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Abstract

Background: Ovarian cancer is the fifth most common female cancer in the
United States. There have been very few studies investigating mental health diag-
noses among ovarian cancer survivors with long-term follow up. The aim of this
study is to examine the incidence of mental illness among ovarian cancer survi-
vors compared to a general population cohort. A secondary aim is to investigate
risk factors for mental illnesses among ovarian cancer survivors.

Patients and methods: Cohorts of 1689 ovarian cancer patients diagnosed be-
tween 1996 and 2012 and 7038 women without cancer matched by age and birth
state from the general population were identified. Mental health diagnoses were
identified from electronic medical records and statewide healthcare facilities
data. Cox proportional hazard models were used to estimate hazard ratios (HRs).
Results: Ovarian cancer survivors experienced increased risks of mental illnesses
within the first 2years after cancer diagnosis (HR = 3.55, 95% CI = 3.04-4.14).
The risks of depression among ovarian cancer survivors were nearly 3-fold within
the first 2years of cancer diagnosis (HR = 2.59, 95% CI = 1.94-3.47), and 1.69-
fold at 2-5years after cancer diagnosis (HR = 1.69, 95% CI = 1.18-2.42). Ovarian
cancer survivors experienced an 80% increased risk of death with a mental illness
diagnosis (HR = 1.80, 95% CI = 1.48-2.18) and a 94% increased risk of death with
a depression diagnosis (HR = 1.94, 95% CI = 1.56-2.40).
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1 | INTRODUCTION

Ovarian cancer is the fifth most common female cancer
and the fourth leading cause of cancer-related deaths
among women in the United States." Depression, anxi-
ety, and post-traumatic stress disorder (PTSD) have been
investigated in previous studies among ovarian can-
cer survivors. According to a meta-analysis including
3623 ovarian cancer patients from 24 studies, the prev-
alence was 12.7% for depression, and 27.1% for anxiety.2
However, in these previous studies, the sample sizes were
<800 ovarian cancer survivors and the follow-up periods
were up to 2years.” The prevalence increased by follow-up
time within 6 months after ovarian cancer diagnosis based
on six previous studies’ results.*® Previous studies have
suggested that worse physical functioning, younger age,
higher cancer stage, and not receiving chemotherapy
were risk factors for mental illness among ovarian cancer
survivors.'!!

There are no prior studies that investigated mental
health outcomes comprehensively in a large population-
based ovarian cancer cohort. Furthermore, very few stud-
ies have investigated the risk factors for mental illness in
ovarian cancer patients.'>!!

The purpose of the present study is to estimate the in-
cidence of mental health disorders among ovarian cancer
survivors in comparison with a general population cohort.
A secondary aim is to investigate risk factors for mental
illnesses among ovarian cancer survivors.

2 | METHODS

An initial cohort of 2793 ovarian cancer survivors was
identified from the statewide SEER Utah Cancer Registry
(UCR). Each ovarian cancer survivor was matched with
one to five cancer-free Utah residents from the Utah
Population Database (UPDB). The eligibility criteria were:
Women diagnosed with an invasive first primary ovarian
cancer at 18years of age or older, between 1996 and 2012
in the state of Utah (SEER ICD-0-3 codes: C569). A total
of 206 ovarian cancer patients were excluded: 122 because
their cancer stage was missing, 24 because an individual

Conclusions: Higher risks of mental illnesses were observed among ovarian can-
cer survivors throughout the follow-up periods of 0-2years and 2-5years after
cancer diagnosis. Multidisciplinary care is needed to monitor and treat mental
illnesses among ovarian cancer survivors.

mental health, mortality, ovarian neoplasms, quality of life, risk factors

from the general population could not be matched, and 60
because their Utah residence did not exceed 1year. There
were 1689 ovarian cancer survivors in the final study sam-
ple. 7038 women were matched with each ovarian can-
cer survivors by birth state, birth year, and follow-up time
from the non-cancer general population. This study was
approved by the University of Utah's Resource for Genetic
and Epidemiologic Research (the oversight committee
for the UPDB) and the University of Utah Institutional
Review Board.

Outcome data used for this study included statewide
ambulatory and inpatient data from the Utah Department
of Health and electronic medical record data from
Intermountain Health Care and the University of Utah
Health Sciences Center. Data from the UPDB included
records from the UCR, Utah driver's licenses, vital re-
cords, and the Utah Department of Health. Outcome data
included all available ICD-9 diagnosis codes and diagno-
sis dates for mental illnesses. The Clinical Classification
Software developed by the Health Cost and Utilization
Project was used to categorize ICD-9 codes into three lev-
els of specificity (Levels 1-3) (Table 3), with Level 1 being
the broadest (e.g., mental illness) down to Level 2 (e.g.,
mood disorders) and Level 3 being the most specific (e.g.,
depressive disorders). Follow-up time for incident cases
of each outcome was calculated from the ovarian cancer
survivor's initial cancer diagnosis to the date of diagnosis,
last date of follow-up, or date of death. The first date of
follow-up of the general population was established as the
date of diagnosis of their matched ovarian cancer survi-
vors. Individuals who did not have that outcome were cen-
sored at the date of last follow-up if that date fell within
the analysis period. Level 3 outcomes diagnosed prior to
the start of each analysis period were considered prevalent
cases of those outcomes, and individuals were excluded
from the relevant models. Level 2 outcomes were broader
and contained multiple disparate conditions; thus, we did
not exclude prevalent diagnoses."

Chi-square tests were used to compare baseline charac-
teristics between the ovarian cancer survivor and general
population cohorts. Cox proportional hazards (PH) mod-
els were used to calculate hazard ratios (HR) for long-term
mental illness outcomes and risk factors. Cox PH models
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were adjusted for matching factors (age and birth state),
baseline body mass index (bBMI), baseline Charlson
Comorbidity Index (bCCI), and race/ethnicity. The bCCI
was calculated using all medical record data prior to the
date of cancer diagnosis."* Cox proportional hazards mod-
els were also used to investigate risk factors for mental
illness among ovarian cancer survivors. Kaplan-Meier
survival curves were used to survival among patients with
and without overall mental illness/depression.

The PH assumption was checked for each model
using a test for nonzero slope of the Schoenfeld residuals
versus time. Models that were in violation of the PH as-
sumption were then fit with flexible parametric survival
models with restricted cubic splines. HRs from the Cox
PH models were reported where there were no substantive
differences.

Baseline BMI values at least 1year prior to ovarian
cancer diagnosis were calculated from the driver's license
records for both cohorts. For individuals missing BMI, val-
ues were imputed using fully conditional specification dis-
criminant function methods with cancer diagnosis, bCCI,
and age at ovarian cancer diagnosis as covariates. Models
were run with and without the imputed values to assure
that the inferences did not change due to the imputation
of BMI. All statistical tests were two-sided, and a p <0.05
was considered statistically significant. Analyses were
performed using SAS 9.4, except the Flex Spline model
using Stata 17.

3 | RESULTS

Ovarian cancer survivors had a higher proportion of
having a baseline comorbidity compared to the general
population cohort (36.9% vs. 30.7%) (Table 1). A higher
proportion of ovarian cancer survivors were obese at base-
line compared to the general population cohort. Based on
county level socioeconomic factors, there did not appear
to be strong differences between the ovarian cancer survi-
vor and general population cohorts. The mean follow-up
times were 4.75 (SD = 4.94) years for ovarian cancer sur-
vivors and 8.76 (SD = 4.83) for the general population co-
hort. Although matched on birth year, individuals in the
general population cohort with a diagnosis of cancer were
excluded from this analysis which resulted in differences
for age at the end of follow-up.

Approximately 67.6% of the ovarian cancer survivors
were diagnosed at distant stage, and 51.7% with a histol-
ogy subtype of high-grade serous (Table 2). The majority
of ovarian cancer survivors (47.5%) received combined
treatment of surgery and chemotherapy.

An overview of adjusted HRs is shown in Figure 1. The
risk for any mental health diagnosis of ovarian cancer
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survivors was increased at 0-2years after cancer diag-
nosis in comparison with the general population cohort
(HR = 3.55,95% CI = 3.04-4.14; Table 3). The proportion
of ovarian cancer patients diagnosed with any mental
health diagnosis was 34.2% at 0-2years, 27.8% at 2-5years,
and 36.3% at >5years from diagnosis. Ovarian cancer
survivors had increased risks of depression, anxiety, and
adjustment disorders in comparison with the general pop-
ulation cohort. The risks of depression among ovarian
cancer survivors were 3-fold at 0-2years (HR = 2.59, 95%
CI = 1.94-3.47), and 1.69-fold at 2-5years after cancer di-
agnosis (HR = 1.69, 95% CI = 1.18-2.42). The risk of anxi-
ety disorder among ovarian cancer survivors was 3.54-fold
at 0-2years (HR = 3.48, 95% CI = 2.81-4.31), and 1.86-
fold at 2-5years (HR = 1.88, 95% CI = 1.15-3.05). Table
S1 shows similarly increased risks for mental health disor-
ders without the adjustment of matching factors (age and
birth state).

Elevated risk for adjustment disorders was observed
among ovarian cancer survivors compared with the gen-
eral population cohort between 0-2years ((HR = 4.83,
95% CI = 2.46-9.50) and between 2-5years (HR = 4.52,
95% CI = 1.06-19.31). Increased risk for bipolar disorder
diagnosis was observed among ovarian cancer at 0-2years
(HR = 2.23,95% CI = 1.12-4.44) compared to the general
population cohort. Although not statistically significant,
an increased risk of bipolar disorder was also observed
at 2-5years (HR = 1.87, 95% CI = 0.64-5.45). Ovarian
cancer survivors were more likely to be diagnosed with
schizophrenia and other psychotic disorders during
0-2years (HR = 4.11, 95% CI = 1.81-9.32) and 2-5years
(HR = 3.65, 95% CI = 1.45-9.20) after cancer diagnosis.
The risk of substance-related disorder among ovarian can-
cer survivors were also increased at 0-2years (HR = 5.68,
95% CI = 2.92-11.02) and 2-5years after cancer diagnosis
(HR = 2.64, 95% CI = 0.86-8.10).

Cancer treatment and later diagnosis year were as-
sociated with an increased risk of any mental illness at
0-2years after cancer diagnosis among ovarian cancer
survivors (Table 4). Distant-stage cancer was an important
risk factor compared to early-stage for both mental illness
and depression among ovarian cancer survivors in all time
periods. Ovarian cancer patients who had a mucinous
histology subtype had 47% decreased risk of any mental
illness and 67% decreased risk of depression at 0-2years,
compared to those with high-grade serous histology sub-
type. In addition, a bCCI score of 1+ was associated with
the increased risk of depression at 0-2years after cancer
diagnosis. Older age at cancer diagnosis (>60years old)
was associated with the risk of any mental illness and
depression >5years after cancer diagnosis compared to
younger age at diagnosis (=<60years old). We also inves-
tigated the contribution of race, ethnicity, rural residence,
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TABLE 1 Demographic characteristics of ovarian cancer survivor and the general population cohorts

Age at end of follow-up (years)
<44
45-54
55-64
65-74
75-84
85+
Ethnicity
Hispanic
Non-Hispanic
Race
White
Black
Native American
Asian
Pacific Islander
Baseline BMI (kg/m?)
<18.5
18.5-24.9
25-29.9
30+
Baseline CCI
0
>1
Follow-up period (years)
0-1
1-5
5-10
10-15
15+
Vital status
Dead
Alive
Family history of ovarian cancer®
Yes
No
% Bachelors degree®
<15%
15%-24.9%
>25%
% Families below povertyb
<7%
7%-9%
>9%

N (%)

Ovarian cancer (N = 1689)

139 (8.2)
233(13.2)
391(23.2)
409 (24.2)
379 (22.4)
148 (8.8)

121 (7.1)
1564 (92.6)

1656 (98.1)
2(0.1)
8(0.5)

12 (0.7)
4(0.2)

44 (2.6)
814 (48.2)
489 (29.0)
342(20.3)

1066 (63.11)
623 (36.9)

443 (26.2)
666 (39.4)
314 (18.6)
155(9.2)
111 (6.6)

1126 (66.7)
563 (33.3)

168 (11.0)
1503 (89.0)

99 (5.9)
382 (22.6)
1208 (71.5)

1003 (59.4)
492 (29.1)
194 (11.5)

General population (N = 7038)

466 (6.6)
673 (9.6)
1417 (20.1)
1687 (24.0)
1589 (22.6)
1206 (17.1)

392 (5.6)
4766 (67.7)

6591 (93.7)
22(0.3)
40 (0.6)

120 (1.7)
30(0.4)

172 (2.4)
3382 (48.1)
2199 (31.2)
1285 (18.3)

4475 (69.3)
2163 (30.7)

68 (1.0)
1937 (27.5)
2313 (32.9)
1765 (25.1)

955 (13.6)

1403 (20.0)
5625 (80.1)

550 (7.9)
6488 (92.1)

441 (6.3)
1706 (24.2)
4891 (69.5)

4138 (58.8)
2030 (28.8)
870 (12.4)

p-value for Chi-square

<0.001

0.5708

<0.001

0.147

<0.001

<0.001

<0.001

0.206

0.264

0.614
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Ovarian cancer (N = 1689)

Median family income®
<50,000
>50,000

285 (16.9)
1404 (83.1)

Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index.
*Included family history of first, second and third degree relatives.

At county level.

TABLE 2 Clinical characteristics of ovarian cancer survivors

Ovarian cancer
(N =1689) (n [%])

Diagnosis year

1996-1999 369 (21.9)
2000-2004 401 (23.7)
2005-2009 382 (22.6)
2010-2012 537 (31.8)
Age at diagnosis
<40 144 (8.53)
40-49 240 (14.2)
50-59 377 (22.3)
60-69 365 (21.6)
70-79 363 (21.5)
80+ 200 (11.8)
Cancer stage
Local 295 (17.5)
Regional 253 (15.0)
Distant 1141 (67.6)
Histology
High-grade serous 873 (51.7)
Low-grade serous 17 (1.0)
Endometrioid 143 (8.5)
Mucinous 115 (6.8)
Clear cell 94 (5.6)
Carcinosarcoma 38 (2.3)
Carcinoma, NOS 245 (14.5)
Other® 164 (9.7)
Treatment
Surgery only 4438 (26.5)
Radiation only 60 (3.6)
Chemotherapy only 155(9.2)
Surgery and chemotherapy 803 (47.5)
Other® 16 (1.0)
No treatment 207 (12.3)

“Including Malignant Brenner, Mixed, Non-specific.

®Including combination of radiation and surgery, combination of radiation
and chemotherapy.

General population (N = 7038) p-value for Chi-square

1224 (17.4)
5814 (82.6)

0.614

and socioeconomic factors to mental illness risks, but did
not observe any associations (data not shown).

Figure 2(a) shows the overall survival among ovarian
cancer patients who were diagnosed at any point during
follow-up with any mental illness or depression and pa-
tients who were not diagnosed with these diseases. After
adjusting for age at diagnosis, bBMI and bCCI, ovarian
cancer survivors with any mental illness had an increased
risk of death (HR = 1.80, 95% CI = 1.48-2.18) and ovar-
ian cancer survivors with depression also had increased
risk of death (HR = 1.94, 95% CI = 1.56-2.40) compared
to ovarian cancer patients without mental illnesses or de-
pression. By stratifying by the cancer stage, Figure 2(b)
indicates the significant disparity of the overall survival
between ovarian cancer patients with or without any men-
tal illness/depression during follow-up period among dif-
ferent cancer stages.

4 | DISCUSSION

To our knowledge, this is the first study estimating the risk
of mental illness diagnoses among ovarian cancer survi-
vors compared to a general population of women without
cancer, and the first to follow ovarian cancer patients over
both short-term and long-term periods. Our analyses show
that ovarian cancer survivors had increased risks of vari-
ous mental illnesses compared to the general population,
as well as higher risks of psychological disorders including
adjustment disorder, anxiety disorder, delirium dementia,
and cognitive disorder, mood disorder (bipolar and de-
pression disorder), schizophrenia and other psychotic dis-
orders, and substance-related disorders. We also observed
that distant-stage disease was a significant risk factor for
both mental illnesses overall and depression among ovar-
ian cancer patients. Ovarian cancer survivors with mental
illnesses or depression had lower survival time than those
without these diagnoses. Our findings provide further evi-
dence of the psychological burden among ovarian cancer
survivors and highlight the need to improve mental health
support for ovarian cancer patients.
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Mental Diagnosis HR detail
Mental illness
3.55 (3.04-4.14)* 3.55 (3.04-4.14)*
1.38 (1.03-1.84) +l- 1.38 (1.03-1.84)
Adjustment disorder
4.83 (2.42-9.50) 4.83 (2.42-9.50)
4.51 (1.05-19.31) 0 4.51(1.05-19.31)
Anxiety disorder
3.48 (2.80-4.31)* 3.48 (2.80-4.31)*
1.88 (1.15-3.04) el 1.88 (1.15-3.04)
Delirium dementia and cognitive disorders
2.19 (1.50-3.18)* 2.19 (1.50-3.18)*
0.96 (0.46-2.04) =l 0.96 (0.46-2.04)
Mood disorders
3.35 (2.68-4.18) 3.35(2.68-4.18)
1.89 (1.23-2.93) =l 1.89 (1.23-2.93)
Bipolar disorders
2.23 (1.12-4.44)* 2.23 (1.12-4.44)
1.87 (0.65-5.45) s |87 (0.65-5.45)
Depressive disorder
2.59 (1.94-3.46)* 2.59 (1.94-3.46)"
1.68 (1.18-2.42) = 1.68 (1.18- 2.42)
Substance-related disorders
5.68 (2.92-11.02) 5.68 (2.92-11.02) 0-2 Years 25 Years M

2.64 (0.86-8.10)

— 2,64 (0.86-8.10)

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I 1 I I I I I
012 3 4567 8 91011121314151617 1819 20 21 22 23 24

HR (95%)

FIGURE 1 Adjusted hazard ratios for mental illness among ovarian cancer survivors in comparison to the general population cohort.

HR, hazard ratio.

We identified significantly increased risks of mental
illnesses among ovarian cancer survivors compared to the
general population, especially for depression and anxiety
disorders. Similar observations regarding the high inci-
dence of depression and anxiety within 2 years after cancer
diagnosis were reported in previous studies.'*'® Similar to
results from our study, a prior study suggested that ovar-
ian cancer patients experienced lower risks of depression
and anxiety after a long time (>30months) since cancer
diagnosis.'*'® Some potential reasons behind lower risks
of mental illnesses after a long time since cancer diag-
nosis: High mortality of ovarian cancer survivors with
mental illnesses, or possibly adjustment of emotion and
greater acceptance of their ovarian cancer diagnosis.'*™°
Previous studies indicated that psychological distress may
be a powerful indicator to predict mortality of cancer in
general.'”'® Our findings provide further evidence that
ovarian cancer survivors with depression had a 94% in-
crease in the risk of death, which indicates that mental
illness diagnoses may be an important prognostic factor
for ovarian cancer patients.

Our findings are consistent with prior studies indicat-
ing that cancer patients experience elevated risks of ad-
justment disorder.'** In our study, the risk of adjustment
disorder in cancer group was nearly five-times higher
than the general population cohort at 0-2years, and the

relative risk was higher at 2-5years after cancer diagno-
sis. However, the essential features of adjustment disorder
may be resolved if the individual is able to adapt to the
situation and rarely lasts longer than six months,*! which
is in contrast to the long-term effect of adjustment dis-
order observed in our study. The possible reason may be
that ovarian cancer patients continue to experience var-
ious events after cancer diagnosis, including medication
consultation, massive surgery, and severe side effects of
chemotherapy and radiation therapy.*

Long-term substance abuse may be a trigger for bipolar
disorder and schizophrenia.* Our study results suggested
that ovarian cancer survivors were three-time more likely
to experience bipolar disorder and were four-times more
likely to develop schizophrenia at 0-5years compared to
the general population. Schizophrenia and bipolar dis-
orders are commonly diagnosed during adolescence and
early adulthood.?*** Prior studies also reported that more
than 69% of schizophrenia and bipolar disorders were
misdiagnosed or not receiving appropriate care.*>*® Thus,
ovarian cancer survivors may have had more health-
care visits where perhaps they were diagnosed with pre-
existing psychiatric disorders,”” which may explain the
increased risks of schizophrenia and bipolar disorders in
our study. Thus, due to the high potential of medication
side effects and increased suicide rates of schizophrenia
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and bipolar disorder,”® early identification of patients in
need of psychological treatment is important for both
healthcare professionals and ovarian cancer patients.

Among risk factors for mental illnesses, ovarian can-
cer survivors who receive combined treatment of surgery
and chemotherapy had an elevated risk of any mental ill-
ness. This finding is consistent with the existing studies
that ovarian cancer patients with surgery and adjuvant
chemotherapy were more likely to experience mental dis-
orders due to poor body image, side effects from treatment
such as nausea and fatigue, and other fatal diseases.'* In
addition, the elevated risks of mental illnesses in ovarian
cancer survivorship may be explained by the long-term
side effect of chemotherapy, such as pain, dyspnea, appe-
tite loss, and neuropathy symptoms, lower quality of life,
which may last for up to 12years.”® Previous studies also
reported ovarian cancer patients with surgical oophorec-
tomy were significantly more likely to report mental prob-
lems,*® although these differences were not statistically
significant in our study.

Compared to local-stage ovarian cancer, our study
suggests that distant-stage ovarian cancer may be a po-
tential risk factor of any mental illness and depression.
Our results are consistent with findings from prior re-
search reporting that ovarian cancer patients with more
advanced or recurrent disease have greater psychological
distress,'*!* which might be explained by poor treatment
response, severe treatment side effects and worse progno-
sis.*™*? In contrast, one previous study reported that the
stage of ovarian cancer has no association with worse
mental health outcomes; however, the sample size was
small (n = 100)."° In addition, the reduced risk with mu-
cinous histology subtype was associated with any mental
illness and depression, compared with high-grade serous
histology subtype. This was consistent with previous clin-
ical knowledge that early-stage mucinous ovarian cancer
patients have up to 90% survival rate, and surgery alone is
often sufficient.** The majority of mucinous ovarian can-
cer (66.09%) in our study population were diagnosed with
early-stage disease.

We observed that ovarian cancer survivors who have
developed mental illness or depression also had increased
risks of death. Notably, the mortality risks in our study
were higher than the mortality risks in a population-based
study of other types' cancer, which the risks ranged from
1.03 to 1.29, compared to the cancer patients without psy-
chological distress.*** The reason may be that more than
75% of ovarian cancer patients are diagnosed with ad-
vanced cancer stage compared to other cancer patients,*®
which may cause tremendous mental burden.

The major strength of this study is the population-
based design with a large sample size of over 1600 ovar-
ian cancer survivors. This large population allowed us to

95% CI
(1.01- 3.54)

Depression
Reference
1.89

HR

(1.31- 4.08)

>5years after cancer diagnosis
95% CI

Mental illness
Reference
2.31

HR

95% CI
(0.73-1.85)

Depression
Reference
1.16

HR

2-5years after cancer diagnosis
Mental illness

95% CI
Reference

(0.83-1.88)

1.25

HR

95% CI
(0.54-1.02)

Depression
Reference
0.75

HR

95% CI
(0.71-1.13)

0-2years after cancer diagnosis

Mental illness
Reference
0.89

HR

<60
>60

Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity Index; CI, confidence interval; HR, hazard ratio.

#Adjusted for race/ethnicity, baseline BMI, baseline CCI, cancer stage, age at diagnosis, income and education.

bAdjusted for race/ethnicity, baseline BMI, diagnosis year, age at diagnosis, income and education.
dAdjusted for race/ethnicity, baseline BMI, age at diagnosis, diagnosis year, income and education.

“Adjusted for baseline BMI and baseline CCI.
fAdjusted for race/ethnicity, diagnosis age, income and education.

TABLE 4 (Continued)

Note: Bold value indicates statistical significance (p <0.05).
°Adjusted for race/ethnicity and age at diagnosis.
8Adjusted for race/ethnicity and cancer stage.

hIncluding Malignant Brenner, Mixed, Non-specific.

Age at diagnosis (y)®

Factors
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FIGURE 2 (a)Kaplan-Meier survival curves for ovarian cancer survivors with/without depression (A) and Any mental illness (B)
adjusting for baseline BMI, Baseline CCI and age at Diagnosis. (b) Kaplan-Meier survival curves for ovarian cancer survivors with/without
depression alone (A) and Any mental illness (B), Stratified by cancer stage, adjusting for baseline BMI, Baseline CCI and age at diagnosis.

BMI, body mass index; CCI, Charlson comorbidity index.

study both common and rare mental health outcomes over
a long-term (up to 20years) follow-up period. The elec-
tronic medical record data from two of the largest health-
care providers in Utah (Intermountain Healthcare and
University of Utah Healthcare) improve our capability to
capture the important information that included patients
at physical and psychological functioning. Additionally,
this study does not rely on self-reported data, which mini-
mizes recall error and survival bias.

This study also has a number of limitations. First, elec-
tronic medical record data led to a risk of coding errors
which may overlook the true impact of mental illnesses
among ovarian cancer survivors. Second, another limita-
tion is missing bBMI data in some participants, which we
calculated by imputation. However, we conducted sensi-
tivity analysis to assure that the imputed BMI value did not
influence the inferences in our study. Third, the treatment
category on medical records was broad which also limited
our analysis. Fourth, the high mortality rate of ovarian

cancer patients and long-term property in our study may
still result in survival bias, which could underestimate the
impacts of mental illnesses among ovarian cancer survi-
vors. Fifth, recurrence information is not available in this
study, which could be a strong risk factor for both mental
illness and mortality.

In summary, compared to the general population, the
risks of a range of mental disorders were elevated among
ovarian cancer survivors. These risks were decreased over
the follow up years, but they remained high even in long-
term follow-up, compared with the general population.
We identified several potential determinants of mental ill-
ness and depression among ovarian cancer survivors, such
as the treatment regimen including surgery and chemo-
therapy, distant cancer stage, mucinous histology subtype,
and higher baseline CCI. This finding emphasizes the im-
portance of providing psychological support after cancer
diagnosis and provides new insight to potentially prolong
the lives of ovarian cancer survivors.
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