity, %

	

	

	
0.0000




	
-White

	
71.26

	
71.32

	




	
-Black

	
11.50

	
11.55

	




	
-Hispanic

	
5.20

	
5.21

	




	
-Asia

	
1.12

	
1.13

	




	
-Missing

	
8.41

	
8.28

	




	
Dyslipidemia

	
72.72

	
72.63

	
0.0019




	
Prior myocardial infarction

	
15.97

	
15.94

	
0.0009




	
Prior percutaneous coronary intervention

	
19.99

	
20.03

	
0.0009




	
Prior coronary artery bypass grafting

	
11.25

	
11.33

	
0.0023




	
Prior pacemaker

	
3.59

	
3.65

	
0.0034




	
Atrial fibrillation

	
21.19

	
21.45

	
0.0063




	
Chronic obstructive pulmonary disease

	
33.40

	
33.84

	
0.0093




	
Prior cerebrovascular disease

	
8.08

	
8.13

	
0.0019




	
Hypertension

	
81.28

	
81.35

	
0.0018




	
Peripheral vascular diseases

	
15.30

	
15.36

	
0.0017




	
Hypothyroidism

	
13.50

	
13.56

	
0.0017




	
Diabetes mellitus

	
57.26

	
57.34

	
0.0017




	
Obesity

	
47.79

	
48.13

	
0.0069




	
Deficiency Anemia

	
20.75

	
20.78

	
0.0008




	
Congestive heart failure

	
41.27

	
41.69

	
0.0087




	
Renal failure

	
29.92

	
30.02

	
0.0022




	
Liver disease

	
2.02

	
2.04

	
0.0013




	
On maintenance dialysis

	
4.16

	
4.16

	
0.0001




	
Smoking

	
42.26

	
42.36

	
0.0020




	
Weekend admission, %

	
26.30

	
26.27

	
0.0007




	
Elixhauser score %

	

	

	
0.0000




	
-1

	
9.87

	
9.84

	




	
-2–3

	
39.91

	
39.55

	




	
-≥4

	
50.23

	
50.61

	




	
Hospital bed size, %

	

	

	
0.0000




	
-Small

	
10.25

	
10.20

	




	
-Medium

	
25.31

	
25.23

	




	
-Large

	
64.43

	
64.57

	




	
Expected primary payer, %

	

	

	
0.0000




	
-Medicare

	
58.12

	
58.16

	




	
-Medicaid

	
7.42

	
7.36

	




	
-Private

	
27.76

	
27.71

	




	
-Self pay

	
3.63

	
3.66

	




	
-Others

	
3.07

	
3.10

	




	
Median household income in quartile, %

	

	

	
0.0000




	
-1st

	
29.01

	
29.06

	




	
-2nd

	
27.23

	
27.08

	




	
-3rd

	
24.14

	
24.17

	




	
-4th

	
17.85

	
17.93

	




	
-Missing

	
1.76

	
1.76

	




	
Hospital Region, %

	

	

	
0.0000




	
-Northeast

	
14.97

	
14.96

	




	
-Midwest

	
27.87

	
27.97

	




	
-South

	
38.92

	
38.81

	




	
-West

	
16.19

	
16.20

	




	
-Missing

	
2.05

	
2.05

	




	
Hospital Teaching status

	

	

	
0.0217




	
-Rural

	
7.23

	
7.29

	




	
-Urban, non-teaching

	
32.49

	
32.50

	




	
-Urban, Teaching

	
60.28

	
60.21

	








¥ ASD Indicates absolute standardized differences, calculated as differences in means or proportions divided by a pooled estimate of the SD.
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Table 2. Multivariate adjusted model predicting different clinical outcomes by patients with OSA in reference to patients with non-OSA.
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	OSA
	Non-OSA
	aOR/aMR (95% CI)
	p-Value





	In-patient mortality
	2.61
	3.53
	0.73(0.66–0.81)
	<0.0001



	Medical therapy, %
	47.40
	45.69
	1.08 (1.04–1.12)
	<0.0001



	PCI, %
	40.29
	40.97
	0.97 (0.93–1.01)
	0.0927



	CABG, %
	12.77
	13.85
	0.91 (0.86–0.98)
	0.0003



	Cardiac arrest, %
	1.90
	2.12
	0.89 (0.78–1.02)
	0.0910



	Ischemic stroke, %
	0.86
	1.21
	0.71 (0.59–0.85)
	0.0002



	Acute kidney Injury, %
	20.61
	20.28
	1.02 (0.98–1.07)
	0.3392



	Cost—mean, $
	17,326
	16,984
	1.02 (1.01–1.02)
	<0.0001



	* Length of stay—mean, days
	4.10
	3.96
	1.03 (1.02–0.03)
	<0.0001







aOR, adjusted odd ratio; aMR, adjusted mean ratio. * Length of stay among those that survived till hospital discharge.
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Table 3. Subgroup analysis: mortality by age, gender and revascularization strategy.
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Age




	
Age category

	
<55 years

	
55–65 years

	
>65 years

	
P *




	
In-patient mortality

	
0.93 (0.65–1.33)

	
0.68 (0.53–0.85)

	
0.73 (0.64–0.82)

	
0.33




	
Gender




	
Gender category

	
Female

	
Male

	




	
In-patient mortality

	
0.81 (0.67–0.97)

	
0.70 (0.62–0.80)

	
0.22




	
Revascularization Strategy




	
Treatment category

	
Medical therapy

	
PCI

	
CABG

	




	
In-patient mortality

	
0.70 (0.62–0.80)

	
0.84 (0.65–1.09)

	
0.66 (0.46, 0.96)

	
0.41








P * for p interaction.
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