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Introduction

The diagnosis of cancer is a known psychological stressor,
manifesting in mental health disorders (MHDs) such as
depression to anxiety.1 In particular, patients with sinona-
sal/skull base malignancies experience unique challenges
associated with visual changes, anosmia, the social stigma
of facial disfiguration, and pain associated with nasal
obstruction. They may also experience neuropsychiatric
deficits from targeted radiation therapy and resection invol-
ving anatomical regions regulating mood and affect.

Many studies have investigated the effects of cancer
diagnosis on MHDs, but it remains unclear how sinonasal/
skull base malignancies in particular are associated with
MHDs.2 It has been suggested that quality of life is lowered in
this patient population due to the significant psychological
stress, but the level of MHDs has not been measured.3

Measuring the mental health status unique to skull base
malignancies may lead to measures, which improve quality
of life of these patients and reduce healthcare costs.4

While the link between MHDs and cancer has been
reported for decades, the relationship between skull base
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Abstract Objective The main purpose of this article is to examine the prevalence, incidence,
sociodemographic, and clinical characteristics of mental health disorders (MHDs)
among patients with skull base malignancies.
Design Retrospective cohort study.
Settings/Participants Six-thousand seven-hundred sixty sinonasal/skull base cancer
patients in the MarketScan database between 2005 and 2014.
Main Outcome Measures Frequency of MHDs pre- and post-diagnosis in patients
harboring sinonasal/skull base malignancies.
Results A significant increase in MHDs was noted from pre- to post-cancer diagnosis
(22 vs 31%, p < 0.0001). Despite an increase in the prevalence rate, the demographic
profile of patients with MHDs post-diagnosis remained similar to pre-diagnosis. Those
patients harboring MHDs were, however, more likely to be women (62.7 vs 47.4%), and
carry a history of smoking (40.9 vs 26.3%) than those without MHDs. These compar-
isons were statistically significant (p < 0.0001).
Conclusion The prevalence of MHDs increases following a diagnosis of a sinonasal/
skull base malignancy. Patients with MHDs weremore likely to be women and smokers.
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malignancies and MHDs has not been fully elucidated. We
suspect that the diagnosis and treatment of these specific
cancers are a significant stressor and lead to clinical MHDs,
namely anxiety and depression. We hypothesize that the
prevalence of MHDs is higher in the sinonasal/skull base
malignancy patient population. We perform a large, retro-
spective cohort study seek to address whether there is a
temporal relationship between sinonasal/skull base cancer
and MHD diagnosis, which demographic variables confer an
increased risk, and the prevalence of MHDs in this
population.

Methods

Study Design and Data Source
We performed a retrospective cohort study of skull base
cancer patients from the MarketScan database. The Truven
HealthMarketScan database contains claims-based informa-
tion of nearly 150 million patients in the United States from
its three core databases—Commercial, Medicare Supplemen-
tal, and Medicaid (https://truvenhealth.com). MarketScan’s
claim-based data enables large-scale, comprehensive analy-
sis by providing clinical information about the longitudinal
care of patients, allowing this study to compare mental
health prevalence temporally, between pre-diagnosis and
post-diagnosis period. This study was approved by the
Institutional Review Board of the Penn State College of
Medicine, Pennsylvania, United States.

The diagnosis of skull base neoplasms was identified by the
International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) codes for nasopharyngeal (147.0–
147.9) and nasal cavity/sinus cancer (160.0, 160.2–160.9). The
ICD-9-CM codes for psychiatric disorders and dispensing
records of antianxiety and antidepression medications served
as sources for tracking the presence of MHDs. The ICD-9-CM
codes used to capture mental health diagnoses in the study
population include the following diagnosis: episodic mood
disorders (296.0–296.9), including depression, anxiety (300.0–
300.9), drug dependence (304.0–304.9), adjustment disorder
(309.0–309.1), and major depressive disorder, not otherwise
specified (311.0–311.9). In addition, patients who were pres-
cribed theantidepressants listed in (►Supplementary Table S1,
online only) were identified as having MHDs. “Pre-diagnosis”
was defined as 6 months before the index date for ICD-9-CM
diagnosis of cancer, and “post-diagnosis” was defined as from
the index date for cancer diagnosis to 1 year after this date.
Patient characteristics such as smoking and alcohol use are not
directly captured by the claims database. Smoking history was
coded for using the ICD-9-CM codes for chronic lung disease as
an analogue, and history of alcohol 9 use was coded using the
ICD-9-CM codes for alcohol dependence.

Statistical Analysis
A total of 6760 subjects meeting the inclusion criteria served
as the study sample. The inclusion criteria of the cohort
consisted of nasal cavity sinus and nasopharynx cancer
patients aged 18 years or older who had continuous enroll-
ment in claims. There were two major time points analyzed

in this study: 6 months before index date diagnosis versus 3
months to 1 year after the index date.We defined the date of
skull base cancer diagnosis as the index date. Treatment
modalities were identified by Current Procedure Terminol-
ogy-4 and ICD-9-CM codes for radiation, chemotherapy, and
surgery.

We compared the frequency ofMHDs 6months before the
date of skull base cancer diagnosis and compared it to the
frequency of MHDs between 3 months to 1 year after the
date of cancer diagnosis. Another point of comparison
involved comparing those who only developedMHDs within
1 year after the cancer diagnosis to patients who never
developed MHDs throughout the illness continuum. Pearson
chi-square tests for independence were used for the above
categorical comparisons.

Multivariable analysis was performed using binary logis-
tic regression to assess the nature and strength of the
association between dependent and independent variable
by controlling the effect of potential confounders such as age,
gender, history of smoking, and US regions. The descriptive
results are reported as proportions and the multivariable
logistic regression results are presented as adjusted odds
ratios (OR)with 95% confidence intervals. The statistical tests
were reported as significant if the level of significance is less
than α equal to 0.05. The descriptive statistics and multi-
variable analysis were conducted using SAS version 9.4 (SAS
Institute, Cary, North Carolina, United States).

Results

►Table 1 delineates the sociodemographic characteristics of
the patient cohort with MHDs andwithout MHDs. The major-
ity of the patients (74%) were between 45 and 64 years of age.
Fifty-eight percent of the cohort had cancer of the nasophar-
ynx (n ¼ 3897). A slight female predominance was observed
(female to male ratio ¼ 1.12). The geographic distribution of
the cohort was concentrated in the southern states, which
comprise 37% of the cohort. Only 2% of the sinonasal cancer
patients had a positive history of alcohol use, whereas 32% of
the patients had a positive smoking history. A 9% absolute
increase in MHDs was reported from the pre- to post-cancer
diagnosis period (22 vs 31%, p < 0.0001).

►Table 2 delineates the adjusted multivariable OR for the
associationof sociodemographic factorswithMHDs inpatients
withsinonasal/skull basemalignancies.Thepresenceofcancer,
sex, smoking, and alcohol use had significant associationswith
MHDs.Our results showedthat patientswithMHDsweremore
likely to bewomen (63 vs 47%), and carry a history of smoking
(41 vs 26%) than those without MHDs. A history of alcohol use
was more prominent in patients with MHDs than those with-
out (3 vs 1%). 23.4% of the patients with sinonasal/skull base
malignancieshad thediagnosisofdepression,whereas28.1%of
patients had the diagnosis of anxiety. These comparisonswere
statistically significant (p < 0.0001).

►Fig. 1 shows comparisons of patients without prior
mental health history who developed MHDs after the cancer
diagnosis and those who never developed MHDs. Female
gender was associatedwith an OR of 1.38 (95% CI: 1.19–1.60)
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in developingMHDs comparedwithmale patients with skull
base cancer. Receiving radiation therapywas associatedwith
2.14 (95% CI: 1.78–2.56) times the odds of developing MHDs
in the skull base cancer patient population, followed by
surgery (OR 1.82, 95% CI: 1.34–2.45) and chemotherapy

(OR 1.63, 95% CI: 1.35–1.96). History of smoking (OR 1.52,
95% CI: 1.30–1.78) and alcohol dependence (OR 3.18, 95% CI:
2.03–4.96) was associated with an increased risk of devel-
oping MHDs. There were no significant differences in age of
diagnosis, year of diagnosis, US regions, and type of residence
(urban vs rural).

Discussion

In this study, we measured the prevalence of MHDs in
patients before the diagnosis of skull base malignancies
and 1 year after the cancer diagnosis. A higher prevalence
of MHDs was observed in skull base cancer patients com-
paredwith the general US population. Moreover, therewas a
significant increase inMHD prevalence after the diagnosis of
cancer. Factors associated with increased psychiatric mor-
bidity in skull base cancer patients include female gender,
smoking, alcohol history, and residence in the southern
states. The strongest associationwas shown between alcohol
exposure and development of MHDs. Although smokers
were more likely to have MHDs, it had a lower strength of
association in comparison with alcohol use.

Table 2 Multivariate odds ratios for associations between
sociodemographic factors and MHDs

Sociodemographic factors Odds ratio, adjusted
(95% CI)

Presence of cancer

Yes 2.58 (2.42–2.74)

No 1 (Reference)

Sex

Female 2.18 (2.12–2.24)

Male 1 (Reference)

US Region

Northeast 0.87 (0.83–0.91)

South 1.02 (0.99–1.05)

West 0.97 (0.94–1.01)

Midwest 1 (Reference)

Age of diagnosis 1.01 (1.01–1.01)

Type of residence

Rural 1.06 (1.02–1.10)

Urban 1 (Reference)

Year of diagnosis 0.90 (0.90–0.91)

History of smoking

Yes 1.82 (1.76–1.87)

No 1 (Reference)

History of alcohol use

Yes 2.90 (2.68–3.14)

No 1 (Reference)

Abbreviations: CI, confidence interval; MHDs, mental health disorders.
All odds ratios were statistically significant with p < 0.0001.

Table 1 Comparison of characteristics between patients with
and without MHDs

Characteristics No MHDs
n ¼ 4336 (%)

MHDs
n ¼ 2424 (%)

Mean age � SD 49.32 � 10.69 50.54 � 9.43

Age

18–34 463 (10.7) 163 (6.7)

35–44 721 (16.6) 375 (15.5)

45–54 1461 (33.7) 908 (37.5)

55–64 1691 (39.0) 978 (40.4)

Sex

Male 2282 (52.6) 905 (37.3)

Female 2054 (47.4) 1519 (62.7)

US region

Northeast 816 (18.8) 371 (15.3)

Midwest 864 (19.9) 576 (23.8)

South 1576 (36.4) 945 (39.0)

West 1030 (23.8) 511 (21.1)

Unknown 50 (1.2) 21 (0.9)

History of
smoking

No 3196 (73.7) 1432 (59.1)

Yes 1140 (26.3) 992 (40.9)

History of alcohol
dependence

No 4280 (98.7) 2345 (96.7)

Yes 56 (1.3) 79 (3.3)

Type of cancer

Sinonasal 1895 (43.7) 968 (39.9)

Nasopharynx 2441 (56.3) 1456 (60.1)

Treatment modality

Chemotherapy

No 3405 (78.5) 1528 (63.0)

Yes 931 (21.5) 896 (37.0)

Radiation

No 3161 (72.9) 1347 (55.6)

Yes 1175 (27.1) 1077 (44.4)

Surgery

No 615 (14.2) 174 (7.2)

Yes 3721 (85.8) 2250 (92.8)

Abbreviations: MHDs, mental health disorders; SD, standard deviation.
All comparisons between the MHD and no MHD populations were
significant with p < 0.0001.
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Our data supports that the diagnosis of cancer is a risk
factor for MHDs. Possible explanations for the association
between skull base cancer and MHD include the major
craniofacial disfigurements associated with this particular
type of cancer as well as treatment modalities.5 Facial
disfigurement is a common adverse effect of local extension
and/or surgical treatment that imparts major social conse-
quences, in the form of employment discrimination and
interpersonal relationships.6 It can also affect the senses
resulting in a severe decline in quality of life. Vision changes
from surgery and radiation can lead to blindness.7 Anosmia
often presents as an initial symptom of sinonasal cancer and
is associated with a lower quality of life.8 Quality of life has
been shown to predict depression both in terms of diagnosis
and severity.9

The MHDs included in this study are depression, anxiety,
and adjustment disorder. In particular, 24.5% of the skull base
cancer patients received the diagnosis of depression, while
29.2% had anxiety disorder. A multicenter study that deli-
neated the rates of psychiatric disorders making up theMHD
diagnosis had 69% adjustment disorder, 13% major depres-
sive disorder, and 4% anxiety disorder. Unlike this study, we
observed a higher proportion of patients with diagnosis of
anxiety than depression. Higher prevalence of anxiety may
reflect the initial trauma associated with diagnosis since we
tracked patients up to 1 year after the cancer diagnosis.

Our second aim was to identify risk factors particularly
associated with skull base malignancies. We identified three
major risk factors—female gender, history of smoking, and

alcohol use. The strongest risk factor was alcohol use, which
was associated with 2.90 times the likelihood of developing
MHDs. The link between alcohol use and MHDs is well
established, and this value is similar to the reported value
in a study that investigated psychiatric comorbidities in
patients with alcohol and other drug use disorders
(OR ¼ 2.3).10 A plausible explanation for the higher OR may
indicate the heightened use of maladaptive chemical coping
mechanisms such as alcohol use after the acute stressor of
cancer diagnosis, further exacerbating their mental health.

After the initial evaluation of patients, it may be helpful to
identify this high-risk cohort with the routine use of CAGE or
Alcohol Use Disorders Identification Test (AUDIT) question-
naire.11 CAGE is an acronym for “cut-annoyed-guilty-eye
opener” which represents the four questions that can be
asked in an office setting to quickly screen for alcohol
dependence. For males, two “yes” responses are considered
a positive result, whereas for females, one “yes” would be a
positive result.12 The AUDIT is a reliable and validated 10-
item screening questionnaire that was developed by the
World Health Organization. These screening questionnaires
can be used in an outpatient setting during initial consulta-
tions or preoperative visits to capture those suffering from
MHDs and address the psychosocial issues that may exacer-
bate their treatment outcome.13,14

Our study showed that womenwith skull base neoplasms
are 2.18 times more likely to develop MHDs. There are two
possible explanations for this risk factor. Many studies illu-
strated that females utilizemental health servicesmore than
males, which make it easier to capture MHDs. Males are also
less likely to report mood symptoms and are less readily
captured in behavioral health studies examining MHD pre-
valence.15–18 Second, women are more likely to suffer from
mood disorders, which we measured as the proxy for MHDs.
On average, women are twice as more likely to be diagnosed
with a mood disorder than men, and our finding parallels
reported values in the literature.19,20 In terms of symptoms,
depressed women are more likely to experience somatic
symptoms than men, who are more likely to report
depressed mood not associated with fatigue and anxiety.21

The gender differences in symptomatology of mood disor-
ders may facilitate identification of those at risk.

History of smoking was the third significant risk factor
associated with 1.82 times the likelihood of developing
MHDs in the skull base cancer patients. Our finding corre-
sponds to the reported value in literature that smokers are
twice as likely to havemental illnesses in the United States.22

Additionally, geographic differences, age of diagnosis, type of
residence, and year of diagnosis were not significantly asso-
ciated with MHDs in skull base cancer patients.

Finally, our study revealed that psychological outcomes
differed slightly based on treatment modality. Highest pre-
valence of MHDs was observed in those who received radia-
tion therapy compared with other modalities. Radiation
could be a risk factor for MHDs because patients who under-
went this treatment modality may have higher staged
tumors than those who had definitive surgery. In reality,
most of the patients in this cohort received two or more

Fig. 1 Logistic regression plot of odds ratios and 95% confidence
intervals comparing patients who developed mental health disorders
(MHDs) after skull base cancer diagnosis to those who never MHDs
(p < 0.0001).
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treatment modalities. Presence of MHDs has been found to
be a significant factor influencing patients’ quality of life
undergoing radiotherapy.24 Assessing the level of mental
health comorbidity and need for psychosocial support will
be critical in patients receiving treatment, especially with
radiation.

Limitations
Retrospective studies may be subject to selection bias. Our
cohort was matched to a noncancer patient group by age,
gender, and exposure to cigarettes and alcohol to reduce such
bias. Moreover, this study may underestimate the prevalence
of MHDs as the selection criteria were based on the docu-
mentation of psychiatric diagnoses per ICD-9 codes. Patients
who developed anMHDmay not seek care. Accounting for the
missedpatientpopulationwill increasethenumberofpatients
suffering from MHDs in this cancer population. By excluding
antipsychotics, mood stabilizers, and antiepileptics used off-
label in psychiatric settings, we may have missed some skull
base cancer patients with MHDs. However, because cancer
patients suffer from significant emotional stress, cancer diag-
nosis ismuchmore commonlyassociatedwithmooddisorders
such as depression and anxiety.25 Health access is another
important factor that may contribute to a missed MHD diag-
nosis. Thosewhohad sufferedMHDs formany years priormay
not have accessed the healthcare system until the cancer
diagnosis for reasons that may involve the stigma associated
with seeking mental healthcare.26

According to the 2015 National Survey on Drug Use and
Health (NSDUH), 6.2% of the US population aged 18 or older
had alcohol use disorder, which is higher than the rate of
alcohol dependence we found in our study,27 demonstrating
a potential limitation of a claims-based database. NSDUH,
however, incorporates both alcohol abuse and dependence in
calculating the incidence, which would result in a higher
reported rate than our study results. For our study, we
classified alcohol dependence as the marker of alcoholism,
given that this would have a higher likelihood of being
captured bya claims-based database. However, this is depen-
dent on an accurate capture and billing of the ICD-9 codes for
alcohol dependence within the claims database.

Another potential limitation is that the extent of surgery
and stage of tumor were not included in this study. The stage
and extent of surgery may have direct correlation to post-
operative morbidities and possible MHD incidence.28 Infor-
mation on the extent of surgery may elucidate the role of
surgery in skull base cancer patients withMHDs. In addition,
quality of life metrics were not captured in this database.
MHDs are strongly associated with decreasing quality of life,
and data on the quality of life of skull base cancer patients
mayyield insight into specific domains affected by the cancer
diagnosis and treatment.29

Future Directions

To capture the patient population not utilizing mental health
services, we recommend a prospective study that identifies
MHDpatients by using both rating scales and a large database

of MHD diagnoses. This would help identify the uncaptured
population and allow for analysis of the differences between
those utilizing mental health services and those who do not.
However, given the rarityof this condition, a prospective study
will involve multi-institutional collaboration for a reportable
sample size. Future studies in elucidating the significance of
MHD prevalence will help improve the quality of life and
survivorship of the patients with skull base malignancies.

More research should be done on targeted interventions
to help prevent or manage mood disorders after the cancer
diagnosis to better meet the psychosocial needs of the
vulnerable patient population. As low socioeconomic status
is a well-known risk factor for mental illnesses, it will be
helpful to investigate the link between socioeconomic status
and MHDs in the skull base cohort.30 In-office screening of
MHDs with a questionnaire for all patients with skull base
malignancies would greatly improve identification of
patients suffering from these debilitating diseases and
improve the quality of care. Future research may evaluate
the efficacy of global screener of distress such as the distress
thermometer in this unique population.

Conclusion

MHDs remain poorly understood in the sinonasal and skull
base malignancy population. In a large-scale administrative
database, we found a baseline level of 22% MHD, which
increased significantly to 31% following the diagnosis.
Patients with MHDs were more likely to be women and
smokers. The levels of MHDs were higher than the general
population according to NSDUH. Psychosocial needs of
patients with skull base malignancies should be addressed
in treatment discussions routinely to facilitate recovery and
improve quality of life.
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