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High Dosage of Hypnotics Predicts Subsequent Sleep-Related Breathing
Disorders and Is Associated with Worse Outcomes for Depression
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Objectives: The rates of sleep related breathing disorders (SRBD) and treatment outcomes of depression were compared among insomnia
patients who had stratified levels of hypnotic use during a 10-year follow-up (2001-2010).

Design: A nationwide population-based cohort study.
Setting: A nationally representative cohort of 1,000,000 enrollees.

Participants: Data were collected from patients with major depressive disorder (MDD) and comorbid insomnia during January 2001 to December
2003 (study cohort N = 3,235). The mean dosage of hypnotics at baseline in the study cohort was calculated, and this information was used to
categorize the cohort into three equal-sized groups based on levels of hypnotic dosage.

Main outcome measures: Patient response to antidepressants during a period that extended from 1 year before to 1 year after the study (short-
term outcome) and patient psychiatric and non-psychiatric visits and hospitalizations during follow-up (long-term outcome) were analyzed.
Results: High-dosage patients presented the highest rates of subsequent SRBD diagnosis (3.9%), compared to medium-dosage patients (2.2%)
and low-dosage patients (2.0%) (P = 0.011). Significantly more patients in the high-dosage group were difficult to treat with antidepressants
compared to the other 2 groups (8.7% vs. 4.1% vs. 3.0%, P < 0.001), and their long-term depression outcome was worse for most parameters.
Logistic regression showed that high-dosage hypnotics predicted the development of SRBD later (OR 1.678 [Cl, 1.051 to 2.680], P = 0.030).
Conclusions: There is a reliable association between a history of high dosages of hypnotics, subsequent diagnosis of sleep related breathing

disorder, and worse depression outcomes.
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INTRODUCTION

Sleep related breathing disorders (SRBD), such as obstruc-
tive sleep apnea, are commonly found in patients who have
chronic insomnia with or without psychiatric history. A retro-
spective chart review examined a consecutive series of chronic
insomnia patients who regularly used hypnotics (N = 218)
and found that groups with and without psychiatric comor-
bidity exhibited high rates of obstructive sleep apnea (79%
vs. 74%, respectively).! However, the subjective perception
of insomnia severity was worse in the group that had psychi-
atric comorbidity. In a study that had a special focus on patients
with depression, the frequency of sleep apnea was up to 39%
in patients with comorbid depression and insomnia (N = 51)
and could be higher than was previously found among people
with either depression or insomnia alone.? Sedatives/hypnotics
are reportedly used with increased frequency in obese patients
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with insomnia, and this association may reflect the presence of
underlying SRBD.? However, whether the increased hypnotic
use in depression is related to SRBD remains unclear. Given
the substantial overlap in symptoms between depression and
SRBD, early identification and adequate treatment of SRBD in
the context of chronic insomnia in depression can be even more
challenging for clinical practice.

A higher severity of SRBD could be associated with a
higher severity of depression and increased hypnotic use. One
study examined the depression severity prior to the initiation
of continuous positive airway pressure (CPAP) treatment in
patients with obstructive sleep apnea (N = 93).° They reported
that baseline apnea/apnea severity was significantly related to
depressive rating scores. Because insomnia is highly prevalent
in depression and polysomnography (PSG) is rarely assessed
on a regular basis in the presence of insomnia,* under-diag-
nosis of SRBD could be common in patients with comorbid
insomnia and depression. The unrecognized SRBD in depres-
sion could result in poor responses to an adequate dosage of
hypnotics and could be associated with treatment-refractory
depression. Evidence suggests that SRBD plays a pivotal role
in treatment-refractory depression. CPAP therapy in obstructive
sleep apnea has resulted in a sustained improvement of depres-
sion symptoms.® A few studies have reported that patients who
had comorbid depression and sleep apnea showed a significant
decrease in depression after the initiation of CPAP.* SRBD-
related hypopnea/apnea is also associated with a poor response
to antidepressant medication in patients who have coronary
heart disease.” Recently a case report demonstrated that a
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Figure 1—Study flow chart.

patient with refractory depression improved substantially after
receiving rapid palatal expansion for upper airway resistance
without prominent snoring.® This young adult with chronic
severe depression showed no response to repeated antide-
pressant trials and even failed to respond to electroconvulsive
therapy before palatal expansion. This case further supports
the possibility that unrecognized SRBD in depression may
play a role in treatment resistance to antidepressant treatments.
However, to our knowledge, there is no large-scale prospective
study investigating the associations between insomnia, SRBD,
and depression outcomes.

Therefore, the present study aimed to follow a cohort of
patients comorbid with insomnia and depression by utilizing
our nationwide, population-based insurance database and
to investigate the incidence of SRBD among patients with
different historical levels of prescribed hypnotics. Our primary
hypothesis was that a higher incidence of SRBD could be
related to increased hypnotic amounts in depressed patients with
insomnia. Second, a higher resistance to hypnotics in depressed
patients, as demonstrated by increased hypnotic needs, could be
associated with antidepressant refractoriness and worse long-
term outcomes.

MATERIALS AND METHODS

Data Sources

We used the 1996-2010 National Health Insurance (NHI)
database, which was published by the National Health Research
Institute (NHRI) of Taiwan. Taiwan began its NHI program in
1995 to finance health care for all of its residents. The coverage
rate was already 99% at the end of 2004. In the present study,
we adopted the sample of 1 million representatives randomly
selected from the 23 million beneficiaries from the National
Health Insurance Research Database (NHIRD) in Taiwan. The
database contains comprehensive information about clinical
visits for each insured subject, including demographic data, dates
of visits, diagnostic codes according to the clinical modification
of the International Classifications of Disease-9 (ICD-9-CM),
and prescription details.” Because the dataset was released for
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research purposes and included only scrambled information
on patient and physician identification, a signature of informed
consent was not necessary and the study was exempt from full-
committee review by the local ethics review committee.

Study Subjects

Identification of the Study Cohort

Our cohort (MDD-study cohort) included all patients in
Taiwan who were diagnosed with MDD (ICD-9-CM code:
296.2 and 296.3) from January 2001 to December 2003
(Figure 1) using criteria identical to that in our previously
published paper.' In short, to ensure the validity of the diagnosis
of MDD, we excluded patients whose diagnosis of MDD was
not made by psychiatrists and included only those having > 2
diagnoses of MDD made by psychiatrists. Only adult patients
(age > 18 years old) were included. To prevent the misdiagnosis
of major depression, we excluded patients who were diagnosed
as having bipolar disorder (ICD-9-CM code: 296.0, 296.1,
296.4, 296.5, 296.6, 296.7, and 296.8) and affective psychosis
(ICD-9-CM code: 296.9) before enrollment.

Because the primary hypothesis of the present study was to
investigate the incidence of SRBD in depressed patients with
insomnia, depressed patients who needed no hypnotic use
during the enrollment period (January 2001 to December 2003)
were deemed as having no or minimal insomnia problems and
were therefore excluded.

Stratification According to Patterns of Mean Daily Dosage of
Hypnotics

For each subject, mean defined daily dose (DDD) of
hypnotics prescribed 1 year after enrollment was calculated.
The DDD is defined by the World Health Organization (WHO)
and is a unit for measuring a prescribed amount of a drug, and
it is a method of standardizing drug dose across multiple drug
types so that they can be compared. Then, all patients were
categorized into 3 separate groups (i.e., high, medium, and low
hypnotic dosage) according to their ranking of the prescribed
hypnotic dosage in the whole study cohort. The high-dosage
group included patients who ranked in the first one-third of the
whole study population, the medium-dosage group was those in
the second one-third, and the low-dosage group was those who
ranked in the last one-third (Figure 1).

Identification of SRBD

The identification criteria for SRBD had been validated
and were based on the ICD-9-CM codes 780.51, 780.53, and
780.57.1-12 SRBD patients were further divided into 2 groups,
early-diagnosed SRBD and late-diagnosed SRBD (Figure 1).
The definition of early-diagnosed SRBD was new diagnosis of
SRBD in the period before the enrollment, while the definition
of late-diagnosed SRBD was new diagnosis of SRBD during
follow-up.

Since the details about PSG results such as apnea-hypopnea
index (AHI) cannot be retrieved in this nationwide insurance
database, we used the rate of CPAP treatment, surgical inter-
ventions, and clinical observation or life style changes (i.e., no
specific treatment) as an indirect measure of SRBD severity.
Because most Taiwanese people tend to be conservative about
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treatment and are reluctant to receive interventions until illness
severity is high, CPAP treatment is mostly prescribed to patients
with moderate-to-severe obstructive sleep apnea syndrome
(AHI > 15). In addition, if patients cannot tolerate CPAP, or
clinical symptoms are severe or intolerable (e.g., waking up
breath holding, gasping, choking), surgical interventions (e.g.,
uvulopalatopharyngoplasty, pharyngoplasty, and tonsillectomy
and/or adenoidectomy) would be considered.

Depression Outcome Measurements

The short-term and long-term outcomes of depression were
investigated. Regarding the short-term outcome, antidepressant
responses were inspected. We used the stratification method
used in the previous study.'®"® To summarize here, we defined
patients as difficult to treat (DTT), intermediately difficult to
treat (ITT), and easy to treat (ETT), according to the character-
istics of their antidepressant use during a period that extended
from 1 year before to 1 year after the study year. The adopted
criteria for classifying patients into different groups of treatment
outcome are widely accepted and have been validated.!®!® That
is, although varying degrees of treatment refractoriness exist,'
MDD is usually considered as treatment-resistant depression
(TRD) when > 2 adequate trials with different antidepressants
fail to achieve a significant clinical improvement.'® Therefore, in
the present study, patients were defined as DTT if > 2 antidepres-
sant trials at an adequate dosage (for example, fluoxetine > 20
mg/day) and duration (> 60 consecutive days) were prescribed
during the 2-year period. In contrast, ETT patients were those
who did not take any antidepressants or remained on a single anti-
depressant. Patients who changed their antidepressants only once
were defined as ITT. By utilizing such a stratification method,
DTT patients at baseline enrollment were found to be associated
with a higher risk of having more psychiatric hospitalizations and
more suicide attempts during follow-up, which was a maximum
of 9 years.” Our results were consistent with previous findings
that TRD leads to worsened outcomes including more hospital-
izations and even enhanced mortality rates.'*!¢!7

In addition to the levels of antidepressant refractoriness, we
measured severity of depression by investigating a combination
use of antipsychotics (i.e., augmentation therapy by antipsy-
chotics) and the rate of psychiatric admission for depression at
baseline. Since patients with higher severity of depression would
need medication augmentation (e.g., atypical antipsychotics) in
combination with their antidepressants, we calculated the mean
DDD of antipsychotics for each subject. Low-dose quetiapine
(25-150 mg/day) may be prescribed for the treatment of
insomnia, instead of depression. Therefore, patients prescribed
with a quetiapine equivalent dose of 200 mg/day (i.e., 1/2 DDD
of quetiapine) were identified in each hypnotic group.

With regard to the long-term outcomes of depression,
we adopted the criteria that we used previously,” and in the
present study, we focused on emergency room (ER) visits,
psychiatric hospitalizations, non-psychiatric hospitalizations,
and suicide attempts during follow-up (from the enrollment to
December 2010).

Statistical Analysis
SAS statistical package (SAS System for Windows, version
9.2; SAS Institute, Cary, NC, USA) and SPSS statistics (SPSS
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for Windows, version 17.0, SPSS Inc., Chicago, IL, USA)
were used to perform the statistical analysis of the data in the
present study. One-way ANOVA (or Student 7 test) and y* tests
were applied to compare the continuous and categorical vari-
ables among groups, respectively. The significance was set
at a P-value less than 0.05. Post hoc analysis was performed
by LSD. Kaplan-Meier survival analysis was used to esti-
mate SRBD-free survival curves among 3 different hypnotic
groups because the Kaplan-Meier analysis allows estimation
of survival over time even when subjects were followed for
different lengths of time were dropped during follow-up. A log-
rank test was used to compute a test of equality of the survival
functions among groups, based on a x* distribution. The >
value was reported and the lower the corresponding P-value,
the more significant the differences among the groups. Multi-
variate logistic regression was carried out using variables that
differed significantly between groups with and without SRBD
(e.g., age, hyperlipidemia, diabetes mellitus, psychiatric comor-
bidities, and groups with different levels of hypnotic use) as
independent factors and the occurrence of SRBD as the depen-
dent factor. Psychiatric comorbidities included dysthymia,
anxiety disorders, and substance abuse and dependence based
on the corresponding ICD-9-CM codes."* The adjusted odds
ratio (OR) of the SRBD risks and their 95% confidence inter-
vals (CI) were reported. P < 0.05 (two-sided tests) was deemed
to be statistically significant.

RESULTS

The study cohort included 3,235 depression patients with
concurrent insomnia; these patients were identified from
the 1,000,000 sampling cohort dataset at baseline (between
January 2001 and December 2003). Three separate groups (low,
medium, and high hypnotic dosage), according to their average
hypnotic dosage, were compared. The demographic data and
clinical variables are listed in Table 1. There was no difference
in the age, age at onset of depression, age at first-time hypnotic
use, urbanization of the living areas, and the medical comor-
bidities of hyperlipidemia, diabetes mellitus, and sleep apnea
at baseline (Table 1). However, a high dosage of hypnotic use
was associated with male gender (P = 0.021), lower personal
income (P < 0.001), and the medical comorbidity of hyperten-
sion (P = 0.020), as well as higher severity of depression as
demonstrated by higher rates of antipsychotic augmentation
therapy, higher rates of psychiatric admission for depression,
and higher levels of antidepressant refractoriness (P < 0.001) at
baseline (Table 1).

A total of 108 patients (3.3%) with newly diagnosed SRBD
were identified, of whom 87 patients (2.7%) developed a diag-
nosis of SRBD during follow-up. As for long-term outcome
measurements, a high dosage of hypnotic use was significantly
associated with a higher risk for developing SRBD during the
follow-up period (Table 1). Kaplan-Meier survival analysis also
demonstrated that patients with a high dosage of hypnotic at
baseline had a significantly higher chance for a diagnosis of
SRBD during the follow-up than the other 2 groups (3> = 8.918,
P =0.012, post hoc analysis: high > medium and high > low)
(Figure 2, Table S1, supplemental material).

As for SRBD severity, we found that no significant differ-
ence existed in the rate of CPAP use, surgical interventions, and
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Low dosage
Demographic and clinical variables (n=1,100)
Baseline information
Age (years), mean (SD) 43.47 (15.85)
Male, N (%) 355 (32.3)
Age of first onset of MDD (years), mean (SD) 43.19 (15.79)
Age of first hypnotic use (years), mean (SD) 42.04 (15.36)
Income, N (%)

0-15,000 447 (40.6)

15,000-30,000 411 (37.4)

> 30,000 242 (22.0)
Urbanization, N (%)

1 (Highest) 332 (30.2)

2 424 (38.5)

3 136 (12.4)

4 116 (10.5)

5 (Lowest) 92 (8.4)
Medical comorbidities

Hyperlipidemia, N (%) 117 (10.6)

Diabetes mellitus, N (%) 83(7.5)

Hypertension, N (%) 206 (18.7)
Augmentation therapy by antipsychotics, N (%) 4(0.4)
Psychiatric admission for depression, N (%) 73 (6.6)
Antidepressant refractoriness, N (%)

Easy-To-Treat (ETT) 903 (82.1)

Intermediate-To-Treat (ITT) 164 (14.9)

Difficult-To-Treat (DTT) 33 (3.0
Sleep-related breathing disorders, N (%) 7(0.6)

Outcome measurements (Baseline— Year-2010)

Sleep-related breathing disorders, N (%) 22 (2.0
CPAP / Surgery / No specific tx, N/N/N 2/0/20
ER visits, N (%) 637 (57.9)
ER visits, mean (SD) times 4.26 (9.3)
Non-psychiatric hospitalizations, N (%) 389 (35.4)
Non-psychiatric hospitalizations, mean (SD) times 2.79(3.4)

For medical causes, N (%) 2,69 (2.5)

For medical causes, mean (SD) times 2.78 (3.4)

For surgical causes, N (%) 205 (18.6)

For surgical causes, mean (SD) times 1.66 (1.83)
Psychiatric hospitalizations, N (%) 121 (11.0)
Psychiatric hospitalizations, mean (SD) times 2. 30 (2.0)
Suicide attempts, N (%) 18 (1.6)

Bold indicates P < 0.05.

Table 1—Baseline demographic and clinical variables among different levels of hypnotic prescriptions in MDD patients with insomnia

Medium dosage High dosage
(n=1,014) (n=1,121) P-value  Post hoc
43.65 (15.43) 44.80 (15.20) 0.193
347 (34.2) 424 (37.8) 0.021
43.35 (15.37) 44.40 (15.12) 0.138
42.07 (14.95) 42.61 (14.64) 0.606
<0.001
438 (43.2) 576 (51.4)
357 (35.2) 364 (32.5)
219 (21.6) 181 (16.1)
0.458
335 (33.0) 364 (32.5)
355 (35.0) 382 (34.1)
120 (11.8) 154 (13.7)
120 (11.8) 132 (11.8)
84 (8.3) 89(7.9)
126 (12.4) 124 (11.1) 0.403
87 (8.6) 104 (9.3) 0.338
219 (21.6) 264 (23.6) 0.020
3(0.3) 15(1.3) 0.004
85 (8.4) 204 (18.2) <0.001
<0.001
807 (79.6) 752 (67.1)
165 (16.3) 272 (24.3)
42 (4.1) 97 (8.7)
5(0.5) 9(0.8) 0.672
22(2.2) 43 (3.9) 0.011
411717 2/5/36 0.183
631(62.2) 744 (66.4) <0.001
4.40(5.8) 6.56 (11.3) <0.001 L=Mc<High
411 (40.5) 560 (49.9) <0.001
3.00 (4.1) 3.56 (4.8) 0.015 L=M<High
304 (30.0) 419 (37.4) <0.001
3.00 (4.1) 3.55 (4.6) 0.042  Low<High
200 (19.7) 294 (26.2) <0.001
1.61(1.97) 1.73 (1.7) 0.746
128 (12.6) 308 (27.5) <0.001
3. 41 (4.30) 4. 47 (6.3) <0.001 Low < High
22(2.2) 52 (4.6) <0.001

no specific treatment among the 3 groups (Table 1). Most of
the patients with SRBD received no specific treatment, ranging
from 77.3% (medium-dosage group), 83.7% (high-dosage
group), to 90.9% (low-dosage group); no significant between-
group difference existed. The findings suggested that the SRBD
patients were mostly mild in severity. The use of high hypnotic
dosages was also associated with more ER visits, more psychi-
atric and non-psychiatric hospitalizations, and more suicide
attempts (Table 1), supporting the idea that a higher dosage of
hypnotics is a predictor for depression treatment outcome.

SLEEP, Vol. 37, No. 4, 2014 806

Patients with SRBD had a significantly higher mean DDD
of hypnotics than patients without SRBD (1.46 + 1.04 vs.
1.24 + 0.98, P = 0.028), suggesting that the comorbidity of
SRBD and depression complicates the sleep problems asso-
ciated with depression. The finding of a higher hypnotic
dosage in MDD patients with SRBD than those without SRBD
remained unchanged, if SRBD patients were further catego-
rized into an early-diagnosed SRBD group (i.e., a diagnosis
of SRBD at baseline) and a late-diagnosed SRBD group (i.c.,
a development of a SRBD diagnosis during follow-up). It
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Kaplan-Meier survival estimates

Low hypnotic dosage

Medium hypnotic dosage

—— High hypnotic dosage

Survival probability of SRBD-free
0.95 096 097 098 0.99 1.00

T T T T T T

0 2 4 6 8 10
Follow-up periods (years)

Figure 2—High dosage of hypnotic use predicts the diagnosis of SRBD
during the follow-up.

was because both early-diagnosed and late-diagnosed SRBD
groups with MDD (1.49 + 1.10 vs.1.45 + 1.02, P = 0.889) had
higher mean DDD of hypnotics than the non-SRBD group
with MDD (P = 0.023, post hoc analysis: early-diagnosed
SRBD > non-SRBD, late-diagnosed SRBD > non-SRBD)
(Figure S1, supplemental material).

The early-diagnosed SRBD group was associated with
fewer psychiatric hospitalizations than the non-SRBD group
during follow-up (Figure 3). The late-diagnosed SRBD group
was significantly associated with worse medical outcomes
during follow-up, including more ER visits and more non-
psychiatric hospitalizations (Figure 3). Although fewer
patients in the early-diagnosed SRBD group presented with
antidepressant refractoriness, there was no significant differ-
ence between groups.

The between-group comparison of SRBD and non-SRBD
groups revealed that patients with SRBD were significantly
older (P < 0.001), had a higher percentage of hyperlipidemia
(P <0.001) and diabetes mellitus (P = 0.001), and had a higher
mean DDD of hypnotics (P = 0.028) at baseline (Table S2,
supplemental material). The baseline severity of depression
was not associated with the occurrence of SRBD later, since
only one subject who needed antipsychotic augmentation
therapy at baseline developed a diagnosis of SRBD during the
follow-up; and patients who subsequently developed SRBD
had no higher rates of psychiatric admission for depression at
baseline (Table S2, supplemental material).

Patients with SRBD were associated with worsened medical
outcomes during the follow-up such as higher rates of ER visits
(P = 0.020), and higher rates of non-psychiatric hospitaliza-
tions (P =0.038) for both medical and surgical causes. Patients
with SRBD were also associated with more psychiatric comor-
bidities at baseline in a trend significance (P = 0.051). Logistic
regression showed that age (O.R = 1.019), hyperlipidemia
(O.R =2.064), and high hypnotic dosage (O.R = 1.678) were
the most important predictors of SRBD (Table 2). These find-
ings support the idea that hypnotic use in unipolar depression
is a useful predictor for the later diagnosis of SRBD.

DISCUSSION

To our knowledge, this is the first large-scale study to
investigate the association between hypnotic use history in
depressed patients and subsequent SRBD using a nationwide
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Figure 3—Early identification of SRBD (i.e., early-diagnosed SRBD) in
unipolar depression was associated with better long-term outcomes of
depression (*P < 0.05) than late-diagnosed SRBD patients.

Table 2—Logistic regression of SRBD

OR 95% ClI P-value

Age 1.019 (1.005, 1.032) 0.006
Gender (Male) 1.382 (0.932, 2.051) 0.108
Hyperlipidemia 2.064 (1.253, 3.398) 0.004
Diabetes mellitus 1.317 (0.742, 2.337) 0.347
Psychiatric comorbidities 1.275 (0.834, 1.949) 0.261
Hypnotic groups

Low (reference)

Medium 0.967 (0.556, 1.650) 0.901
High 1.678 (1.051, 2.680) 0.030

Bold indicates P < 0.05.

database. As hypothesized, a higher incidence of SRBD
was related to a higher dosage of hypnotics at baseline in
depressed patients with insomnia (Figure 2). The adjusted OR
for the high hypnotic group to develop an SRBD diagnosis
was 1.678 (95% CI = 1.051 to 2.680, P = 0.030; Table 2).
Second, increased hypnotic needs were associated with higher
antidepressant refractoriness and worse long-term outcomes,
such as more ER visits, more psychiatric and non-psychiatric
hospitalizations, and more suicide attempts (Table 1). Because
more than 30% of depression is refractory to sequential anti-
depressant treatments'® and insomnia is extremely common in
patients with depression,'® our results imply that early identi-
fication of the use of high dosages of hypnotics in depressed
patients is important because high use of hypnotics is a useful
predictor for worse depression outcomes.

To summarize here, the present study showed that the
increased hypnotic use in the MDD patients can carry two
clinical implications: (1) a comorbidity of SRBD that might be
unrecognized and (2) a reflection of severe insomnia in associa-
tion with antidepressant-resistant depression. We discuss them
in the following paragraphs.
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High Hypnotic Dosage and SRBD

Our first major finding, that there is an association between
high hypnotic dosage and the later diagnosis of SRBD, could
have two potential causes. First, such an association could
reflect the presence of an underlying but unrecognized SRBD
in insomnia patients with more severe sleep problems. Patients
with an unrecognized SRBD for a long period of time may result
in persistent insomnia that responds poorly to hypnotics and, in
turn, end up with a large amount of hypnotics. In fact, un-recog-
nition and under-diagnosis of SRBD in patients with insomnia
are not uncommon in clinical settings. Second, a higher dosage
of hypnotics could result in the occurrence or exacerbation of an
occult SRBD. In some cases, treatment with a benzodiazepine and
hypnotic for comorbid insomnia and depression could adversely
affect breathing during sleep, potentially by decreasing muscle
tone in upper airway muscles, decreasing the ventilator response
to hypoxia, and increasing the arousal threshold for the apneas.?*?!

However, we favor the first possibility primarily because
of the following observations. The severity of SRBD in the
MDD patients was primarily mild, as most of the patients
did not require specific treatment such as CPAP and surgical
intervention (Table 1). A depressed patient with an underlying
SRBD that is unrecognized may complain of insomnia as their
major problem, leave emotional symptoms less concerned, and
result in a delay in the diagnosis and treatment of MDD. This
notion could be corroborated by our findings that the duration,
in years, from initial use of a hypnotic to the first depression
diagnosis was significantly longer in the high hypnotic dosage
group (high vs. medium vs. low = 1.79 + 1.98 vs. 1.28 + 1.83
vs. 1.15 £ 1.72, P < 0.001). These findings suggest that SRBD
in depression is easy to be under-diagnosed and the duration
of influence of such a “hidden SRBD” on depression could be
long. However, future research is still warranted to directly
investigate the rate of “unrecognized” SRBD in depression.

Our data further revealed that in depressed patients with chronic
insomnia, a reevaluation of the comorbidity of SRBD is impor-
tant because it complicated the insomnia problem in depression;
thus, an increased dosage of hypnotics was needed. This notion is
supported by a retrospective chart review conducted by Krakow
et al.,” in which the investigators reported a high comorbidity rate
of obstructive sleep apnea (71%) in chronic insomnia patients
who experienced unsuccessful pharmacotherapy.? Despite our
finding that there was an increased amount of hypnotic use in both
groups of patients with SRBD (Figure S1, supplemental mate-
rial), the early detection of SRBD in unipolar depression is still
important because late detection of SRBD worsened the medical
outcomes. The evidence supporting this importance was that the
delayed diagnosis of SRBD in depression increased non-psychi-
atric hospitalizations compared to those without SRBD, while the
early identification of SRBD was associated with fewer psychi-
atric hospitalizations later (Figure 3). A large body of evidence has
shown that subjects with SRBD have increased cardiovascular
risk, such as hypertension, arrhythmias, and even heart failure,
potentially through mechanisms such as sympathetic hyperactiva-
tion, oxidative stress, and systemic inflammation.?*?’

High Hypnotic Dosage and Antidepressant-Resistant Depression
The second major finding of the present study was the higher
severity of insomnia problems, as demonstrated by increased
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hypnotic use, was associated with antidepressant refractori-
ness and worse depression outcomes in patients with depres-
sion. Bi-directional relationships exist between sleep problems
and depression.” Chronic insomnia could lead to depression,
and insomnia could occur in the context of depression. Despite
inconsistency, some believe that sleep disturbance is a core
pathophysiology of depression. The supporting evidence for
this idea includes the alteration of sleep architecture in depres-
sion, such as decreased deep sleep, decreased REM sleep
latency, increase in the proportion of REM sleep in the early
part of the night,” and the rapidly effective response to anti-
depressants after sleep deprivation in even depressed patients
who do not have prominent insomnia.”® Recent evidence from
the STAR*D trial provided further support for the importance
of insomnia symptoms in major depression, as the investigators
found that insomnia symptoms were associated with several
indicators of severe depression.’* Severe and non-remitting
depression had more biological deficits than remitting depres-
sion.’! The present study provided further support that the use
of high dosages of hypnotics is an independent predictor for
worse depression outcomes.

In addition, we found no direct association between a diag-
nosis of SRBD and poor response to antidepressants (DTT
patients; SRBD vs. non-SRBD = 3.7% vs. 5.4%), while an
association was found between high hypnotic dosage and
SRBD and between high hypnotic dosage and antidepressant
refractoriness.

The strengths of the current study are the use of a large
sample size from a nationwide database and a long (to a
maximum of 10 years) naturalistic follow-up period. Therefore,
because we used an anonymous database, the issue of unrec-
ognized or hidden SRBD and related medical and physical
outcomes could be disclosed without any bias from the experi-
menters. There is one limitation to the use of a registry-based
database for this study. That is, we cannot ensure the adher-
ence to CPAP in the treatment of SRBD. However, most of the
patients in our study were not prescribed CPAP. Furthermore,
even if adherence to CPAP was as poor as expected,* our main
results would not change, as CPAP was used as an index for the
estimation of SRBD severity. There is a general agreement that
prescription of CPAP is indicated for patients with moderate-to-
severe objective obstructive sleep apnea (e.g., apnea hypopnea
index > 15 per hour).

CONCLUSION

Strong associations between high hypnotic dosage and the
subsequent diagnosis of SRBD and between high hypnotic
dosage and worsened short-term and long-term outcomes of
depression were found in this study using a nationwide data-
base in Taiwan. The association between hypnotics and SRBD
may reflect, at least in part, the issue of under-diagnosis or
hidden SRBD in depressed patients with comorbid insomnia
who require a high dosage of hypnotics. Our findings show that
a history of poor response to hypnotics in depression could be a
useful predictor of underlying SRBD.
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207 * *
—_ I
oo
82 | T |
g a
[= x4
>0 101
= 0o
T S
=
-]
o 2

> 051

£
a °

0.0 .

Early-diagnosed No SRBD Late-diagnosed
SRBD SRBD

SRDB Comorbidity in Depression
with Insomnia

Figure S1—Defined daily dose (DDD) of hypnotics at baseline among
patients without SRBD (no SRBD), with early-diagnosed SRBD
(diagnosis of SRBD before enroliment), and with late-diagnosed SRBD
(development of SRBD diagnosis during follow-up). Both groups with
SRBD had a significantly higher DDD of hypnotics than those without
SRBD (*P < 0.05).

Table S1—Use of high dosages of hypnotics in MDD predicts the diagnosis of sleep
related breathing disorders (SRBD) during follow-up
N  Event(%) x%Pvalue® Posthoc of event rate
Low DDD 1,093 22(20) 8.918,0.012 Low = Medium < High
MediumDDD 1,009 22 (2.2)
High DDD 1,112 43(3.9)

3og-rank test.
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Table S2—Baseline characteristics and long-term outcome measurements between MDD with and without SRBD
Demographic and clinical variables SRBD (n =108) Non-SRBD (n=3,127)  P-value
Baseline characteristics

Age (years) 50. 51 (14.96) 43.76 (15.47) <0.001
Female, N (%) 63 (58.3) 2,046 (65.4) 0.128
Hypnotics — MDD, mean (SD) years 1 87 (1.93) 1.40 (1.86) 0.009
Hyperlipidemia (%) 28 (25.9) 339 (10.8) <0.001
Diabetes mellitus (%) 19 (17.6) 255 (8.2) 0.001
Hypertension (%) 29 (26.9) 660 (21.1) 0.152
Psychiatric comorbidities® (%) 75 (69.4) 1 880 (60.1) 0.051
Augmentation therapy by antipsychotics, N (%) 1(0.9) 21(0.7) 0.527
Psychiatric admission for depression, N (%) 8(7.4) 357 (11.4) 0.195
Antidepressant refractoriness, N (%) 0.604

ETT 81 (75.0) 2,381 (76.1)

ITT 23(21.4) 578 (18.5)

DTT 4(3.7) 168 (5.4)
Mean DDD of hypnotics/day 1.46 (1.04) 1.24 (0.98) 0.028

Outcome measurements (Baseline— Year-2010)
ER visits, N (%) 79(73.2) 1,933 (61.8) 0.020
ER visits, mean (SD) times 6. 58 (14.8) 5.10(9.0) 0.380
Non-psychiatric hospitalizations, N (%) 56 (51.9) 1,304 (41.7) 0.038
Non-psychiatric hospitalizations, mean (SD) times 4. 16 (5.9) 312 (4.2) 0.200
For medical causes, N (%) 44 (40.7) 948 (30.3) 0.025
For medical causes, mean (SD) times 4, 09 (6.2) 3.13 (4.1) 0.312
For surgical causes, N (%) 35(32.4) 664 (21.2) 0.009
For surgical causes, mean (SD) times 1. 51 (0.8) 1.69 (1.9) 0.278
Psychiatric hospitalizations, N (%) 15(13.9) 542 (17.3) 0.436
Psychiatric hospitalizations, mean (SD) times 3.40(3.1) 3.76 (5.3) 0.666
Suicide attempters, N (%) 1(0.9) 91(2.9) 0.371
3Including dysthymic disorder, anxiety disorders, and substance abuse and dependence. Bold indicates P < 0.05.

SLEEP, Vol. 37, No. 4, 2014 809B Hypnotics, SRBD and Depression Outcomes—Li et al



