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Objectives: To determine the relations between obstructive
sleep apnea (OSA) diagnosis, the likelihood of being diagnosed
with a psychological condition, among obese veterans, after
accounting for severity of obesity and the correlated nature
of patients within facility. We hypothesized that (1) individuals
with a diagnosis of OSA would be more likely to receive a
diagnosis of a (a) mood disorder and (b) anxiety disorder, but
not (c) substance use disorder.

Design: Cross-sectional retrospective database review
of outpatient medical records between October 2009 and
September 2010, conducted across all 140 Veterans Health
Administration (VHA) facilities.

Setting: The entire VA Health Care System.

Patients or Participants: Population-based sample of
veterans with obesity (N = 2,485,658).

Main Outcome Measures: Physician- or psychologist-
determined diagnosis of psychological conditions including
mood, anxiety, and substance use disorders.

Results: Using generalized linear mixed modeling, after
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accounting for the correlated nature of patients within facility
and the severity of obesity, individuals with a diagnosis of
sleep apnea had increased odds of receiving a mood disorder
diagnosis (OR = 1.85; Cl = 1.71-1.72; p < 0.001), anxiety
disorder diagnosis (OR = 1.82; Cl = 1.77-1.84; p < 0.001), but
not a diagnosis of substance use disorder.

Conclusions: Among obese veterans within VA, OSA
is associated with increased risk for having a mood and
anxiety disorder, but not substance use disorder, with the
strongest associations observed for posttraumatic stress
disorder (PTSD) and major depressive disorder (MDD). In
addition, this relation remained after accounting for severity
of BMI.
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bstructive sleep apnea (OSA), defined as impaired patency

of the upper airway during sleep, resulting in apneas
(complete cessation of airflow for at least 10 seconds) and/
or hypopneas (50% reduction in airflow), is one of the most
common forms of sleep disordered breathing (SDB). OSA can
result in hundreds of brief arousals from sleep in a single night
and affects approximately 2% of women and 4% of men nation-
wide,"! with higher rates documented among military veterans
(6.5%).2 Indeed, OSA is one of the most common, yet underdi-
agnosed, causes of sleep disturbances among veterans, showing
no remittance without treatment or lifestyle changes (loss of
weight).® The nearly twofold difference in prevalence of OSA
among veterans, compared to community samples, is thought
to be due, at least in part, to two risk factors which are common
among veterans: male gender and obesity.*

In addition to direct effects (e.g., daytime fatigue, disturbed
sleep, irritability, memory problems, and decreased quality of
life),>® OSA is associated with a number of indirect physical
and psychological complications. Such complications include
hypertension, heart disease and heart failure, stroke, insulin
resistance and impairments in neurocognitive functioning,

BRIEF SUMMARY

Current Knowledge/Study Rationale: Previous work has documented
a relation between sleep apnea and psychopathology, however, limited
work has examined this among veterans, a sample of individuals at el-
evated risk for both sleep apnea and psychopathology. The current study
examines the relations between sleep apnea and the likelihood of being
diagnosed with a psychological condition among veterans throughout
the VA Health Care System.

Study Impact: Results indicate a strong association between mood and
anxiety disorders and sleep apnea among obese veterans. This high-
lights the importance of conducting sleep apnea assessments among
obese veterans with mood and anxiety disorders (especially MDD and
PTSD), as well as conducting anxiety and mood assessments among
obese veterans with sleep apnea; such information could aid in the allo-
cation of resources in order to optimize treatments for psychopathology
and sleep apnea.

workplace and driving accidents, and elevated psychological
symptoms.” ! While the associations between OSA and physi-
ological conditions are well established, research is starting
to expand our knowledge of the relation between OSA and
psychopathology.
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OSA and Mood Disorders

To date the majority of studies investigating the association
between OSA and psychopathology have focused on mood
disorders, specifically major depressive disorder (MDD).
While a few studies have demonstrated a lack of an association
between OSA and MDD, '*"® a majority have pointed, instead,
to a strong relation between OSA and MDD.'*!* For example,
community-based epidemiological work has suggested that
individuals with MDD are at a five-fold greater risk for having
OSA than healthy controls,'® with between 44.6% and 56% of
patients with OSA meeting criteria for MDD.'"!® Providing
further support for the relation between OSA and MDD, inter-
vention studies have demonstrated that treatment of OSA (via
continuous positive airway pressure [CPAP] or surgery) results
in improvements in depressive symptoms.'”

OSA and Anxiety Disorders

Relatively less research has investigated the relation between
OSA and anxiety disorders. The work that has been done in this
area has demonstrated that 16.7% of military veterans with OSA
also had an anxiety disorder.?® Though the comorbidity between
OSA and anxiety is striking, the majority of work conducted
on this association has specifically focused on the relation
between OSA and posttraumatic stress disorder (PTSD), and
to a lesser extent, panic disorder (PD). Indeed, 12.86% of
veterans with OSA have a diagnosis of PTSD?; and OSA has
been associated with nocturnal panic attacks and aggravation
of panic symptoms.?'** Intervention research further supports
this association. Similar to findings with MDD, the treatment
of OSA through the use of CPAP reduces symptoms of PTSD
and panic.”* Unfortunately, over 50% of veterans with PTSD
are non-adherent to CPAP, a significantly lower adherence rate
than veterans without PTSD,* suggesting that PTSD itself may
interfere with successful treatment of OSA.

OSA and Substance Use Disorders

A relative dearth of research has investigated the rela-
tion between OSA and substance use disorders (SUDs), with
generally mixed results among existing empirical investiga-
tions. Cross-sectional work has suggested a relation between
OSA and SUDs, particularly alcohol use disorders.* However,
epidemiological work among military veterans has found
no differences in SUD diagnosis (or alcohol use disorders,
specifically) between those with and without OSA.>® While
this finding may have been influenced by differential rates
of diagnosis across Veterans Affairs (VA) facilities, further
research is clearly needed to better understand the relation
between OSA and SUDs.

Summary

Taken together, previous work has documented a relation
between OSA and psychopathology,” with the strongest asso-
ciations being observed for MDD, '8 anxiety disorders,” and
PTSD, specifically.® To date, there has been only one study
investigating the relation between OSA and psychopathology
within the VA Health Care System, which is surprising given
the heightened prevalence of OSA among veterans.>? This
study was a cross-sectional retrospective review of a central-
ized VA database between the years 1998 and 2001. The sample

Journal of Clinical Sleep Medicine, Vol. 9, No. 12, 2013

included 4,060,504 military veterans with and without sleep
apnea. ICD-9-CM codes were extracted to identify diagnostic
status of sleep apnea and psychological conditions. Results
from logistic regressions demonstrated that OSA was associ-
ated with increased risk for psychological diagnosis including
MDD (21.8%), anxiety (16.7%), PTSD (11.9%), and bipolar
disorder (3.3%). Two main extensions to this prior work are
needed in order to inform our understanding of the relations
between OSA and psychopathology among veterans. First,
the study by Sharafkhaneh and colleagues® did not account
for differential diagnosis rates across VA facilities, which may
explain the observed associations between OSA and psycho-
logical diagnosis. Second, relatively little work has accounted
for third factors that may influence the observed associations.
For example, it is possible that a common risk factor for both
OSA and psychopathology may be driving these relations (e.g.,
severity of obesity'*).

The Role of Severity of Obesity

Obesity is associated with mood, anxiety, and somatoform
disorders as well as elevations in psychological distress.?*! In
addition, obesity is one of the leading risk-factors for OSA.*
The relation between obesity and OSA is thought to be due
to anatomical modifications that result in either upper airway
constriction or reduction in lung volume, leading to a loss of
caudal traction of the upper airway and pharyngeal collapse.*
In fact, a one standard deviation increase in body mass index
(BMI) has been associated with a 4-fold increase in the preva-
lence of OSA.** Indeed, of those with severe obesity (BMI > 40),
the prevalence of OSA ranges between 40% and 90%.** Given
these associations, there is clearly a need to account for the
severity of obesity when assessing relations between OSA and
psychological diagnoses.

Current Study

We sought to replicate and extend the work of Sharafkhaneh
by examining the association between OSA and the likeli-
hood of being diagnosed with a psychological condition. We
aimed to test these associations among obese veterans across
all 140 Veterans Health Administration (VHA) facilities, after
accounting statistically for the potentially correlated nature of
both patients and diagnostic conventions within each facility as
well as severity of obesity (i.e., BMI). We examined these rela-
tions among obese veterans only, as we wanted to investigate if
the pattern of these relations remained consistent with findings
from Sharafkhaneh when examining a population at significant
risk for both psychological conditions and OSA.* Based on
prior research,” we hypothesized that individuals with a diag-
nosis of OSA would be more likely to be diagnosed with (a)
mood disorders, and (b) anxiety disorders, but not (c) substance
use disorders. In addition, we expected these relations would
hold after accounting for severity of obesity (i.e., BMI).

METHODS

The current study is a retrospective cross-sectional database
review of all outpatient medical records collected across each
of the 140 VHA facilities for fiscal year (FY) 2010 (October
2009-September 2010). Study procedures were approved by the



VA Palo Alto Health Care System’s research office and Stan-
ford University’s Human Research Protection program.

Information Collected

Data Extraction

Data were obtained from the outpatient VHA Decision
Support System (DSS) database. The DSS is a national clinical
centralized relational database that includes encounter data
from VHA clinical information systems. Patient information,
including but not limited to, demographics, diagnoses, proce-
dures, and services provided are updated on a daily basis. In
order to construct a database appropriate for the current anal-
yses, SAS v9.2 was used to extract demographic variables, body
mass index (BMI), obesity-related physical conditions (ICD-
9-CM codes), psychological diagnoses (ICD-9-CM codes), and
diagnosis of sleep apnea. A unique identifier (scrambled social
security number) was used to obtain complete patient records
within the DSS.

Selection of Participants

Within the DSS we sought to identify veterans at-risk for
sleep apnea as a function of obesity. From the 5,576,858 total
VHA outpatients seen in FY2010 across the 140 facilities,
64% (N = 3,574,765) had at least one record entry of height
and weight available to calculate BMI. Previous research
using this database has indicated that 90% of within-person
repeated measures demonstrated < 1-inch differences in height
and < 2% had different values for weight.*® Based on this work,
we included individuals with > 1 measurement for height and
weight in order to optimize our potential sample size. In the
case of multiple values per patient, the largest biologically
plausible (i.e., height < 84 inches and weight < 700 pounds),
value was used to calculate BMI. The largest weight value
was chosen because those fluctuating throughout the year in
meeting obesity criteria were considered higher risk than those
not meeting criteria at any point during the year. Patients were
retained in the final sample (n = 2,485,658) if they had a (a)
BMI > 30, or (b) 25 < BMI < 30 and at least one obesity associ-
ated comorbidity (e.g., diabetes, hypertension, hyperlipidemia,
heart disease, congestive heart failure, cholelithiasis, osteo-
arthritis, low back pain, gastroesophageal reflux disease, and
obstructive sleep apnea).

Measures

Outcome Variables

The primary outcomes of this study included psychological
diagnostic status. All diagnoses were made by outpatient health
care providers and are based on diagnostic criteria consistent
with ICD-9-CM diagnoses. Previous work has vetted the accu-
racy of diagnoses within VA administrative databases.’’” First,
we investigated psychological diagnostic status across broad
classifications including (a) mood disorders, (b) anxiety disor-
ders, and (c) substance use disorders (SUDs; see Table 1 for
corresponding ICD-9-CM codes). Second, in the event of a
clinically significant finding within a classification, subsid-
iary analyses were then conducted for each specific disorder
(e.g., PTSD, MDD, alcohol use disorder; see Table 1 for

Sleep Apnea and Psychopathology

Table 1—ICD-9-CM Diagnostic Codes

Condition
Obesity
Sleep Apnea

Diabetes
Hypertension
Hyperlipidemia

Coronary Heart Disease/Ischemic
Heart Disease (includes CAD, MI)

Congestive heart failure

Cholelithiasis

Osteoarthritis

Low back pain
Gastroesophageal reflux disease
Bipolar Disorders

Major Depressive Disorder
Panic Disorder

Generalized Anxiety Disorder
Phobic Disorders

Agoraphobia

Social Phobia

Obsessive Compulsive Disorder
Posttraumatic Stress Disorder
Alcohol Use Disorders
Cannabis Use Disorders

ICD-9-CM diagnosis code
278.00, 278.01, 259.9, V778

780.57, 786.03, 327.2, 327.20,
327.21, 327.23, 327.29

250, 357.2, 362.0, 366.41
401, 402, 403, 404, 405
272

429.1,429.0, 429.2, 429.9, 410,
411,412, 413, 414, 440

402, 404.0, 414.19, 425.4, 428,
429.1,429.4,997 1

574

715

722,724, 846, 847

530.11, 530.81, 530.2, 787.1

296.00-296.06, 296.10-296.16,
296.40-296.46, 296.50-296.56,
296.60-296.66, 296.70, 296.80-
296.81, 296.89

296.20-296.26, 296.30-296.36
300.01

300.02

300.20

200.21, 300.22

300.23

300.30

309.81

303.00, 303.90, 305.00-305.03
304.30-304.33, 305.20-305.23

Mood Disorder comprised codes for major depressive disorder and bipolar
disorders. Anxiety Disorders comprised codes representing panic disorder,
generalized anxiety disorder, phobic disorders, agoraphobia, social
phobia, obsessive compulsive disorder, and posttraumatic stress disorder.
Substance use disorders comprised alcohol and cannabis use disorders.

corresponding ICD-9-CM codes) comprising that classification.
All outcomes were binary (0 = absence of diagnosis, 1 = pres-
ence of diagnosis).

Explanatory Variables

To determine patient characteristics associated with psycho-
logical diagnostic status, data on patient variables were obtained
including: (a) BMI (defined as [703 x weight in pounds]/height
in inches squared), (b) obesity-related comorbidities (diabetes:
ICD-9-CM 250, 357.2, 362.0, 366.41; hypertension (401-
405); 8 additional obesity-related comorbidities summarized
in Table 1), and (c) sleep apnea (see Table 1 for details). All
variables, with the exception of BMI, were binary (0 = absence,
1 = presence).

Data Analytic Plan

To describe and explore variability in facility-level rates of
psychological diagnoses and sleep apnea diagnosis, we calcu-
lated the rate of each respective diagnosis (number of patients
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with the diagnosis divided by the total number of patients in
the facility) in each of the 140 VHA facilities. Next, in order to
evaluate the relation between sleep apnea, obesity, and psycho-
logical diagnoses (anxiety disorder, mood disorder, substance
abuse disorder) we conducted three primary analyses using
generalized linear mixed effects models. Independent models
were generated for each binary dependent variable (i.e.,
anxiety disorder, mood disorder, substance use disorder). In
the event of a clinically significant finding, subsidiary anal-
yses were conducted for each specific disorder comprising the
significant category of psychopathology. Within all models,
a random effect for facility was included to account for
grouping of patients within VHA facilities. PROC GLIMMIX
procedures available within SAS V 9.2 were used to perform
estimation and statistical inference for generalized linear
mixed effects models.

RESULTS

Rates of Diagnosis

In FY2010, PTSD (12.30%) was the most common psycho-
logical diagnosis among obese veterans, followed by: MDD
(6.40%), SUD (4.19%), bipolar disorder (I and II; 2.63%),
generalized anxiety disorder (1.75%), panic disorder (.91%),
agoraphobia (.35%), and social anxiety disorder (0.11%).
Additionally, 6.68% of obese veterans received a diagnosis
of sleep apnea.

Facility-Level Correlates of Psychological Disorder
Diagnosis

In relation to facility-level correlates of psychological
diagnosis, the intraclass correlation (ICC) of the intercept-
only model indicated that 9.4% of the total variance in mood
disorder diagnosis was between facilities rather than explain-
able by patient factors. Similarly, 10.3% of the total variance
in anxiety disorder diagnosis and 20.3% of variance in SUD
diagnosis were attributable to differences between facilities.

Final Model

Results from the final multi-predictor analyses are provided
below. Results are discussed in relation to each diagnostic
classification (i.e., mood disorders, anxiety disorders, SUDs).
Next, in the case of a clinically significant finding, results are
presented for each specific disorder comprising the respective
classification of psychopathology.

Mood Disorders

After accounting for the correlated nature of patients within
facility, individuals with a diagnosis of sleep apnea were
at increased odds of receiving a mood disorder diagnosis
(OR =1.85; CI =1.80-1.88; p < 0.001). Results remained after
accounting for BMI, such that after holding BMI constant, a
diagnosis of sleep apnea was associated with increased odds
of a mood disorder diagnosis (OR = 1.75; CI = 1.62-1.89;
p <0.001). In comparison, when holding sleep apnea diagnosis
constant, BMI was not associated with the odds of having a
mood disorder diagnosis (OR =1.04; CI=1.03-1.04). Subsidiary
analyses indicated that individuals with a sleep apnea diagnosis
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had a 1.4 times (p < 0.001) greater likelihood of having a diag-
nosis of MDD, and a 1.01 times (p < 0.001) greater likelihood
in having a bipolar disorder diagnosis. Results remained after
accounting for BMI such that when holding BMI constant, indi-
viduals with sleep apnea had greater odds of having a diagnosis
of MDD (OR = 0.59; CI = 0.58-0.60; p < 0.001) and to a lesser
extent, bipolar disorder (OR = 0.48; CI =0.46-0.49; p < 0.001).
Consistent with the primary analysis, results were nonsignifi-
cant when holding sleep apnea constant.

Anxiety Disorders

After accounting for the correlated nature of patients within
facility, individuals with a diagnosis of sleep apnea were
at greater odds of receiving an anxiety disorder diagnosis
(OR =1.82; CI=1.77-1.84; p < 0.001). Results remained after
accounting for BMI, such that after holding BMI constant, a
diagnosis of sleep apnea was associated with increased odds
of an anxiety disorder diagnosis (OR = 1.71; CI = 1.61-1.82).
In comparison, when holding sleep apnea diagnosis constant,
BMI was not clinically significantly associated with the odds
of having an anxiety disorder diagnosis (OR =1.02; CI = 1.02-
1.02). Subsidiary analyses indicated that individuals with a
sleep apnea diagnosis had 1.5-fold greater odds of having a
PTSD diagnosis, a 1.3-fold increase in odds of a panic disorder
diagnosis, and a 1.2-fold increase in having a diagnosis of both
generalized anxiety disorder and agoraphobia (all p5 < 0.001).
Results remained after accounting for BMI. Here, when holding
BMI constant, individuals with sleep apnea had the greatest
odds of having a diagnosis of PTSD (OR = 0.58; CI = 0.58-
0.59; p < 0.001), followed by panic disorder (OR = 0.55;
CI = 0.53-0.56; p < 0.001), generalized anxiety disorder
(OR = 0.54; CI = 0.53-0.56; p < 0.001), and agoraphobia
(OR =0.54; CI1 =0.51-0.57; p < 0.001). Again, consistent with
the primary analysis, results were nonsignificant when holding
sleep apnea constant.

Substance Use Disorders

After accounting for the correlated nature of patients within
facility, individuals with a diagnosis of sleep apnea were not
at clinically greater odds of receiving a substance use disorder
diagnosis (OR = 0.94; CI = 0.92-0.97). Due to the nonsignifi-
cant findings, further analyses were not conducted.

DISCUSSION

Results from this study demonstrate that, among obese
veterans in the VA Health Care System, a diagnosis of sleep
apnea is associated with increased risk for having a mood or
anxiety disorder, but not a substance use disorder. The stron-
gest associations were observed for MDD and PTSD. In addi-
tion, results remained after accounting for BMI, such that
when holding BMI constant, individuals with sleep apnea had
increased odds of both mood and anxiety disorders, specifically
MDD, bipolar disorder, PTSD, panic disorder, generalized
anxiety disorder, and agoraphobia.

Obese veterans with sleep apnea had clinically significant
greater odds of having a mood disorder. This finding is consis-
tent with previous research.’ In addition, when holding BMI
constant, a significant relation emerged for mood disorders. This



indicates that the association between sleep apnea and mood
disorders is attributable, at least in part, to factors other than
BMI. While mixed results exist for the relation between sleep
apnea and MDD, results from specificity analyses supported
previous research,” indicating an association between sleep
apnea and MDD (and to a lesser extent bipolar disorders) as
the strongest association within the mood disorders. As results
demonstrated that the association was above and beyond BMI,
it is unlikely that among this sample BMI was affecting the
nature of the relation between sleep apnea and MDD. Two
primary theoretical models have been posited to explain this
relation. First, some have suggested that the relation between
sleep apnea and MDD is explained by depression secondary
to a general medication condition.*® Additional work has
suggested that hypoxemia, fragmented sleep, and the daytime
consequences of poor sleep (fatigue, excessive daytime sleepi-
ness) have been shown to increase depressed mood.** Unfor-
tunately, the cross-sectional nature of the present investigation
does not allow for an understanding of the temporal relations of
the observed associations.

Obese veterans with sleep apnea also had clinically signifi-
cant greater odds of having an anxiety disorder. This finding
adds to the literature base supporting an association between
sleep apnea and anxiety.” Further, results remained after
accounting for BMI, such that when holding BMI constant,
sleep apnea was still associated with anxiety disorders. Consis-
tent with the findings regarding mood disorders, this suggests
that the relation between sleep apnea and anxiety is above and
beyond the impact of BMI. In terms of specific anxiety disor-
ders, results indicated that sleep apnea had the strongest asso-
ciation with PTSD (followed by panic disorder and generalized
anxiety disorder), a consistent finding in the recent literature.?

As expected, we did not observe an association between
sleep apnea and substance use disorders. This is consistent with
previous research conducted among veterans,” however, is in
contrast to a host of additional work suggesting an associa-
tion between substance use disorders and sleep apnea.***! This
finding may be influenced by data collection methods. This is
to say, all data were collected from outpatient VA records. It
is possible that individuals with severe substance abuse disor-
ders (a) do not seek treatment within the VA, or (b) are more
likely to use inpatient and residential services, which were
not included here.

While this study has a number of strengths, including the
use of a large sample across the VA health care system, and
accounting for differential rates of diagnosis across facilities,
there are some limitations which should be considered when
interpreting these results. First, the data presented here are cross-
sectional in nature and therefore causal or temporal conclusions
cannot be made, nor can we identify mechanisms that may be
involved in the observed associations. However, as findings
have replicated those of Sharafkhaneh and colleagues,” future
research would now benefit from determining mechanisms
that may further explain the differential relations between
sleep apnea and mood/anxiety versus substance use disorders.
Second, a number of individuals were excluded due to missing
height and/or weight assessments. Future research would benefit
from more consistent inclusion of these assessments. Third, all
data were obtained from a retrospective database review of
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ICD-9-CM diagnostic codes. While the reliance on ICD-9-CM
diagnostic codes within DSS data introduces the potential for
miscoding or misclassification, ICD-9-CM codes have gener-
ally been found to be a valid proxy for estimating disorder*
and have been consistently used within VA research.?** Future
research would benefit from the inclusion of longitudinal work
using standardized assessments. For example, inclusion of
multi-modal assessment would strengthen confidence in diag-
noses, especially in relation to sleep apnea. Here, inclusion of
a sleep laboratory assessment to confirm sleep apnea status
would be beneficial. This form of assessment would also allow
for the determination of history and type of sleep apnea, as well
as the patients’ involvement in treatment for sleep apnea, which
our current data cannot provide. Fourth, as our sample was
comprised entirely of obese veterans, we may have a restricted
range of BMI, which may have affected the observed findings.
Finally, the use of an entirely veteran sample may limit the
generalizability of the findings. While our prevalence rates of
PTSD are consistent with past VA research® and VA diagnostic
trends,* observed rates of MDD were significantly lower than
among other VA samples.?’ These findings should be replicated
among other VA, as well as non-veteran and female samples.

Despite these limitations, results provide preliminary clinical
implications. Namely, findings indicate a strong association
between mood and anxiety disorders and sleep apnea among
obese veterans. This highlights the importance of conducting
sleep apnea assessments among obese veterans with mood
and anxiety disorders (especially MDD and PTSD), as well
as conducting anxiety and mood assessments among obese
veterans with sleep apnea. Such information could aid in the
allocation of resources in order to optimize treatments for
psychopathology and sleep apnea.
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