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Study Objectives: The association between posttraumatic stress disorder (PTSD) and obstructive sleep apnea (OSA) has been reported inconsistently, and the
association between antidepressant use and the risk of developing OSA in patients with PTSD has not been previously studied. Therefore, we used the Longitudinal
National Health Insurance Database (LHID) to investigate the impact of PTSD and antidepressant use on the risk of OSA development.

Methods: Identified from the LHID, 2,316 individuals aged = 18 years with PTSD, but with no history of OSA, and 23,160 control individuals matched for age, sex,
obesity and index date were enrolled between 2000 and 2015 and followed up until the end of 2015 to identify the development of OSA. A two-tailed Bonferroni-
corrected P <.00038 (.05/13) was considered statistically significant as we examined 13 antidepressants.

Results: Individuals with PTSD had increased risk of developing OSA (adjusted hazard ratio 4.672, 95% confidence interval 2.246-9.787, P <.001) after
adjusting for demographic data, medical comorbidities, and medication. Treatment with antidepressants was not significantly associated with an increased risk of
developing OSA compared to no antidepressant treatment.

Conclusions: Asian patients with PTSD had increased risk of developing OSA, and treatment with antidepressants did not play a key role in increasing the risk of
OSA development. Further studies are required to investigate the underlying mechanisms of PTSD and the roles of antidepressants on the risk of developing OSA.
Keywords: antidepressants, obstructive sleep apnea, posttraumatic stress disorder, sleep-disordered breathing
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BRIEF SUMMARY

Current Knowledge/Study Rationale: The association between obstructive sleep apnea and posttraumatic stress disorder (PTSD) have been inconsistent,
and the impact of antidepressants on the risk of obstructive sleep apnea (OSA) in patients with PTSD still has not been investigated. Therefore, we used a
real-world big dataset to investigate the impact of PTSD and antidepressant use on the risk of OSA development.

Study Impact: This study provides extension evidence to the existing literature about the association between PTSD and OSA. In addition, our study results
have the potential to impact the development of novel management strategies for patients with PTSD and OSA.

INTRODUCTION

Posttraumatic stress disorder (PTSD) is a psychiatric illness

between PTSD and OSA remain unclear because of the
methodological limitations of previous studies, such as small
sample sizes,>¢*!"1315 cross-sectional designs,*™'" different
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characterized by persistent extreme stress and anxiety responses
following a traumatic event. The symptoms of PTSD include
hyperarousal, flashbacks, intrusive thoughts, nightmares, or
avoidance of activities that trigger memories of traumatic
events. PTSD has been associated with a host of health prob-
lems, including cancer, arthritis, digestive disease, and car-
diovascular disease.'” Investigators have examined PTSD
in relation to a range of health outcomes and the studies
reporting increased risk for obstructive sleep apnea (OSA) in
PTSD are abundant.*"'* Mild and moderate to severe OSA has
been described in 69% and 83% of patients with war-induced
PTSD, respectively.”!® Despite the very high prevalence of
OSA among patients with PTSD, the exact associations
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sleep-testing methods,'? OSA diagnosis based on survey
questionnaires instead of in-laboratory polysomnography
(PSG),*'*!5 and short period of follow up.'* Moreover, some
previous studies have even found a lack of association between
OSA and PTSD.'7*° These studies had similar methodological
limitations, such as heterogeneity in the study populations with
varied PTSD severity and intensity of traumatic stress exposure
and lack of control groups'®!" and of the numerous different
diagnostic tools used for OSA.""° In addition, information
with regard to the effects of antidepressant treatment on the risk
of OSA in patients with PTSD is scarce. Despite abundant
reports on the efficacy of selective serotonin reuptake inhibitors
(SSRIs) and the general acceptance of SSRIs as the first-line
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Figure 1—The process of study sample selection.
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medication interventions for treating PTSD, previous studies
have shown that antidepressants may be associated with in-
creased body weight, which is a risk factor for OSA. Finally,
most of these studies were conducted in Western countries and
whether these findings are applicable to Asian populations re-
mains unknown, given that previous studies have shown that there
are specific different patterns in airway structure in Asian pop-
ulations, and OSA may develop more easily in Asian than in Wes-
tern individuals despite having similar body mass index (BMI).2'~*
Therefore, this cohort study aimed to examine the association
between PTSD and OSA and to investigate the effect of each
type of antidepressant on the risk of developing OSA in patients
with PTSD using the Taiwanese Longitudinal Health Insurance
Database (LHID) with a large sample size and a long follow-up
period. The LHID is a reliable data source and has been used in
previous studies investigating issues related to OSA.2*7°

METHODS

Data Sources

The National Health Insurance (NHI) program was launched in
Taiwan in 1995, and nearly 99% of residents were enrolled.?’
In the present study, we used the LHID released by the Bureau
of NHI (NHIB). LHID contains all longitudinal claims data from
1995 to 2015 for 2,000,000 individuals randomly selected among
the 25.68 million enrollees in the NHI program. The sample was
created by the NHIB using a systematic sampling method to ran-
domly extract a representative database from the entire Taiwan NHI
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database. There were no statistically significant differences with
regard to age, sex, and medical costs among the sample groups. The
NHIB randomly samples a fixed percentage of claims from every
hospital each year to ensure diagnostic validity through reviewing
the symptomatologies documented in the medical records by an in-
dependent group of professional experts, and false claims are fined.

In the present study, we adopted a cohort design to inves-
tigate the incidence and risk of OSA in patients with PTSD
from January 1, 2000 to December 31, 2015. Patient consent
was not required to access the LHID, as data were analyzed
anonymously. Although the study was entirely based on register
data, ethical permission was still required according to Taiwanese
law. This study was approved by the Institutional Review Board
of Tri-Service General Hospital (IRB No.: 2-105-05-082).

Inclusion Criteria for PTSD and Control Cohorts

Individuals aged 18 years or older who were newly diagnosed
with PTSD (ICD-9-CM codes 309.81) by board-certified
psychiatrists between 2000 and 2015 and had no history of
any PTSD or OSA before the index date were included as the
PTSD cohort. The time of first PTSD diagnosis was defined as
the index date. The propensity score matched (1:10) control
cohort by age, sex, obesity (ICD-9-CM code: 780), and index
date was identified among 2,000,000 individuals, after ex-
cluding people who had received a diagnosis of PTSD at any
time during the follow-up period and those who had been di-
agnosed with OSA before the index date. The first time the
patient in the control cohort sought medical consultation during
2000-2015 was considered the index date. Patients with
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Table 1—Baseline characteristics of the PTSD and comparison cohorts.

Total (n = 23,496) PTSD (n =2,136) Comparison (n = 21,360) p
n % n % n %

OSA <.001
Without 23,372 99.47 2,092 97.94 21,280 99.63
With 124 0.53 44 2.06 80 0.37

Sex .999
Male 6,534 27.81 594 27.81 5,940 27.81
Female 16,962 7219 1,542 7219 15,420 7219

Age (years), mean + SD 42.05 + 16.24 41.54 + 16.89 42.10 £ 16.17 129

Age group (years) .999
<40 12,628 53.75 1,148 53.75 11,480 53.75
40-59 7,282 30.99 662 30.99 6,620 30.99
=60 3,586 15.26 326 15.26 3,260 15.26

Insured premium (NTD) .786
< 18,000 20,518 87.33 1,872 87.64 18,646 87.29
18,000-34,999 1,930 8.21 175 8.19 1,755 8.22
= 35,000 1,048 4.46 89 417 959 4.49

Urbanization level <.001
1 (highest) 8,630 36.73 738 34.55 7,892 36.95
2 9,695 41.26 982 45.97 8,713 40.79
3 1,928 8.21 154 7.21 1,774 8.31
4 (lowest) 3,243 13.80 262 12.27 2,981 13.96

Medical comorbidities
Hypertension 4,264 18.15 552 25.84 3,712 17.38 <.001
Coronary artery disease 2,162 9.20 224 10.49 1,938 9.07 027
Cerebrovascular disease 2,741 11.67 316 14.79 2,425 11.35 <.001
Obesity 275 1.17 25 117 250 117 999
Diabetes mellitus 2,829 12.04 316 14.79 2,513 11.76 <.001
COPD 1,958 8.33 286 13.39 1,672 7.83 <.001
Depression 2,103 8.95 1,428 66.85 675 3.16 <.001
Dyslipidemia 1,542 6.56 254 11.89 1,288 6.03 <.001
Asthma 1,064 453 170 7.96 894 419 <.001
Alcohol/substance abuse 531 2.26 210 9.83 321 1.50 <.001
Antidepressants 2,110 8.98 428 20.04 1,682 7.87 <.001
Anxiety 1,678 7.14 1,012 47.38 666 3.12 <.001
Headache 1,438 6.12 141 6.60 1,297 6.07 803
Musculoskeletal pain 5,402 22.99 501 23.46 4,901 22.94 792

Frequency of health care utilization .966
1-5 7,958 33.87 725 33.94 7,233 33.86
6-10 9,550 40.65 864 40.45 8,686 40.66
11-20 4,332 18.44 391 18.31 3,941 18.45
=21 1,656 7.05 156 7.30 1,500 7.02

Frequency of PSG examinations (n = 296) .092
1-5 250 84.46 49 75.38 201 87.01
6-10 45 15.20 15 23.08 30 12.99
=1 1 0.34 1 1.54 0 0

COPD = chronic obstructive pulmonary disease, NTD = new Taiwan dollar, OSA = obstructive sleep apnea, PSG = polysomnography, PTSD = posttraumatic
stress disorder, SD = standard deviation.
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unidentified sex were excluded from this study. In order to
achieve full diagnostic validity, PTSD was diagnosed by
psychiatrists at least twice in an outpatient setting or once in an
inpatient setting, as performed in previous studies using the
Taiwanese LHID.?®?° The reason for the requirement of two
consecutive diagnoses from outpatient medical records was to
minimize the possibility of recruiting patients who were erroneously
coded during a single outpatient visit. Inpatient diagnoses are highly
reliable; therefore, a single record was sufficient. A flow chart of the
study selection process is provided in Figure 1.

Main Outcome

All study participants were followed from the index date
until developing any new-onset OSA (ICD-9-CM codes
327.23,780.51,780.53,780.57), withdrawal from the NHI pro-
gram, or the end of 2013. In order to achieve diagnostic validity,
OSA was diagnosed at least twice in an outpatient setting or once
in an inpatient setting following a diagnostic PSG (examination
codes 1708A and 1708B in LHID). The reason for the requirement
of repeat OSA diagnoses was the same as the reason for the re-
quirement of repeat PTSD diagnoses.’®** As the diagnostic cri-
teria for OSA are not only based on clinical signs and symptoms
but also on findings identified by sleep testing such as PSG,** we
used the findings of a PSG examination to diagnose OSA.

Possible Confounding Variables

We individually assessed medical comorbidities associated
with OSA at enrollment and during the entire follow-up period,
including hypertension, coronary artery disease, cerebrovas-
cular disease,’! obesity,* diabetes,*® dyslipidemia,**** chronic
obstructive pulmonary disease,***” and asthma*® in our study.
In the LHID, obesity is defined by a cutoff BMI of 24 kg/m?,
in accordance with the criteria for being overweight defined
by the Department of Health Promotion, Ministry of Health
and Welfare, Taiwan.>® Therefore, obesity is coded as a dichotomous
variable and thus, we could not ascertain its severity among par-
ticipants in the study. Furthermore, depression, anxiety disorder,
alcohol/substance abuse, headache, and musculoskeletal pain
as psychiatric comorbidities associated with OSA,**** diagnosed
by board-certified psychiatrists, were also assessed in our study.
In order to achieve full diagnostic validity, diagnoses of any
psychiatric comorbidity had to be specified at least twice for
consecutive outpatients or once for inpatient medical records.
Other variables, including urbanization level of residence, from level 1
(most urbanized) to level 4 (least urbanized),** and income-related
insured premium (in New Taiwan Dollars [NTDs]: < 18,000,
18,000-34,999, > 35,000) were also assessed in our study.

Antidepressant Exposure

Antidepressants in medical claims during the entire follow-up
period were considered in the analysis, including fluoxetine,
paroxetine, sertraline, fluvoxamine, citalopram, escitalopram,
venlafaxine, duloxetine, imipramine, clomipramine, amitrip-
tyline, mirtazapine, and bupropion. In this study, we used the
defined daily dose (DDD) to determine certain amounts of anti-
depressants, which were calculated using the following formula:
(total amount of the individual drug) / (DDD of the drug) = number
of DDDs. Cumulative DDDs (cDDDs), that is, the DDD sum of
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Figure 2—Comparison of Kaplan-Meier survival curve
estimates of OSA between the PTSD and comparison
cohorts.
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any antidepressant, served as the index of the cumulative dosage
of the antidepressant. This method has been adopted in many
previous pharmacological studies.*> The DDD data were obtained
from the World Health Organization Collaborating Centre for
Drug Statistics Methodology (https://www.whocc.no/), and the
duration of the use of antidepressant medications was calcu-
lated by dividing the cDDDs by the DDD of the antidepressant
medications. The DDD was divided into 1-29 days and > 30 days.
Because the LHID is a medical claims database, the DDD can
only represent the number of drug prescription days rather than
actual use; therefore, we could not precisely assess the duration
or continuation of antidepressant usage.

Statistical Analysis

All statistical analyses were performed using SPSS for Win-
dows, version 22.0 (IBM, Armonk, New York). The chi-square
and ¢ tests were used to evaluate the distributions of the cate-
gorical and continuous variables, respectively. The Fisher exact
test for categorical variables was used to statistically examine
the differences between the two cohorts. A Cox proportional
hazards regression model was used to investigate the rela-
tionship between PTSD and OSA, and the results are presented
as hazard ratio (HR) with 95% confidence interval (CI). The
difference in the risk of OSA between the PTSD and compar-
ison cohorts was estimated using the Kaplan-Meier method with the
log-rank test. Sensitivity analysis was used to investigate the ro-
bustness of study results after excluding the first 1 year and the first
3 years of OSA development during the study period. Each in-
dividual antidepressant medication was used to analyze the risk
ratio of OSA development between patients with PTSD who were
using and not using antidepressants. Bonferroni correction for
multiple comparisons was applied.*® A two-tailed Bonferroni-
corrected P < .00038 (.05/13) was considered statistically sig-
nificant, as we examined 13 antidepressants.
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Table 2—The incidence rates and risks of developing OSA between the PTSD and comparison cohorts, stratified by variables.

_ . _ PTSD vs Comparison Multivariable Cox
PTSD (n = 2,136) Comparison (n = 21,360) (Reference) Regression
Stratified ?::? ?::? Adjusted HR Adjusted HR
Events PYs 108 Events PYs 10° (95% CI) P (95% CI) P
PYs) PYs)
Overall 44 |24,31545| 1.81 80 [261,186.36| 0.31 | 4.672(2.246-9.787) |<.001| 4.672 (2.246-9.787)|< .001

Sex Male 10 592922 1.69 35 71,301.46| 049 | 2.715 (1.305-5.688)

.00

=y

0.982 (0.197-4.998) | .295

Age group (years)| <40 27 [10,354.43| 2.61 38 92,594.01| 0.41 | 5.025 (2.416-10.526)

.001 | Reference

40-59 " 8,632.15| 1.27 21 94,641.99| 022 | 4.542 (2.184-9.515)

.001| 0.672(0.485-0.973)| .012

( <
( <
Female | 34 [18,386.23| 1.85 45 {189,884.90| 0.24 | 6.172(2.967-12.930) | < .001 | Reference
( <
( <
<

260 6 532887 1.13 21 73,950.36| 0.28 | 3.135 (1.507-6.567)

.001| 0.312 (0.121-0.752) | < .001

Hypertension Without | 27 |16,194.35| 1.67 51 [176,750.46| 0.29 | 4.569 (2.197-9.572) |<.001|Reference
With 17 8,121.10| 2.09 29 84,43590| 0.34 | 4.820 (2.317-10.098) | <

.001| 1.792 (0.565-2.793) | .451

Coronary artery |Without| 30 |20,407.19| 1.47 59 1219,273.49| 0.27 | 4.321 (2.077-9.051) |<.001 |Reference
<

(

disease With 14 | 390826| 358 21 | 41,912.87| 050 | 5.653 (2.718-11.843) | < .001| 1.862 (1.024-3.975)| .033
Cerebrovascular |Without| 24 |21,116.97| 1.14 50 ]229,853.26| 0.22 | 4.132 (1.986-8.655) .003 | Reference
disease With 20 | 3,19848| 625 | 30 | 31,333.10| 0.96 | 5.165 (2.483-10.819)|<.001| 1.121 (0.792-2.865)| .386
Obesity Without | 33 |23,859.01| 1.38 | 75 |259,734.80| 0.29 | 3.792 (1.823-7.944) |< .001 |Reference

With 11 456.45| 24.10 5 1,45156| 3.44 | 4.462 (2.145-9.346) |<.001| 1.783 (1.116-2.725) |< .001
Diabetes mellitus |Without| 34 |19,505.77| 1.74 | 34 |205888.90| 0.17 | 8.352 (4.015-17.495) < .001|Reference

With 10 | 4,809.69| 208 | 46 | 55297.45| 0.83 | 1.973(0.948-4.132) | .096| 0.864 (0.025-7.683)| .896
COPD Without| 33 |19,535.06| 1.69 | 53 [227,216.23| 0.23 | 5.727 (2.753-11.998) | < .001 | Reference

With 11 | 478039 230 | 27 | 33,970.12| 0.79 | 2.289 (1.100-4.795) | .003| 0.662 (0.159-1.195)| .134
Depression Without 6 7,217.21| 0.83 73 [247,017.91| 0.30 | 2.225 (1.069-4.660) .015 | Reference

With 38 [17,098.25| 2.22 7 | 14,168.45| 049 | 3.558 (1.710-7.453) |<.001| 1.986 (1.005-3.374)| .044
Dyslipidemia Without | 37 |19,896.38| 1.86 | 70 |230,448.37| 0.30 | 4.842 (2.328-10.142) | < .001 |Reference

With 7 | 441907 158 | 10 | 30,737.99| 0.33 | 3.850 (1.851-8.065) | .196| 0.963 (0.422-2.865)| .273
Asthma Without| 35 |21,551.48| 162 | 64 (24278583 0.26 | 4.872(2.342-10.206) < .001|Reference

With 9 | 276397| 326 | 16 | 18,400.53| 0.87 | 2.961 (1.424-6.203) |<.001| 0.501 (0.033-1.794)| .267
Alcohol / Without | 34 |21,439.12| 159 | 75 [253,004.16| 0.30 | 4.232 (2.034-8.865) | < .001|Reference
:f,ﬂzfnce With 10 | 2,876.33| 348 5 8,182.20| 0.61 | 4.458 (2.143-9.338) |<.001| 1.124 (0.856-1.973)| .870
Antidepressants |Without| 41 [20,187.36| 2.03 67 [194,055.38| 0.35 | 4.652 (2.236-9.745) |<.001|Reference

With 3 | 412810 073 | 13 | 67,130.98| 0.19 | 2.968 (1.427-6.217) |<.001| 0.677 (0.335-1.012)| .064
Anxiety Without | 17 | 5744.21| 2.96 | 49 |149,505.30| 0.33 | 7.140 (3.433-14.958) | < .001 |Reference

With 10 |10,450.15| 0.96 2 | 27,24516| 0.07 |10.309 (4.956-21.596) < .001| 2.010 (1.137-6.389)| .007
Headache Without | 20 |13,724.07| 146 | 48 |170,919.66| 0.28 | 4.103 (1.973-8.596) | < .001 |Reference

With 7 | 247028| 283 3 5830.80| 0.51 | 4.356 (2.094-9.124) |<.001| 1.000 (0.767-1.835)| .299
Musculoskeletal |Without| 17 |13,489.25| 1.26 | 47 [170,780.19| 0.28 | 3.621 (1.741-7.586) |< .001|Reference
pain With 10 | 2,705.10| 3.70 4 50970.26| 0.67 | 4.364 (2.098-9.141) |<.001| 1.207 (0.685-2.973)| .331

Adjusted for variables listed in Table 1. Multivariable Cox regression: reference in overall was comparison cohort. Cl = confidence interval, COPD = chronic
obstructive pulmonary disease, HR = hazard ratio, OSA = obstructive sleep apnea, PTSD = posttraumatic stress disorder, PYs = person-years.

RESULTS

The baseline characteristics of the study population are shown
in Table 1. There were 2,316 individuals in the PTSD group
and 23,160 individuals in the control group, with a similar
distribution of sex, age, and income-related insurance pre-
miums. There were no significant differences with regard to the

Journal of Clinical Sleep Medicine, Vol. 15, No. 9

frequency of health care utilization (P = .966) and PSG ex-
aminations received (P =.092) between the PTSD and control
groups (Table 1). There were also no significant differences
with regard to the PSG examinations among the patients with
OSA between the PTSD and control groups (Table S2 in the
supplemental material). The mean age of the PTSD cohort was
41.54 £ 16.89 years, and 72.19% were women. Patients with
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Table 3—Sensitivity tests for the risk of developing OSA
using Cox proportional hazards model.

PTSD vs Comparison
(Reference)

All OSA cases
OSA in the first year excluded
OSA in the first 3 years excluded

Adjusted HR (95% CI) | P

4672 (2.246-9.787) | <.001
3.825 (1.763-8.167) 001
3.011 (1.125-7.672) 009

Adjusted for variables listed in Table 1. Cl = confidence interval, HR =
hazard ratio, OSA = obstructive sleep apnea, PTSD = posttraumatic
stress disorder.

PTSD lived in more urbanized regions (P <.001). The PTSD
group had more medical comorbidities with hypertension,
cerebrovascular disease, diabetes mellitus, chronic obstructive
pulmonary disease, depression, dyslipidemia, asthma, alcohol/
substance abuse (all P < .001), coronary artery disease (P =
.027), and anxiety disorder (P <.001) than those in the control
group. In the PTSD group, 44 (2.06%) individuals developed
OSA compared to 80 (0.37%) in the control group during the
follow-up period (P <.001; Table 1). The cumulative survival
rate of OSA in the PTSD group was significantly lower than that
in the control group (log-rank test, P < .001; Figure 2).

Table 2 shows the Cox regression analysis of factors as-
sociated with the risk of developing OSA. After adjusting for
age, sex, geographical area of residence, urbanization level of
residence, monthly income, OSA-related medical comorbid-
ities and antidepressants, the adjusted HR (aHR) was 4.672
(95% CI 2.246-9.787, P < .001). In stratified analyses, the
aHR became nonsignificant in patients with diabetes mellitus
and dyslipidemia.

Table 3 shows that PTSD was still associated with increased
risk of OSA even after we excluded individuals with a diagnosis
of OSA within the first year (aHR 3.825, 95% CI 1.763-8.167,
P <.001) and the first 3 years (aHR 3.011,95% CI 1.125-7.672,
P =.009).

Table 4 shows that the most commonly prescribed antide-
pressant in PTSD in Taiwan was fluvoxamine, followed by
citalopram, mirtazapine, and clomipramine in this order. In
addition, it shows that all antidepressants were not associated
with an increased risk of OSA development after Bonferroni
correction for multiple comparisons (aHR 0.988, 95% CI
0.464-1.231, P = .201).

DISCUSSION

In our study, we found that Taiwanese patients with PTSD had
an almost 5-fold increased risk of developing OSA compared to
the control group. The Kaplan-Meier analysis revealed that
patients with PTSD had a significantly lower 16-year OSA-free
survival rate than did the control group. Even when the indi-
viduals with a diagnosis of OSA within the first year and the
first 3 years were excluded, PTSD was still associated with
increased risk of developing OSA. Several previous local co-
hort studies have revealed that PTSD increased the risk of
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OSA.*!°> However, this is the first nationwide matched cohort
study to examine the association between PTSD and the risk
of OSA. It is worth noting that the overall treatment effect of
antidepressants was not associated with an increased risk of
OSA development in the present study.

The prevalence rates of the national sample of PTSD and
OSA were 19.30 and 330.19 per 100,000 persons in 2005,
respectively (Table S1 in the supplemental material). The
estimate of the prevalence rates of PTSD and OSA in our
study were lower than the prevalence reported by previous
studies.*” ™ There are several possible explanations for the
lower prevalence rates of PTSD and OSA in our study. First,
previous studies have reported a low rate of help-seeking be-
haviors for mental health services in Taiwanese people due to
stigmatization,”® which may lead to underestimation of PTSD
prevalence. Second, we only extracted cases of OSA from the
probably underestimated pool of patients with PTSD, which
may have resulted in further underestimation of cases of OSA.
Third, we only included patients with incident PTSD and ex-
cluded those who already had a history OSA before the study
baseline. Therefore, the risk of OSA in patients with PTSD may
have been underestimated in the current study.

Although the mechanism underlying the associations be-
tween PTSD and OSA has not been fully elucidated. Emerging
evidence suggests that both PTSD and OSA share patho-
physiological features, including biological effects on rapid
eye movement sleep disturbance,’' derangement within the
neuroendocrine and neuroanatomical pathways,”> and psy-
chological causes such as sleep-related comorbid anxiety or
depression.’*>* In addition, patients with PTSD have more
physical comorbidities such as hypertension, diabetes, and
dyslipidemia than has the general population,®® which are all
risk factors for OSA.>**7 Associations between PTSD and OSA
are probably due to the physical comorbidities of patients with
PTSD. Furthermore, prior studies have shown that women with
PTSD with a history of sexual abuse or rape in childhood may
display high levels of eating disorder behavior, resulting in
weight gain,”®* which in turn may lead to obesity and hence
increased risk of developing OSA. In addition, it is noteworthy
that obesity may be a mediating variable in the causal re-
lationship between PTSD and OSA. However, due to the
limitations of the statistical methods (ie, Cox proportional
hazard model®’) we used in the present study and because
variables such as BMI and body weight were not included in the
health claims database, we could not precisely evaluate the
mediating effects of obesity on the causal pathway between
PTSD and OSA by adopting structure equation modeling®' or
causal mediation analysis.®* Future studies with more variables
are warranted to investigate this causality.

Our study found that treatment with antidepressants did
not have significant negative effects on the development of
OSA in patients with PTSD, although there is some evidence
that specific antidepressants are associated with a greater risk
of weight gain,®® which is a risk factor for OSA development.
The impact of antidepressant use on the risk of developing
OSA has not been previously studied even though antide-
pressants are used as the first line treatment for PTSD. Further
clinical studies are warranted to confirm our findings.
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Table 4—Percentages of use of medications, treatment duration, and increased or decreased OSA risk for each antidepressant,
and adjusted HR of antidepressants among the PTSD cohort (n = 2,136).

Antidepressants With vs Without Antidepressants (Reference)
Type n % MD:;ztlon (dagls)) n% Increase or Decrease of Risk / Day Adjusted HR (95% CI) P

Overall 428 95.38 134.52 -0.013 0.988 (0.464-1.231) .201
Fluoxetine 104 0.24 113.51 135.03 -0.140 0.841 (0.552-1.029) 176
1-29 days 45 0.11 28.45 3745 0.225 1.065 (0.679-1.568) .309

> 30 days 59 0.14 178.38 209.45 -0.138 0.753 (0.438-1.008) .056
Paroxetine 136 0.32 105.91 136.44 -0.089 0.906 (0.568-1.501) .267
1-29 days 59 0.14 29.78 38.95 -0.027 0.994 (0.805-1.772) 204

> 30 days 7 0.18 164.25 211.14 -0.121 0.801 (0.412-1.244) 373
Sertraline 215 0.50 113.81 125.98 0.046 1.052 (0.773-1.889) .786
1-29 days 101 0.24 27.86 3345 0.083 1.023 (0.708-1.701) 836

> 30 days 114 0.27 189.96 207.95 0.041 1.077 (0.806-1.989) 713
Fluvoxamine 241 0.56 86.86 130.95 -0.117 0.898 (0.459-1.126) 133
1-29 days 104 0.24 28.45 34.12 0.148 1.042 (0.685-1.643) .266

> 30 days 137 0.32 131.20 204.45 -0.143 0.812 (0.364-1.005) .052
Citalopram 233 0.54 99.94 143.29 -0.261 0.739 (0.561-1.094) .068
1-29 days 89 0.21 27.65 29.87 -0.495 0.863 (0.667-1.174) 144

= 30 days 144 0.34 144.62 213.39 -0.344 0.503 (0.301-0.910) .028
Escitalopram 211 0.49 104.40 145.62 -0.131 0.863 (0.508-1.248) .324
1-29 days 79 0.18 26.98 39.96 -0.033 0.991 (0.683-1.721) 493

> 30 days 132 0.31 150.73 208.86 -0.165 0.751 (0.442-0.891) 012
Venlafaxine 191 0.45 81.51 120.88 0.076 1.062 (0.883-1.989) 254
1-29 days 88 0.21 25.97 28.45 -0.474 0.877 (0.456-1.324) .186

> 30 days 103 0.24 128.96 199.85 0.080 1.103 (0.905-2.013) .288
Duloxetine 191 0.45 73.16 139.65 -0.025 0.982 (0.305-2.010) 484
1-29 days 92 0.21 24.42 29.01 0.008 1.002 (0.678-2.114) .796

> 30 days 99 0.23 118.45 242.46 -0.062 0.926 (0.519-1.453) 463
Imipramine 193 0.45 86.65 119.39 -0.156 0.865 (0.227-1.046) 211
1-29 days 84 0.20 28.80 30.42 -0.125 0.964 (0.410-1.840) .108

> 30 days 109 0.25 131.24 187.96 -0.144 0.811 (0.343-0.926) .009
Amitriptyline 167 0.39 86.21 121.03 -0.117 0.899 (0.441-1.883) .263
1-29 days 76 0.18 22.11 25.94 0.538 1.119 (0.828-1.753) 313

> 30 days 91 0.21 139.75 200.44 -0.258 0.639 (0.296-0.877) .005
Clomipramine 225 0.53 77.22 146.32 -0.157 0.879 (0.454-1.073) 222
1-29 days 108 0.25 27.65 31.65 -0.116 0.968 (0.593-1.382) 312

> 30 days 17 0.27 122.98 252.16 -0.225 0.723 (0.230-0.989) 018
Mirtazapine 226 0.53 110.33 148.08 -0.081 0.911 (0.453-1.769) .563
1-29 days 99 0.23 2542 32.45 -0.389 0.901 (0.331-1.983) 659

> 30 days 127 0.30 176.52 238.21 -0.042 0.925 (0.562-1.623) 482
Bupropion 176 0.41 100.39 136.17 -0.156 0.843 (0.603-1.089) .268
1-29 days 80 0.19 28.11 33.04 -0.103 0.971 (0.777-1.156) 334

> 30 days 96 0.22 160.62 222.11 -0.135 0.783 (0.515-0.924) .021

Adjusted for variables listed in Table 1. Cl = confidence interval, HR = hazard ratio, OSA = obstructive sleep apnea, PTSD = posttraumatic stress disorder, SD =
standard deviation.
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The major strength of our study is its population-based de-
sign. However, a major limitation stems from the lack of certain
data excluded from the LHID. First, due to the limitations of the
LHID claims database, we were unable to obtain the detailed
characteristics of PTSD, such as type of trauma, duration of
trauma, or severity of symptoms, OSA, and obesity. In par-
ticular, information on the severity of obesity, such as BMI and
related laboratory data, could not be obtained. Therefore, we
could not precisely investigate the association between PTSD
severity and the risk of developing OSA. Further clinical studies
would be required to elucidate this association. Second, other
residual confounding factors such as genetics, smoking, dietary
habits, and other lifestyle factors were also not included in the
LHID. Third, the DDD did not represent the actual use of an-
tidepressants, and changes in the exposure to antidepressants is
a complex issue in the LHID. Therefore, we could not precisely
estimate the effect of antidepressants on OSA, and future studies
are warranted to confirm our findings. Fourth, the incidence of
PTSD and OSA may have been underestimated because only
individuals who sought medical help were enrolled. Even
though there were no significant differences between the
frequency of health care utilization and PSG examinations
between the two groups, the possibility of ascertainment
bias remains. Fifth, due to the limitations of health insurance
claims database and the statistical analysis we adopted in
the present study, we could not investigate the possibility of a
causal relationship among PTSD, obesity, and OSA. Finally,
as previously mentioned, due to the structural airway differ-
ences facilitating the development of OSA between Asian and
Western individuals,? > the generalizability of our findings
may be limited.

CONCLUSIONS

Patients with PTSD may have a 4.67-fold increased risk of
developing OSA. The usage of antidepressants in the treatment
of PTSD was not associated with an increased risk of developing
OSA. These findings might be of use to the clinicians caring for
patients with PTSD. Further research is necessary to explore the
underlying mechanisms of this association.
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