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Objectives: Studies investigating the relationship between nonapnea sleep disorders and the risk of acute coronary syndrome (ACS) are scant.
This study evaluated whether the risk of ACS is associated with sleep disorders other than sleep apnea in Taiwan.

Methods: This longitudinal nationwide population-based cohort study investigated the incidence and risk of ACS in 49,099 cases of nonapnea
sleep disorders newly diagnosed from January 1997 to December 2001. In total, 98,198 control participants without sleep disorders were randomly
selected, frequency matched by age and sex from the general population. The follow-up period started from the date of entering the study cohort
to the date of an ACS event, censoring, or December 31, 2010. We conducted Cox proportional hazard regression analysis to estimate the effects
of nonapnea sleep disorders on ACS risk.

Results: The nonapnea sleep disorder cohort had an adjusted hazard ratio (HR; 95% confidence interval [CI] = 1.29-1.60) of subsequent ACS 1.43-fold
higher than that of the cohort without sleep disorders. The highest crude effect of nonapnea sleep disorders on ACS incidence was detected among young
adults. However, by adjusting for probable risk factors, the HR of ACS increased with age. Compared with women, men had an adjusted HR of 1.57
(95% Cl = 1.42-1.75). Hypertension, diabetes mellitus (DM), and hyperlipidemia were also significant factors associated with the increased risk of ACS.

Conclusion: This nationwide population-based cohort study provides evidence that patients with nonapnea sleep disorders are at higher risk of

developing acute coronary syndrome, which increases with age.
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INTRODUCTION

Insomnia is a common complaint in the general population.'
Insomnia or sleep disturbance is the most prevalent sleep disorder.
Insomnia is defined as difficulty in falling asleep, remaining
asleep, and ecarly final awakening. The association is clear
between sleep disorders and comorbidities such as prior psychi-
atric disorders, circulatory diseases, and gastrointestinal diseases.
Conversely, insomnia may predispose patients to cardiovas-
cular and cerebrovascular risk factors. More than 50% of stroke
patients have sleep disordered breathing, mostly in the form of
obstructive sleep apnea, which is recognized as an independent
risk factor for cardiovascular diseases (CVDs) and cerebrovas-
cular diseases (CVAs).** However, studies investigating the
possibility that nonapnea sleep disorders may increase acute coro-
nary syndromes (ACSs) are scant. Vgontzas et al.® showed that
insomnia with short sleep duration is associated with increased
risk of hypertension in a cross-sectional study. The longitudinal
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study by Fernandez-Mendoza et al.” further demonstrated that
the risk of incident hypertension was significantly increased in
insomnia with objective short sleep duration. Recent studies have
also shown insomnia to be associated with atherosclerosis risk.®
ACS types, including unstable angina and myocardial infarc-
tion with or without ST-segment elevation, are life-threatening
disorders that retain high morbidity and mortality despite
advances in treatment.” Grandner et al.'® showed the associa-
tion between sleep disorders and increased risk of myocardial
infarction. However, this study did not objectively assess
sleep apnea and, therefore, could not control for its contribu-
tion to the increased risk of myocardial infarction. We evaluate
sleep disorders other than sleep apnea in association with the
development of ACS in Taiwan. The study results are from a
nationwide population-based cohort study assessing the possi-
bilities of increased risk of ACS among patients with nonapnea
sleep disorders. The original data were derived from Taiwan’s
National Health Insurance Research Database (NHIRD).

MATERIALS AND METHODS

Data Sources

The National Health Insurance (NHI) program in Taiwan
is a universal insurance system established by the Bureau of
National Health Insurance in the Department of Health and was
implemented in 1995. The insurance program provides health-
care to 99% of the 23.74 million people in Taiwan, and has a
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Table 1—Comparison of demographics and comorbidity between patients with nonapnea TV;O r}:afmmpalrlns were selelcmd dfor tge cor;;pgnso?
sleep disorders and patients without sleep disorders cohort Tor each nonapnea sieep disorder participant.
No sleep disorders _ Nonapnea sleep Outcome Measures
(n= 98,1983 disorders (n —409,099) The person-y of follow-up were estimated for
A n t n L P study patients from the index date to ACS diag-
9o,y noses, including acute myocardial infarction and
jﬁgs ig;gi igg ;gggg 42122 0.9 unstable angina (ICD-9-CM codes 410 and 411.1),
> 65 24.416 249 12,208 249 ;:ens?rir;glfaused by.:lfsrth dlirifng h(ilslpit.alization,
\ oss to follow-up, withdrawal from the insurance
Mean (SD) 513 168 515 166 0.02 system, or the end of December 31, 2010. Comor-
Sex 5 bidities included in our study were hypertension
remale e o 0.99 (ICD-9-CM codes 401-405), DM (ICD-9-CM code
@ ! ‘ : ' 250), hyperlipidemia (ICD-9-CM code 272), CVA
C°£“°fb:td'ty, wots 24 8o a1 <oooppe | (CD-9-CM codes 430-438), depression (ICD-
ypertension , . , - .0001 } 4 11
Diabetes mellitus 9,121 9.29 7165 146 <ogoofe | CM codes 296.2,7296.3, 300.4, and 311), and
R chronic obstructive pulmonary disease (COPD;
Hyperlipidemia 9,350 9.52 9,527 19.4 <0.00012 des 490-4
CVA 6,562 6.68 6858 1397  <00001= | ICD-9-CM codes 490-496).
COPD 17,693 18.02 17,097 34.82 <0.00012 L. .
Statistical Analysis
aChi-square test. "T-test. COPD, chronic obstructive pulmonary disease; CVA, All statistical apalyses were performed using
cerebrovascular disease; SD, standard deviation. SAS 9.2 (SAS Institute Inc., Cary, NC, USA). The
proportionate distribution of demographic charac-

contract with 97% of Taiwan hospitals and clinics.' The National
Health Research Institute (NHRI) possesses the registration
and claims data of 1 million persons, systematically selected
from all insurants. The NHRI in Taiwan manages the NHI data
bank. The NHI dataset includes information on medical facility
registries, details of inpatient orders, ambulatory care, dental
services, prescribed drugs, physicians providing services, and
contains registration files with encrypted identification. Diag-
noses are coded according to the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).
This cohort study was approved by the Ethics Review Board of
China Medical University (CMU-REC-101-012).

Study Participants

We selected patients with newly identified sleep disorders
other than sleep apnea as the nonapnea sleep disorders cohort,
including nonorganic sleep disorders and sleep disturbances
diagnosed by physicians (ICD-9-CM codes 307.4 and 780.5)
from January 1997 to December 2001. The date of nonapnea
sleep disorder diagnosis was used as the index date. We
excluded patients who had sleep apnea syndrome (ICD-9-CM
codes 780.51, 780.53, and 780.57) and patients with a history of
ACS before the index date. Nonapnea sleep disorders were clas-
sified into insomnia (ICD-9-CM code 780.52), sleep disturbance
(ICD-9-CM code 780.5), unspecified sleep disturbance (ICD-
9-CM code 780.50), unspecified hypersomnia (ICD-9-CM code
780.54), unspecified disruptions of 24-h sleep-wake cycle (ICD-
9-CM code 780.55), dysfunctions associated with sleep stages
or arousal from sleep (ICD-9-CM code 780.56), unspecified
sleep related movement disorder (ICD-9-CM code 780.58),
and other (ICD-9-CM code 780.59), and other sleep disorders
including specific disorders of sleep of nonorganic origin (ICD-
9-CM code 307.4). The comparison cohort comprised randomly
selected patients without a history of sleep disorders, sleep
apnea, and ACS, frequency matched by sex, age, and index date.
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teristics and comorbidities between the cohorts of
nonapnea sleep disorders and nonsleep disorders were compared
and tested using the y? test. The mean age between both cohorts
was measured and tested using the ¢ test. We assessed the overall,
sex- and age-specific incidences of ACS for both nonapnea sleep
disorder and nonsleep disorder cohorts, and used Cox propor-
tional hazard regression analysis to estimate the hazard ratios
(HRs) with 95% confidence intervals (CIs) of ACS development
in the nonapnea sleep disorder cohort, and compared with the
nonsleep disorder cohort. The Cox proportion hazard regres-
sion models were used to assess the effects of nonapnea sleep
disorders on the risk of ACS after adjusting for variables that
the y* analyses showed to have a significant association. We
also measured the incidence associated with a specific comor-
bidity for both cohorts, and the HR for those with the comor-
bidity compared with those without the comorbidity. To assess
the difference in the ACS-free rates between the two cohorts, we
applied Kaplan-Meier analysis and the log-rank test.

RESULTS

The prevalence of nonapnea sleep disorder patients from
1997 to 2001 was 0.47% in 1997, 0.93% in 1998, 2.2% in 1999,
3.37% in 2000, and 4.1% in 2001. During 1997-2001, we iden-
tified 49,099 patients for the nonapnea sleep disorder cohort and
98,198 patients for the nonsleep disorder cohort. Almost half of
the patients were 41-65 y of age, and 63.7% were women. The
distribution of age and sex was similar between the two cohorts.
The nonapnea sleep disorder cohort was more prevalent with
hypertension, DM, hyperlipidemia, CVA, COPD, and heart
failure than the nonsleep disorder cohort (P <0.0001) (Table 1).

During the follow-up period, the overall incidence of ACS was
almost twofold higher in patients with nonapnea sleep disorders
than in patients with nonsleep disorders (14.6 versus 7.66 per
10,000 person-y) (Table 2). After adjusting for the covariates,
the risk of developing ACS remained significant for patients
with nonapnea sleep disorders (HR = 1.43; 95% CI = 1.29-1.60).
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sleep disorders by sex, age, and comorbidity number

No sleep disorders

Nonapnea sleep disorders

Table 2—Acute coronary syndrome incidence and hazard ratios of acute coronary syndrome for nonapnea sleep disorders cohort compared to cohort without

Compared to cohort without sleep disorders

Variables Case Person-years Rate? Case Person-years Rate? Crude HR" (95% CI) Adjusted HR® (95% CI)
Acute coronary syndrome 715 933,421 7.66 706 483,586 14.6 1.91(1.72, 2.12) 1.43 (1.29, 1.60)f
Sex

F 378 606,346 6.23 366 316,151 11.6 1.86 (1.61, 2.15)f 1(Reference)

M 337 327,075 103 340 167,434 203 1.97 (1.70, 2.30)f 1.57 (142, 1.75)f
Age,y

<40 19 261,339 0.73 29 136,709 212 2.91(1.63,5.19)° 1 (Reference)

41-65 321 483,562 6.64 333 243,838 13.7 2.06 (1.77, 2.40) 5.02 (3.73, 6.76)

> 65 375 188,520  19.9 344 103,039 334 1.69 (1.46, 1.95)f 8.90 (6.56, 12.1)'
Number of comorbidities

0 176 598,783 2.94 58 144,986 4.00 1.36 (1.01, 1.84)° 1 (Reference)

1 173 182,176 9.50 131 145,239 9.02 0.95(0.76, 1.19) 2.11(1.77, 2.51)

2 178 88,293  20.2 176 94,608 18.6 0.93 (0.75, 1.14) 3.44 (2.89, 4.11)

23 188 64,168  29.3 341 98,752 345 1.20 (1.00, 1.43)¢ 5.09 (4.28, 6.04)

“Rate, incidence rate per 10,000 person-y. °Crude HR, crude hazard ratio. “Adjusted HR, multivariable analysis including age, sex, and comorbidities.
9P < 0.05.¢P < 0.01. P < 0.0001. Cl, confidence interval; HR, hazard ratio.

Table 3—Comparison of incidence and hazard ratios of acute coronary syndrome by individual comorbidity between cohort with nonapnea sleep disorders
and cohort without sleep disorders

No sleep disorders Nonapnea sleep disorders Compared to cohort without sleep disorders P value
for
Variables Event Person-years Rate? Event Person-years Rate® Crude HR" (95% CI) Adjusted HR® (95% Cl) interaction

Hypertension 0.25

No 289 748,400 3.86 182 315,829 5.76 1.49 (1.24, 1.80) 1 (Reference)
Yes 426 185,021 23 524 167,756 31.2 1.37 (1.20, 1.55)f 249 (2.18, 2.84)
Diabetes 0.03
No 524 859,550 6.1 430 418,811 1.5 1.88 (1.66, 2.13)' 1 (Reference)
Yes 191 73,870 259 226 64,775 349 1.36 (1.12, 1.64)° 1.62 (1.43, 1.83)
Hyperlipidemia 0.03
No 540 846,807 6.38 457 390,396 1.7 1.84 (1.62, 2.08)" 1 (Reference)
Yes 175 86,614  20.2 249 93,190 26.7 1.33(1.09, 1.61)° 1.23(1.09, 1.40)
CVA 0.01
No 595 886,122 6.71 519 423,673 12.3 1.83 (1.62, 2.06)" 1 (Reference)
Yes 120 47298 254 187 59,912 31.2 1.26 (1.00, 1.59)¢ 1.05(0.92, 1.20)
COPD 0.17
No 486 780,549 6.23 355 322,184 1 1.77 (1.55, 2.03)" 1 (Reference)
Yes 229 152,872 15 351 161,401 218 1.46 (1.24,1.73) 1.11(0.99, 1.24)
Depression 0.34
No 706 927,579 7.61 661 456,259 14.5 1.91(1.71, 2.12) 1 (Reference)
Yes 9 5841 154 45 27,326 16.5 1.11(0.54, 2.25) 1.06 (0.84, 1.40)

“Rate, incidence rate per 10,000 person-y. "Crude HR, crude hazard ratio. “Adjusted HR, multivariable analysis including age, sex, and comorbidities.
9P < 0.05. °P < 0.01. P < 0.0001. CI, confidence interval; CVA, cerebrovascular disease; COPD, chronic obstructive pulmonary disease; HR, hazard ratio.

Men had a higher incidence of ACS in both cohorts and a 57%
increase of ACS risk, compared with women. The incidence of
ACS increased with age in both cohorts. The age-specific crude
relative risk of ACS for patients with nonapnea sleep disorders
was higher in young adults than in middle-aged and older adults
(age 40 y or younger, crude HR = 2.91, 95% CI = 1.63-5.19;
41-65 y of age, crude HR = 2.06, 95% CI = 1.77-2.40; older
than 65 y, crude HR = 1.69, 95% CI = 1.46-1.95, respectively).
However, the adjusted HR was 5.02 (95% CI = 3.37-6.76) for
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middle-aged adults and 8.90 (95% CI = 6.56-12.10) for older
adults compared with young adults (age 40 y or younger). The
incidence of ACS increased with increased numbers of comor-
bidities in both cohorts. After adjusting for sex and age, patients
with more than three comorbidities had a 5.09-fold risk of devel-
oping ACS compared with those without comorbidities (Table 2).

However, the effect of nonapnea sleep disorders on the risk
of ACS development decreased if only one comorbidity was
considered (Table 3). The multivariable Cox model showed
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Table 4—Incidence and hazard ratios of acute coronary syndrome in patients with different types of nonapnea sleep disorders

Variables Case Person-years Rate?

No sleep disorders 715 933,421

Nonapnea sleep disorders 706 483,586 14.6
Insomnia 269 188,768 14.3
Sleep disturbance 343 243,017 14.1
Other sleep disorders 94 51,800 18.1

“Rate, incidence rate per 10,000 person-y. °Crude HR, related hazard ratio. Adjusted HR: adjusted for age, sex, and comorbidities. P < 0.0001. ICD-9-CM
codes: Insomnia: 780.52; Sleep disturbance: 780.5, 780.50, 780.54-780.56, 780.58-780.59; Other sleep disorders: 307.4

Crude HR" (95 % CI) Adjusted HRe (95 % ClI)
1 (Reference) 1 (Reference)
1.91(1.72, 2.12) 1.43 (1.29, 1.60)¢
1.86 (1.62, 2.14)¢ 1.28 (1.10, 1.47)
1.85 (1.63, 2.10) 1.51(1.33,1.73)¢
( ) ( )

2.37 (1.91, 2.94)° 1.71(1.38, 2.13)¢

1.0

0.995+

0.990

0.985+

0.980
—— No sleep disorders
---- Nonapnea sleep disorders

0.975+

Log-rank Test: P value < 0.0001
0970 ¢

Probability Free of Acute Coronary Syndrome

0 2 4 6 8 10 12 14

Time to Acute Coronary Syndrome (years)

Figure 1—Probability free of ACS for patients with nonapnea sleep
disorders (dashed line) or without sleep disorders (solid line).

that hypertension, DM, and hyperlipidemia were also signifi-
cant factors associated with the increased risk of ACS. We also
observed the interactions between nonapnea sleep disorders
and certain comorbidities including DM, CVA, and hyperlip-
idemia. We further examined the association between ACS risk
and different subgroups of nonapnea sleep disorder, and we
determined the adjusted HRs to be 1.28 for insomnia, 1.51 for
sleep disturbance, and 1.71 for other sleep disorders (Table 4).

Figure 1 shows the Kaplan-Meier curves of freedom from
ACS in both cohorts. A significant difference exists in ACS
occurrence between the nonapnea sleep disorders cohort and
the nonsleep disorders cohort (log-rank test, P < 0.0001).

DISCUSSION

ACS includes life-threatening diseases that possess high
morbidity and mortality despite advances in treatment.” The
ACS risk factors are similar to those for stroke, and include older
age, hypertension, hyperlipidemia, DM, cigarette smoking, and
lack of physical activity. Obstructive sleep apnea is associated
with an increased risk of CVD and stroke, and is also strongly
associated with obesity, insulin resistance, dyslipidemia, and
hypertension.'*"* Screening for and treating obstructive sleep
apnea in patients with coronary artery disease who may undergo
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percutaneous coronary intervention may result in a decreased risk
of cardiac death.'* A previous study, by Grandner et al.,'* demon-
strated an association between sleep disorders and increased risk
of myocardial infarction. However, this study did not objectively
assess sleep apnea and, therefore, could not control for its contri-
bution to the increased risk of myocardial infarction.

Several cohort studies have observed that insomnia symp-
toms are associated with a moderately increased risk of CVD.'>!7
Nonetheless, these studies did not exclude participants with
obstructive sleep apnea, which may accentuate the association.
Studies addressing the association between nonapnea sleep disor-
ders and CVD are scant. According to our research, this study is
the first to provide epidemiologic data for the Asian population
to address the association between nonapnea sleep disorders and
ACS. The yearly prevalence rate of nonapnea sleep disorders in
this study increased from 0.47% in 1997 to 4.1% in 2001, which
may explain why the participants sought medical treatment for
their sleep disorders in increasingly greater numbers. However,
the prevalence was lower than in previous studies conducted
in other countries, ranging from 10-40%.'¢!%2! Patients with
insomnia have been observed to rarely visit a physician to discuss
their sleep problems, and four of 10 patients self-medicated with
nonprescription medication or with alcohol.”> Most patients with
nonapnea sleep disorder were middle-aged adults, signifying a
possible association with psychological stress.”* A significant
association was observed in our study between nonapnea sleep
disorders and comorbidities such as hypertension, DM, hyperlip-
idemia, CVA, COPD, and heart failure, a finding that is consis-
tent with those of previous studies.”24%3

Most patients in the nonapnea sleep disorders cohort in our
study were women. Numerous studies have observed a female
preponderance of insomnia; the meta-analysis of Zhang and
Wing? and other studies’®® also confirmed a high female
insomnia risk. After adjusting for age and other comorbidi-
ties, we observed that men with nonapnea sleep disorders had
a higher risk of developing ACS than did women, which is
consistent with findings of previous studies.”** However, it is
not supported by the study by Laugsand et al.,'® who reported
that women have a slightly higher risk of acute myocardial
infarction than men because of difficulties in initiating sleep,
and cumulative insomnia symptoms. In addition, the age-
specific crude relative risk showed that the effect of nonapnea
sleep disorders on ACS risk was higher among young adults
than middle-aged and older adults. However, the risk of ACS
increased with age after adjusting for sex and comorbidities.
This might be because older adults have a higher proportion
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of comorbidities interacting with nonapnea sleep disorders,
leading to development of ACS. This epiphenomenon can be
explained by ACS risk having increased when the patients
had more comorbidities in addition to nonapnea sleep disor-
ders. Conversely, the effect of nonapnea sleep disorders on the
risk of ACS development decreased if only one comorbidity
was considered. This phenomenon can be explained by effect
modification. We observed the interactions between nonapnea
sleep disorders and certain comorbidities including DM, CVA,
and hyperlipidemia. Comorbidities such as hypertension, DM,
and hyperlipidemia also increased the risk of ACS in our study.
Patients with nonapnea sleep disorder with more than three
comorbidities had a 5.09-fold risk of developing ACS compared
to those without comorbidities.

The nonapnea sleep disorders cohort in the current study had
a 1.43-fold increased risk of subsequent ACS compared with
the nonsleep disorders cohort after controlling for age, sex, and
comorbidities. The results were relatively robust in different
multivariable models. Studies have found inconsistent cardio-
vascular effects of insomnia by using questionnaires or other
methods,**'-% which differs from our study population based on
physician diagnoses. We further examined the subgroup effects
of nonapnea sleep disorders on ACS risk and determined the
adjusted HRs to be 1.28 for insomnia, 1.51 for sleep disturbance,
and 1.71 for other sleep disorders. Although there are several
potential mechanisms, the nature of the association between
nonapnea sleep disorders and ACS remains unclear.***” A recent
study by Fernandez-Mendoza et al.” showed that insomnia with
short sleep duration increased the risk of incident hypertension.
Objective short sleep duration in insomnia may serve as a useful
predictor of the biological severity of incident hypertension.’
Our study also showed that a significantly higher proportion of
hypertension and hyperlipidemia existed in the nonapnea sleep
disorder cohort than in the nonsleep disorder cohort. Nakazaki
et al.® observed that insomnia and short sleep duration were
associated with atherosclerosis risk leading to CVD. Athero-
sclerosis and incident hypertension may predispose patients
to sudden reduced or occluded blood flow of the coronary
arteries, which may explain why the patients in our study with
nonapnea sleep disorders were shown to have a higher risk of
developing ACS. We conducted further mediation analysis and
found that the inclusion of hypertension and hyperlipidemia
in the multivariable models attenuated the effect of nonapnea
sleep disorders on the risk of ACS (the adjusted HR decreased
from 1.59 to 1.41 after adding hypertension to the multivariable
model that included sex, age, DM, CVA, COPD, and depres-
sion, to 1.55 after adding hyperlipidemia, and to 1.43 after
controlling for hypertension and hyperlipidemia together).

To evaluate the contribution of more specific sleep disorders,
the sleep disorder diagnoses associated with ACS incidence
were further analyzed. Results showed that 40.2% of sleep
disorders had been diagnosed as insomnia, 37.2% as sleep
disturbance, and 22.6% as others. The incidence rates of ACS
were 14.3, 13.5, and 17.0 per 10,000 person-y, with adjusted
HRs of 1.28 (95% CI =1.10-1.47), 1.52 (95% CI = 1.31-1.76),
and 1.61 (95% CI = 1.36-1.90), respectively.

However, our study has limitations. First, the NHIRD does
not provide detailed patient information such as smoking
habits, alcohol consumption, body mass index, physical
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activity, socioeconomic status, and family history, which all
are potential confounding factors in this study. However, these
factors may be randomly distributed in these two large cohorts.
Second, the evidence derived from a retrospective cohort study
is of lower methodological quality than that from randomized
trials because a retrospective cohort study design is subject to
certain biases related to confounder adjustments. Third, the lack
of data on objective sleep measurement or other mental health
conditions highly comorbid with sleep disorders and a history
of medication is a critical limitation. In addition, a possible
survival effect may be another limitation. Despite these limita-
tions, the strength of this study is in providing a nationwide
population-based cohort longitudinal study for the Asian
population regarding the link between nonapnea sleep disor-
ders and the risk of subsequent ACS events. Our findings may
benefit from further analyses regarding specific sleep disorders
contributing to ACS incidence in future studies. In summary,
we found that patients with nonapnea sleep disorders are at a
higher risk of developing ACS, and this risk increases with age.
Because the number of patients with nonapnea sleep disorders
is increasing, enhancing sleep disorder management may be
vital for ACS prevention.
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SUPPLEMENTAL MATERIAL

Table S1—Hazard ratios for risk factors of acute coronary syndromes

Model 1 Model 2 Model 3 Model 4
Nonapnea sleep disorders HR (95% ClI) HR (95% Cl) HR (95% ClI) HR (95% Cl)
No 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Yes 1.59 (1.43, 1.78)*** 1.41(1.27, 1.58)** 1.55 (1.39, 1.73)*** 1.43 (1.29, 1.60)**

Model 1: Multivariable Cox hazard proportional analysis including sex, age, diabetes mellitus, CVA, COPD, and depression. Model 2: Multivariable Cox
hazard proportional analysis including sex, age, diabetes mellitus, CVA, COPD, depression, and hypertension. Model 3: Multivariable Cox hazard proportional
analysis including sex, age, diabetes mellitus, CVA, COPD, depression, and hyperlipidemia. Model 4: Multivariable Cox hazard proportional analysis including
sex, age, diabetes mellitus, CVA, COPD, depression, hypertension, and hyperlipidemia. ***P < 0.0001. CI, confidence interval; HR, hazard ratio.
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