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ABSTRACT

Background: Depression in patients with chronic rhinosinusitis (CRS) is underdiagnosed but significantly impacts treatment outcomes and health care
utilization.

Objective: To compare undiagnosed depression in a CRS cohort with a healthy, non-CRS control cohort.

Methods: A case-control study of patients with symptomatic CRS and a non-CRS control cohort was performed. Demographic and comorbidity factors were
correlated to depression-specific outcomes by using the Beck Depression Inventory 1I (BDI).

Results: We enrolled 42 patients with CRS and 88 control patients with no history of CRS. Physician-diagnosed depression was equivalent in CRS and
control patients (6% and 9%, respectively). BDI-detected depression was higher among patients with CRS compared with controls (31% versus 14.8%,
respectively; p = 0.031). BDI scores were higher in patients with CRS even when controlling for comorbid asthma, allergy, and aspirin sensitivity. When
examined by polyp status, the patients without polyps had more depression than did the controls (38% versus 14.8%; p = 0.048). The somatic subscale scores
of the BDI were worse in patients with CRS (p = 0.004), whereas the cognitive subscale trended toward significance (p = 0.081).

Conclusion: Depression may be more common in CRS than previously recognized, especially in patients without polyps. Somatic subscale scores of the
BDI are increased in CRS and may impact future treatment outcomes.

(Am J Rhinol Allergy 30, 128-133, 2016; doi: 10.2500/ajra.2016.30.4290)

hronic rhinosinusitis (CRS) is a complex disease that affects not
only the nose and sinuses but also has broad effects throughout
the body. Previous studies in CRS found that 9-25% of patients report
a previous physician diagnosis of depression.!? Studies that used
validated screening instruments were able to identify an additional
8-15% of patients with CRS with previously undiagnosed depression;
however, they did not include a control group of patients without
CRS for comparison.!** When depression occurs in patients with
CRS, the depression has been shown to impact quality of life and,
potentially, treatment outcomes'’; thus, a comprehensive under-
standing of comorbid depression in CRS is needed.

In addition to depression, patients with CRS have other comorbid
systemic ailments, including cognitive dysfunction, anxiety, diabetes,
and sleep disorders.30-% Although it is unclear how these comorbid
systemic conditions, including depression, develop in patients with
CRS, it is possible that increased cardinal symptoms, such as nasal
obstruction or drainage, could impact sleep, whereas increased facial
and/or sinus pain or impaired olfactory function could impact plea-
surable social activities. It also is possible that variations in the sever-
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ity of cardinal symptoms between polyp groups could lead to differ-
ent mechanisms of depression. Systemic manifestations and
comorbidities are likely a major factor in impaired health utility
scores in CRS compared with other chronic diseases® as well as
reduced work productivity’ and increased medication usage.>1°

Given the negative impact of comorbid depression on clinical out-
comes for CRS, better screening for undiagnosed depression and
improved understanding of the complex interplay between CRS-
associated depression and accompanying systemic comorbidities are
needed. The goals of this study were to examine depression in pa-
tients with CRS by using a sensitive instrument, the Beck Depression
Inventory II (BDI), to compare depression in patients with CRS with
non-CRS controls and to determine if there were variations in depres-
sion among the polyp groups.

METHODS

Study Design

The study was designed as a prospective, case-control study of
adult patients (=18 years). Patients with CRS were enrolled from
tertiary rhinology clinics at the Medical University of South Carolina,
and informed consent was obtained under institutional review board
approval (Pro 16334). All patients classified as CRS fulfilled diagnos-
tic criteria for CRS according to the Clinical Practice Guideline of the
American Academy of Otolaryngology-Head and Neck Surgery'! and
the European Position Paper on Rhinosinusitis and Nasal Polyps
(EPOS2012),12 with confirmation of disease by either computed to-
mography or sinonasal endoscopy. Endoscopy was graded by using
Lund-Kennedy scoring. Control subjects without any history of si-
nusitis were recruited from individuals who accompanied patients to
otolaryngology appointments at the Medical University of South
Carolina, such that both cases and controls were derived from the
same theoretical source population. Patients with CRS were excluded
if they had received oral corticosteroids within the preceding 2 weeks,
had undergone surgery within 6 months, or had a cognitive mental
disorder (dementia, delirium, or amnesia). Control subjects were
excluded if they had any history of chronic or recurrent sinusitis,
ongoing symptoms that fit diagnostic criteria for CRS, or cognitive
mental disorder (dementia, delirium, or amnesia).
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Table 1 Baseline demographics of healthy control and CRS cohorts

Control (n = 88) CRS (n = 42) p Value
Sex, no. (%) 0.272
Men 33 (37.50) 20 (47.62)
Women 55 (62.50) 22 (52.38)
Age, mean (SD), y 53.57 +17.59 57.64 = 17.02 0.216
Race, no. (%) 0.121
White 64 (73.56) 36 (85.71)
African American 23 (26.44) 6 (14.29)
Income, no. (%) 0.212
$0-$25,000 20 (23.81) 10 (26.32)
$26,000-$50,000 18 (21.43) 6 (15.79)
$51,000-$75,000 30 (35.71) 8 (21.05)
$76,000-$100,000 6(7.14) 6 (15.79)
=$100,000 10 (11.90) 8 (21.05)
Education, mean (SD), y 14.61 = 2.53 14.17 = 2.80 0.371
No. drinks of alcohol in past week, mean (SD) 2.28 = 5.77 1.10 = 1.80 0.082
Depression (physician diagnosis), no. (%) 6 (6.82) 4(9.52) 0.726
Fibromyalgia, no. (%) 1(1.14) 3(7.14) 0.099
Diabetes, no. (%) 7(7.95) 6(14.29) 0.348
OSA, no. (%) 5 (5.68) 6 (14.29) 0.174
Asthma, no. (%) 5 (5.68) 10 (23.81) 0.006
Allergy, no. (%) 13 (14.77) 20 (47.62) <0.001
AERD, no. (%) 0 (0.00) 5(11.90) 0.003
Endoscopy score, mean (SD) (n = 42 patients) — 6.00 = 3.21 —
CT, mean (SD) (n = 30 patients) — 13.87 £ 6.77 —

CRS = chronic rhinosinusitis; SD = standard deviation; OSA = obstructive sleep apnea; AERD = aspirin-exacerbated respiratory disease; CT = computed

tomography.
Bold indicates statistically significant values.

Demographics, Comorbidities, and Disease Severity

By using standardized questionnaires, demographic information
was collected from all the subjects, including age, sex, race and/or
ethnicity, educational attainment (International Standard Classifica-
tion Education), and household income. Information related to med-
ical comorbidities was collected directly from the subjects and the
medical records when available, including the presence of allergic
rhinitis, asthma, obstructive sleep apnea, aspirin-exacerbated respira-
tory disease, and diabetes mellitus. Physician-diagnosed depression
was based on patient report of depression diagnosis given by their
primary care physician or psychiatrist. Allergic rhinitis had to be
diagnosed by a physician and confirmed with previous positive ob-
jective testing (skin-prick test or allergen-specific immunoglobulin E
antibody test). For all other medical comorbidities, the patient was
considered to have the condition if he or she had received a previous
diagnosis by a physician. We did not include patient self-diagnosis of
depression, allergies, or any other comorbidity, and we did not obtain
outside medical records to confirm these diagnoses.

Symptoms of depression were evaluated by using the Beck Depres-
sion Inventory Second Edition (BDI-II).’* The BDI-II is a 21-item,
self-reporting questionnaire that quantifies depressive symptoms
over the past 2 weeks. The BDI-II is one of the most widely used
instruments for detecting and quantifying the severity of depressive
symptoms in normal and depressed populations, and has high inter-
nal consistency and reliability. Scores are generally classified as the
following: 0-13, minimal or no depression; 14-19, mild depression;
20-28, moderate depression; and 29-63, severe depression.'#!5 Sub-
factor analysis was performed to determine the impact of CRS on
somatic and cognitive subdomains.!516

Statistical Analysis

Data were collected on standardized forms and entered into a
Research Electronic Data Capture data base by using double data-
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entry processes to ensure data integrity.!” Descriptive statistics
(means, standard deviations [SD], percentages, efc.) were used to
characterize the patients with CRS and the controls with respect to all
study measures, including demographics, comorbidities, potential
confounding factors, and measures of depression. For continuous
measures, normality was assessed by plotting histograms. For each
measure, univariate analysis was performed, which compared differ-
ences between cases with CRS and the controls. An independent
samples t-test was used to compare differences for normally distrib-
uted continuous measures, whereas non-normal measures were eval-
uated by using the Mann-Whitney U test. Frequency data were com-
pared between cases and controls by using the Pearson x> test or
Fisher’s exact test when appropriate. Also, linear regression was
performed to determine the extent to which depression measures
(BDI and its subscales) were associated with cases.

RESULTS

Overall

We enrolled 42 patients with CRS and 88 controls with no history
of CRS. Patients with CRS had a higher prevalence of allergy, asthma,
and aspirin-exacerbated respiratory disease (Table 1). Endoscopy was
performed in all patients with CRS, and the mean (SD) Lund-Ken-
nedy score was 6.00 * 3.21. Computed tomography was performed in
30 patients with CRS as part of their routine clinical care, and the
mean (SD) Lund-MacKay score was 13.87 + 6.77 (Table 1). There was
no difference between the groups in the prevalence of physician-
diagnosed depression, but BDI scores revealed that patients with CRS
had depression twice as often as did the control patients (31.0%
versus 14.8%, respectively; p = 0.031) (Table 2), which led to a
modestly higher mean (SD) BDI score in the CRS cohort (10.62 * 8.43
versus 6.77 * 7.52, respectively; p = 0.010). Among patients with BDI
scores of =14 and thus screened positive for depression, BDI scores
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Table 2 Depression prevalence and severity by diagnostic group

Control CRS p Value
(n = 88) (n = 42)
Physician-diagnosed 6 (6.8) 4(9.5) 0.412
depression, no. (%)
BDI diagnosed depression, 13 (14.8) 13 (31.0) 0.031
no. (%)
BDI score of all patients in 6.77 =752 10.62 * 8.43 0.010

group, mean (SD)

BDI score of patients with
BDI = 14, mean (SD)
CRS = chronic rhinosinusitis; BDI = Beck Depression Inventory-II; SD =

standard deviation.
Bold indicates statistically significant values.

20.69 £ 722 21.85=* 6.85 0.680

were similar between the groups. The mean BDI scores among pa-
tients with depression in both groups were >20, which indicated
moderate depression (Table 2), which indicated that, although undi-
agnosed depression was more common in patients with CRS, it was
not more severe.!415

Comorbidities

We then tested for correlation among demographic factors, comor-
bidities, and BDI scores (Table 3) among all the patients. Physician-
diagnosed depression, fibromyalgia, and asthma were associated
with higher BDI scores. Physician-diagnosed depression and fibro-
myalgia did not differ between the groups (Table 1), thus CRS status
and asthma were placed into linear regression analysis. CRS re-
mained significantly associated with higher BDI scores even when
controlling for asthma (8 = 3.289, p = 0.032).

BDI Subscales

We then examined whether demographic factors and comorbidities
had a differential impact on the somatic or cognitive subscales of the
BDI. As seen in Table 4, somatic scores correlated with asthma,
physician-diagnosed depression, and CRS diagnosis. Physician-diag-
nosed depression did not vary between the cohorts, thus asthma and
CRS diagnosis were placed into linear regression, and CRS correlated
with somatic scores even when controlling for asthma. Cognitive
scores trended toward a difference between patients with CRS and
the controls but did not reach statistical significance (p = 0.081).

Polyp Status

We then examined polyp status and its impact on BDI
scores. As demonstrated in Table 5, although all the groups had
equivalent rates of physician-diagnosed depression, CRS
without nasal polyps (CRSsNP) had significantly higher rates of
BDI diagnosed depression compared with the control patients
(38.1% versus 14.8%, respectively; p = 0.048), which resulted in an
increase in mean (SD) BDI score compared with the control pa-
tients (11.43 = 7.76 versus 6.77 * 7.52, respectively; p = 0.029).
Patients with CRS with nasal polyps (CRSwNP) had an interme-
diate prevalence (23.8%) and mean (SD) BDI score (9.81 * 9.16).

DISCUSSION

A variety of chronic medical conditions are commonly associ-
ated with an increased rate of comorbid depression. This includes
diabetes, cancer, coronary heart disease, stroke, and rheumatoid
arthritis.18-20 It is difficult to determine causality between chronic
illness and depression. Patients with depression may have physiologic
effects due to their mental illness or maladaptive behaviors, which
increase their risk for developing some conditions, such as type 2 dia-
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Table 3 Correlation between BDI scores and demographic
variables

BDI score  Correlation p Value
Mean (SD)
Sex 0.701
Men 8.34 = 7.87
Women 8.90 = 8.93
Age —0.072 0.403
Race 0.333
White 9.10 = 8.74
African American 7.44 + 7.68
Income
$0-$25,000 8.69 +7.75 0.821
$26,000-$50,000 9.81 = 10.97
$51,000-$75,000 8.40 = 8.75
$76,000-$100,000 10.77 + 8.50
=$100,000 6.74 + 513
Education —0.011 0.898
Drinks of alcohol in the past —0.135 0.116
week
Physician-diagnosed <0.001
depression
No 7.30 = 6.87
Yes 21.00 = 11.80
Fibromyalgia 0.047
No 8.08 + 7.62
Yes 20.00 = 15.65
Diabetes 0.084
No 7.96 = 7.31
Yes 15.14 + 14.57
OSA 0.104
No 799 = 7.52
Yes 14.40 + 13.41
Asthma 0.023
No 8.03 + 8.42
Yes 12.79 + 8.24
Allergy 0.284
No 8.22 + 8.28
Yes 9.97 £9.17
AERD 0.279
No 8.46 + 8.25
Yes 14.80 + 14.03

BDI = Beck Depression Inventory-1I; SD = standard deviation; OSA =
obstructive sleep apnea; AERD = aspirin-exacerbated respiratory disease.
Bold indicates statistically significant values.

betes.?! However, depression may actually be an early manifestation or
even the initial presentation of an underlying medical condition due to
biologic changes or complications seen with these chronic illnesses.??
Comorbid depression has also been shown to impact treatment out-
comes in other diseases. Patients with depression have increased death
and rehospitalization rates after coronary artery bypass grafting.??
Within this context, it is not surprising that CRS would be associated
with a higher prevalence of depression compared with a group of
individuals without CRS. Furthermore, it will be valuable to advance our
knowledge regarding the prevalence and types of depression in patients
with CRS and, ultimately, to determine whether depression is a risk
factor for and/or modifies the course of CRS after treatment.

Our study was consistent with previous reports regarding the
general prevalence of previous physician-diagnosed depression in
patients with CRS, ~10%,!? and this was similar to the prevalence
we found in the non-CRS control cohort. Use of the BDI instrument
as a screening tool seemed to be more sensitive than other instru-
ments at detecting patients with CRS at risk for depression because
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Table 4 Somatic and cognitive subscale BDI scores among all patients

No. BDI Somatic BDI Cognitive
Mean (SD) or Correlation p Value Mean (SD) or Correlation p Value
Sex 0.705 0.591
Men 53 5.8 4091 2.11 = 3.09
Women 77 6.22 = 5.85 1.83 = 2.83
Age 130 —0.040 0.655 —0.179 0.042
Race 0.251 0.794
White 100 6.40 = 5.64 1.99 =295
African American 29 5.07 = 4.82 1.83 £2.95
Income 0.900 0.155
$0-$25,000 30 6.10 = 5.54 217 =248
$26,000-$50,000 24 6.08 = 6.41 1.88 = 3.01
$51,000-$75,000 38 6.05 = 5.78 2.08 + 3.44
$76,000-$100,000 12 717 =541 3.17 =351
=$100,000 18 5.33 +3.22 0.78 = 1.70
Education 129 —0.075 0.401 —0.043 0.630
Drinks of alcohol in the past week 129 —0.142 0.107 —0.113 0.201
Asthma 0.036 0.014
No 115 5.77 = 544 1.75 = 2.83
Yes 15 8.40 +5.26 3.47 +3.34
Allergy 0.367 0.298
No 97 5.79 + 528 1.73 = 2.64
Yes 33 6.88 = 5.99 2.58 + 3.61
AERD 0.129 0.497
No 125 5.86 + 5.24 1.88 = 2.80
Yes 5 11.20 = 8.87 3.60 = 5.41
Depression (physician diagnosed) <0.001 0.002
No 120 548 + 492 1.63 =243
Yes 10 13.10 £ 6.97 5.70 = 5.29
Fibromyalgia 0.636 0.475
No 126 5.96 + 5.27 1.85 *+2.76
Yes 4 9.50 = 10.66 5.00 = 6.27
OSA 0.712 0.470
No 119 593 +5.23 1.82 272
Yes 11 7.55 = 7.74 3.27 + 4.63
Diabetes 0.071 0.492
No 117 5.68 = 4.99 1.78 = 2.56
Yes 13 9.62 + 8.08 3.46 =511
CRS status 0.004 0.081
CRS 42 8.02 = 5.51 2.60 + 3.28
Control 88 514 =522 1.64 =271

BDI = Beck Depression Inventory-II; SD = standard deviation; AERD = aspirin-exacerbated respiratory disease; OSA = obstructive sleep apnea; CRS =

chronic rhinosinusitis.
Bold indicates statistically significant values.

Table 5 Prevalence of depression and BDI score variations based on p

olyp status

Control (n = 88) CRSsNP (n = 21) CRSwWNP (n = 21) p Value
Physician-diagnosed depression, no (%) 6 (6.8) 1(4.8) 3(14.3) 0.594
BDI diagnosed depression, no. (%) 13 (14.8) 8 (38.1) 5(23.8) 0.048
BDI of all patients in the group, mean (SD) 6.77 = 7.52 11.43 +=7.76 9.81 +9.16 0.029
BDI of patients with BDI of =14, mean (SD) 21.85 = 6.85 19.63 = 4.78 22.40 = 10.50 0.730

BDI = Beck Depression Inventory-I1I; CRSsNP = chronic rhinosinusitis without nasal polyps; CRSwNP = chronic rhinosinusitis with nasal polyps; SD =

standard deviation.
Bold indicates statistically significant values.

our overall prevalence was 31%, one of the highest reported in the
literature.!34 It is unclear if this was due to increased sensitivity of
the BDI screening instrument or variations in patient populations.

One advantage of our study was inclusion of a non-CRS control
group, which enabled us to examine the impact of common CRS-
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related comorbidities. Asthma, diabetes, and obstructive sleep apnea
have all been associated with depression.?*?” Given these findings, we
investigated the role of these comorbidities in the development of de-
pression in CRS. We found that, even when controlling for these vari-
ables, CRS was still associated with higher BDI scores, which indicated
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independent effects of CRS on depressive symptoms. One potential
weakness in our study was that the control patients were typically
accompanying friends or family members and were not true patients in
our clinics, thus, we did not access their medical records, which could
potentially lead to reporting bias and underreporting of comorbidities.

There are a number of instruments available for screening of de-
pression, which includes physician-administered measures, e.g., the
Hamilton Rating Scale for Depression, and patient reported measures,
e.g., the 2- or 9-item versions of the Patient Health Questionnaire or
the Beck Depression Inventory II (BDI).2® One advantage of the 21-
item BDI is that it provides useful information on depression sub-
scales and breaks them down into somatic and cognitive subscales or
factors.'® The somatic factor is defined by the core item tiredness or
fatigue and also includes questions regarding loss of energy, sleep
disturbance, and change in appetite. CRS is known to affect sleep?®
and, by definition, includes at least two of the cardinal symptoms of
nasal obstruction, drainage, facial pain, and impaired olfaction. Thus,
it is not surprising that these sinonasal symptoms could lead to worse
somatic scores. The cognitive factor, however, is defined by the core
item self-dislike and also includes broader questions, such as pessi-
mism, guilty feelings, and suicidal thoughts. It could be imagined that
these symptoms may be more common in many chronic illnesses and
may not be as specific for sinus symptoms in CRS.

In our study, the somatic subscale was impacted by CRS. The
cognitive subscale was not significantly associated with CRS status,
although there was a trend (p = 0.081). Differentiation between these
subscales may be important in understanding the development of
depression and subsequent treatment outcomes. In other diseases,
e.g., development of insulin resistance, patients with worse somatic
symptoms rather than cognitive symptoms were more likely to de-
velop diabetes.®® In obstructive sleep apnea, surgical therapy im-
proved BDI scores in 75% of patients with depression and correlated
with sleepiness scores. Thus, an impact on somatic symptoms in
obstructive sleep apnea seems to translate into improved overall
depression symptoms.?” In CRS, the somatic and cognitive subscales
may also differentially impact mechanisms for the development of
depression. Similarly, whether CRS-related treatments have a greater
impact on one BDI subscale or another and subsequent depression
outcomes is an interesting area for future research.

Previous uncontrolled studies that used other depression instru-
ments did not find any impact from nasal polyp status. In contrast, we
found that CRSsNP had an increased prevalence of depression com-
pared with healthy controls. Patients with CRSWNP tend to present
with more severe symptoms of nasal congestion and olfactory loss,
whereas patients with CRSsNP can have more severe pain.®! It is
unclear if certain cardinal symptoms play a more pivotal role in the
development of depression. Similarly, variability in the severity of
cardinal symptoms between the polyp groups could result in vari-
ability in somatic symptoms and overall BDI scores. Also, other
comorbidities, such as asthma and allergies, are more often associated
with patients with CRSWNP and could certainly contribute to overall
depression. We were able to control for a number of these comorbidi-
ties, but it is possible that there were other comorbidities not included
in our study.

Medical and surgical therapies impact cardinal symptoms of CRS with
varying degrees of success,?>% e.g., impaired olfaction tends to improve
less than other cardinal symptoms.?> Thus, a more comprehensive un-
derstanding of which BDI subscales play key roles in CRS and which
subscales impact depression outcomes is needed. We did not analyze
individual cardinal symptoms, but this remains an area for further
investigation. It would also be interesting to determine if other otolar-
yngologic symptoms, such as ear symptoms or nasal obstruction due to
septal deviation or rhinitis, are associated with depression.

Although our study was unique in comparing depression in patients
with CRS with non-CRS controls when using the comprehensive BD], it
did have a number of weaknesses. First, the study was not powered to
control for a large number of variables, such as polyp status, sinus-
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specific symptoms, and depression subscales. Second, for physician-
diagnosed depression, we relied on the patient report of a previous
physician diagnosis. We did not collect detailed data regarding the
criteria used by other physicians in rendering this diagnosis or therapies
recommended for treatment. Third, a large number of chronic illnesses
have been associated with depression. Our study was limited to those
illnesses commonly associated with CRS. It is possible that other comor-
bidities, such as cardiac disease or low back pain, could also be present
but were not accounted for. Similarly, it is possible that multiple com-
binations of these comorbidities, such as asthma and cardiac disease,
could impact depression outcomes. As we begin to better understand
depression in CRS, it will be important to have larger, multi-institutional
studies. Such detailed studies will enable us to understand the develop-
ment of CRS-associated depression and will also be critical to determine
the impact of medical and surgical treatments for CRS on depression
outcomes.

CONCLUSION

Use of the BDI as a screening instrument detected depression in
nearly one-third of the patients with CRS. Depression in these pa-
tients was independent of other chronic illnesses associated with CRS,
including asthma and allergic rhinitis, and seemed to impact the
somatic subscale of the BDIL. Depression seemed to be more common
in patients with CRSsNP.
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