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Abstract
Background Anxiety and depression are more frequent in cancer patients than general population and may be correlated with
cancer prognosis; however, their value in prostate cancer patients is largely unknown. We aimed to evaluate prevalence of
anxiety and depression in prostate cancer survivors post the surgeries, and their correlations with patients’ disease-free survival
(DFS) and overall survival (OS).
Methods A hundred and ninety-four patients with prostate cancer who underwent radical prostatectomy were enrolled. After
discharged from hospital, patients were assessed for post-surgery anxiety and depression every 3 months using Zung Self-rating
Anxiety/Depression Scale (SAS/SDS) for a total of 36 months. In addition, disease conditions, DFS, and OS were also
documented.
Results SAS score (P < 0.001), anxiety rate (P = 0.004), SDS score (P < 0.001), and depression rate (P < 0.001) gradually
elevated from baseline to month 36 in prostate cancer patients. Anxiety at baseline (P = 0.009) and anxiety at 3 years (P =
0.017) were correlated with worse DFS, and anxiety at baseline (P = 0.009) was also correlated with shorter OS in prostate cancer
patients. Furthermore, depression at baseline (P = 0.005) and depression at 2 years (P = 0.008) were associated with unfavorable
DFS, and depression at baseline (P = 0.001), 1 year (P = 0.025), and 2 years (P = 0.008) were associated with worse OS in
prostate cancer patients. Moreover, multivariate Cox’s proportional hazards regression analysis elucidated that depression at
baseline (P = 0.027) was an independent predictive factor for shorter DFS in prostate cancer patients.
Conclusion Anxiety and depression both gradually deteriorate, and they correlate with unfavorable survival profile in prostate
cancer patients after radical prostatectomy.

Keywords Anxiety . Depression . Disease-free survival . Overall survival . Prostate cancer

Introduction

Anxiety and depression have long been the most common
mental disorders that impact on approximately 6–7% of the
worldwide population, and they often coexist in the same
individual [1, 2]. These mental disorders not only sabotage
psychiatric health but also result in physical dysfunction, such
as increasing cardiovascular disease risk and cause fatigue in

affected individuals [3, 4]. In the past decades, anxiety and
depression are more and more noted in cancer patients as they
tend to have obviously increased prevalence in cancer patients
than in the general populations [5, 6]. The mechanism under-
lying the occurrence of anxiety and depression in cancer pa-
tients is complex. Nowadays, several possible mechanisms
including the change of biopsychosocial status, some anti-
tumor drugs, and neuron affected tumors have been implied
[7–9]. However, although anxiety and depression present with
a relatively high prevalence in cancer patients, very limited
patients can obtain proper intervention, what’s worse is that
these two mental disorders are increasingly reported to be
correlated with worse prognosis [10, 11].

Among males, prostate cancer is currently the most fre-
quent cancer in over a half of countries worldwide [12].
Prostate cancer treatments are categorized by the disease
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condition; for localized patients, the first line methods are
prostatectomy and radio-therapy, and for metastatic patients,
hormone therapy and chemotherapy are the most frequently
applied methods in practice [13, 14]. Most of the patients with
prostate cancer present with a favorable survival profile; there-
fore, the number of prostate cancer survivors after the surger-
ies is very considerable; although survived from the disease,
patients have to confront various issues that often im-
pairs their health status and quality of life, such as the
fear of relapse and decrease of physical function [15,
16] . Recent ly, there have been reports of the

development of anxiety and depression in prostate can-
cer survivors, which is not surprising in view of the
incidence of these two mental disorders in other cancers
[17], while the impact of anxiety and/or depression on
prostate cancer patients’ clinical outcome remains am-
biguous, and corresponding studies are very few.

Therefore, we investigated the prevalence of anxiety
and depression in prostate cancer survivors post the sur-
geries, and their correlations with patients’ disease-free
survival (DFS) as well as overall survival (OS) in this
current study.

Table 1 Clinical characteristics
of patients Items Prostate cancer patients (N = 194)

Demographics

Age (years), M ± D 62.5 ± 9.0

Education duration (years), median (IQR) 9.0 (6.0–12.0)

Marry status, no. (%)

Married 129 (66.5)

Single/divorced/widowed 65 (33.5)

Employment status before surgery, no. (%)

Employed 66 (34.0)

Unemployed 128 (66.0)

Smoker, no. (%) 84 (43.3)

Comorbidities

Hypertension, no. (%) 83 (42.8)

Hyperlipidemia, no. (%) 45 (23.2)

Diabetes, no. (%) 35 (18.0)

CKD, no. (%) 32 (16.5)

Disease features

PSA level, no. (%)

≤ 10 ng/ml 46 (23.7)

10–20 ng/ml 100 (51.5)

≥ 10–20 ng/ml 48 (24.8)

Gleason score, no. (%)

≤ 6 44 (22.7)

7 107 (55.2)

≥ 8 43 (22.1)

Pathological T stage, no. (%)

pT2 112 (57.7)

pT3 76 (39.2)

pT4 6 (3.1)

Pathological N stage, no. (%)

pN0 140 (72.2)

pN1 54 (27.8)

Surgical margin status, no. (%)

Negative 160 (82.5)

Positive 34 (17.5)

M± SD, mean ± standard deviation; IQR, interquartile range;CKD, chronic kidney disease; PSA, prostate-specific
antigen
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Methods

Patients

From January 2015 to December 2016, 194 patients
with prostate cancer who underwent radical prostatecto-
my in our hospital were consecutively enrolled in this
study. The eligible criteria for enrollment were as fol-
lows: (1) confirmed diagnosis of primary prostate cancer
based on histopathological verification of adenocarcino-
ma in prostate biopsy cores; (2) age ≥ 18 years; (3)
underwent radical prostatectomy; (4) able to understand
the study consents and complete the anxiety and depres-
sion assessments; (5) willing to comply with follow-up
schedule. Patients with following conditions were not
included in the study: (1) known other serious mental
disorders (excepting anxiety and depression); (2) severe
cognitive impairment; (3) history of severe neurological
diseases or neurodegenerative disease; (4) complicated
with other cancers. All patients signed the informed
consents before enrollment. The Institutional Review

Board of our hospital approved the current study before
initiation.

Baseline data collection and assessment

Patients’ clinical characteristics, including demographics
(age, gender, education duration, marry status, employ-
ment status before surgery, and smoke status), comor-
bidities (hypertension, hyperlipidemia, diabetes, and
chronic kidney disease (CKD)), and disease features
(prostate-specific antigen (PSA) level, Gleason score,
pathological T stage, pathological N stage, surgical mar-
gin status), were documented in case report forms on
the day of hospital discharge that was defined as base-
line (M0). Meanwhile, assessment of anxiety and de-
pression using Zung Self-rating Anxiety/Depression
Scale (SAS/SDS) was performed at that time. The as-
sessment was performed by filling the questionnaire by
the patients themselves guided by the doctors or nurses,
who were blinded to the clinical features of each pa-
tient. In detail, before assessment, investigator provided

Fig. 1 SAS score and anxiety rate at each follow-up. The SAS score at each follow-up (a), and anxiety rate at each follow-up (b) in prostate cancer
patients after surgery. SAS, Zung Self-rating Anxiety scale

Fig. 2 SDS score and depression rate at each follow-up. The SDS score at each follow-up (a), and depression rate at each follow-up (b) in prostate cancer
patients after surgery. SDS, Zung Self-rating Depression scale
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instructions about how to fill in the scales, then patients
were required to complete the SAS and SDS by
themselves.

Follow-up and assessment

After discharged from hospital, patients were instructed to
return to hospital for assessment of anxiety and depression
every 3 months (at month 3 (M3), M6, M9, M12, M15,
M18,M21,M24,M27,M30,M33, andM36). The trimonthly
assessment was continuously performed for a total of
36 months, and the SAS and SDS scores were calculated at
each time point. For patients who lost follow-up, the last
assessed SAS and SDS scores were used as subsequent miss-
ing scores. Besides, in each clinic visit, disease conditions and
survival status of patients were documented for evaluation of
disease-free survival (DFS) and overall survival (OS).

Anxiety and depression definitions by SAS and SDS

There were 20 items in SAS and SDS. Each item was scored
as 1–4 points individually, resulting in a 20–80 raw score. The
standard score was calculated by multiplying raw scores by
1.25; as a result, the final standard score was ranging
from 25~100 points. The anxiety was defined as SAS
score ≥ 50; similarly, the depression was defined as SDS score
≥ 50 [18, 19].

Statistical analysis

Data were presented as mean with standard deviation (M ±
SD), median with interquartile range (IQR), or number with
percentage (no. (%)). The data distribution was assessed by
the Kolmogorov-Smirnov test. Variation tendency of SAS
and SDS score was determined by analysis of variance
(ANOVA) followed by the Dunnett test for repeated measure-
ments. Variation tendency of anxiety and depression rate was
determined by chi-square test for trend. DFS was calculated
from the date of surgery to the date of disease relapse, or
patients’ death; OS was calculated from the date of surgery
to the date of patients’ death. Both DFS and OS were
displayed by Kaplan-Meier curves, and the comparison of
DFS and OS between different subjects was determined by
Log-rank test. All potential factors related to DFS or OS were
included in conditional multivariate Cox’s proportional haz-
ards regression with forward stepwise method to analyze the

independent factors. Statistical significance was set at P value
< 0.05. SPSS 22.0 statistical software (IBM, Chicago, IL,
USA) and GraphPad Prism 7.02 (GraphPad Software Inc.,
San Diego, California, USA) were applied for statistical data
processing and graphs plotting.

Results

Characteristics of prostate cancer patients

Among 194 prostate cancer patients in this study, the mean
age was 62.5 ± 9.0 years (Table 1). The median of education
duration was 9.0 (6.0–12.0) years, then the numbers of pa-
tients with a marry status of married and single/divorced/
widowed were 65 (33.5%) and 129 (66.5%), respectively. In
addition, there were 128 (66.0%) employed patients and 66
(34.0%) unemployed patients before surgery. The number of
smokers was 84 (43.3%). In terms of disease features, the
numbers of patients with PSA level ≤ 10 ng/ml, 10–20 ng/ml,
and ≥ 10–20 ng/ml were 44 (22.7%), 107 (55.2%), and 43
(22.2%), respectively. There were 44 (22.7%) patients who
had Gleason score ≤ 6, 107 (55.2%) patients who had
Gleason score of 7, and 43 (22.2%) patients who had
Gleason score ≥ 8. And the numbers of patients who had a
negative surgical margin and patients who had a positive sur-
gical margin were 160 (82.5%) and 234 (17.5%), respectively.
The other detailed information regarding comorbidities and
disease features could be seen in Table 1.

Anxiety and depression in prostate cancer patients

At M0, the anxiety rate and depression rate in prostate cancer
patients after radical prostatectomy were 44.8% and 34.0%,
respectively. From M0 to M36, in terms of anxiety, the SAS
score (P < 0.001) (Fig. 1a) and anxiety rate (P = 0.004) (Fig.
1b) were gradually increased in prostate cancer patients. In
regard to depression, the SDS score (P < 0.001) (Fig. 2a)
and depression rate (P < 0.001) (Fig. 2b) were also constantly
elevated, and the increase of depression rate numerically
exceeded that of anxiety rate. These data indicated that anxiety
and depression both became increasingly worse in prostate
cancer survivors after radical prostatectomy.

Difference in survival between patients with anxiety
and patients without anxiety

Anxiety at baseline (P = 0.009) (Fig. 3a) and anxiety at 3 years
(P = 0.017) (Fig. 3d) were correlated with worse DFS in pros-
tate cancer survivors post the surgeries, while anxiety at 1 year
(P = 0.253) (Fig. 3b) or anxiety at 2 years (P = 0.059) (Fig. 3c)
was not correlated with DFS. As for OS, anxiety at baseline
(P = 0.009) (Fig. 3e) associated with shorter OS in prostate

�Fig. 3 Anxiety correlated with worse DFS and OS. Difference of DFS in
prostate cancer patients with anxiety and patients without anxiety at
baseline (a), 1 year (b), 2 years (c), and 3 years (d); difference of OS in
prostate cancer patients with anxiety and without anxiety at baseline (e),
1 year (f), 2 years (g), and 3 years (h). DFS, disease-free survival; OS,
overall survival; HR, hazard ratio; 95% CI, 95% confidence interval
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cancer survivors post the surgeries, but anxiety at 1 year (P =
0.068) (Fig. 3f), anxiety at 2 years (P = 0.565) (Fig. 3g), or
anxiety at 3 years (P = 0.140) (Fig. 3h) was not associated
with OS. These results suggested that the survival profile
was worse in prostate cancer patients with anxiety.

Difference in survivals between patients with
depression and patients without depression

Depression at baseline (P = 0.005) (Fig. 4a) and depression at
2 years (P = 0.008) (Fig. 4c) were correlated with unfavorable
DFS in prostate cancer survivors post the surgeries, while
depression at 1 year (P = 0.091) (Fig. 4b) or depression at
3 years (P = 0.122) (Fig. 4d) was not associated with DFS.
Moreover, depression at baseline (P = 0.001) (Fig. 4e), de-
pression at 1 year (P = 0.025) (Fig. 4f), and depression at
2 years (P = 0.008) (Fig. 4g) were associated with wore OS,
but depression at 3 years (P = 0.553) (Fig. 4h) was not corre-
lated with OS. These implied that the survival profile was
unfavorable in prostate cancer patients with depression.

Analyses of independent factors related to survival

Furthermore, multivariate Cox’s proportional hazards regres-
sion analysis disclosed that depression at baseline (P = 0.027)
(HR = 1.796) was a factor that could independently predict
shorter DFS in prostate cancer patients after radical prostatec-
tomy, besides, the other independent predictive factors for
worse DFS were higher Gleason score (P = 0.013) (HR =
1.638) and positive surgical margin (P = 0.040) (HR =
1.828) (Table 2). In addition, regarding OS, higher Gleason
score (P = 0.014) (HR = 2.007), higher pathological T stage
(P = 0.001) (HR = 2.630), and positive surgical margin (P =
0.003) (HR = 3.134) were independent predictive factors for
worse OS (Table 3). These findings suggested that depression

at baseline was independently correlated with an elevated risk
of relapse in prostate cancer patients.

Discussion

It is relatively established that anxiety and depression are more
likely to occur in cancer patients than in healthy population,
with reported prevalence of clinically documented anxiety and
depression at approximately 20% and 10% according to a
previous meta-analysis [5]. While for prostate cancer, neither
the epidemiology of anxiety and depression nor the correla-
tion of anxiety and depression with patients’ outcome is well
investigated. Therefore, we conducted this study, and found in
prostate cancer survivors post the surgeries the following: (1)
prevalence of anxiety and depression post the surgeries was
44.8% and 34.0%, respectively; then anxiety and depression
both gradually worsened throughout the 3-year follow-up du-
ration. (2) Anxiety and depression both correlated with worse
DFS and OS, and baseline depression was an independent
predictive factor for unfavorable DFS.

Throughout the long follow-up time of 3 years in the pros-
tate cancer survivors post the surgeries, we found that the
prevalence of anxiety and depression was 44.8% and 34.0%,
respectively, and the score and prevalence of anxiety and de-
pression constantly increased from M0 to M36, which obvi-
ously caught our attention of the need in psychiatric manage-
ment. In the previous studies of other cancers, anxiety and
depression are also abundantly reported. Such as, a study re-
ports that the prevalence of depressed symptoms assessed by
Patient Health Questionnaire-2 (PHQ-2) scale and anxious
symptoms assessed by Generalized Anxiety Disorder-2
(GAD-2) scale in breast cancer patients are 38.2% and
32.2%, respectively [20]. And a register-based study that en-
rolls 3370 working age cancer survivors (who are diagnosed
with cancer 25–55 years before) illuminates that 40% of the
participants present with moderate to high anxiety score
(assessed by German version of HADS scale) [21].
Additionally, a study with a large sample size of 29,366 wom-
en diagnosed with breast or other genital organ cancer dem-
onstrates that there are 7994 patients with confirmed depres-
sion or anxiety, the incidence of anxiety or depression in

Table 2 Multivariate Cox’s
proportional hazards regression
analysis of factors related to DFS

Factors Multivariate Cox’s proportional hazards regression analysis

B SE Wald P value HR 95% CI (lower-upper)

Depression at baseline 0.586 0.265 4.890 0.027 1.796 1.069–3.018

Higher Gleason score 0.493 0.198 6.181 0.013 1.638 1.110–2.417

Positive surgical margin 0.603 0.294 4.221 0.040 1.828 1.028–3.251

DFS, disease-free survival; SE, standard error; HR, hazards ratio; CI, confidence interval

�Fig. 4 Depression correlated with worse DFS andOS. Difference of DFS
between prostate cancer patients with depression and patients without
depression at baseline (a), 1 year (b), 2 years (c), and 3 years (d);
difference of OS between prostate cancer patients with depression and
patients without depression at baseline (e), 1 year (f), 2 years (g), and
3 years (h). DFS, disease-free survival; OS, overall survival; HR, hazard
ratio; 95% CI, 95% confidence interval
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breast cancer patients is 8.8 every 100 person-years, and in
patients with other genital organ cancer is 5.9 per 100 person-
years [22]. As for the findings in our study, they could be
explained by the following aspects. First, stress is the predom-
inant cause of anxiety and depression, and coping with pros-
tate cancer, its clinical symptoms, and treatment certainly re-
sult in increased stress in prostate cancer patients, which in-
creases the risk of developing mood disorders including anx-
iety and depression. Second, studies report that the change of
testosterone level and androgen deprivation therapy may also
play a role in the development of anxiety and depression in
prostate cancer patients [23]. Third, radical prostatectomy nor-
mally results in a reduced quality of prostate cancer patients’
domestic life, and may also damage patients’ self-esteem;
these all constantly contribute to the developments of anxiety
and depression. Additionally, we would like to note that other
scales may be needed to assess the anxiety and depression in
our patients; however, it was difficult to apply another scale
since the data in our study was retrospectively analyzed.

In this study, we also discovered that post-surgery anxiety
and depression are associated with worse survival profile, and
post-surgery depression could independently predict worse
DFS in prostate cancer patients. Previous studies all indicate
that anxiety and depression are not uncommon in cancer pa-
tients; for this reason, many clinicians are trying to reveal
some veiled mechanisms. A study elucidates that depression
plays a role in enhancing the progression of hepatocellular
carcinoma in mice via increasing programmed death 1 (PD-
1) level regulated by glucocorticoids in tumor infiltrating nat-
ural killer (NK) cells [24]. Another study reveals that depres-
sion correlates with worse clinical outcome in gastric cancer
patients, and the in vivo and in vitro experiments disclose that
gastric cancer–related depression involves the participation of
reactive oxygen species via the ABL1-modulated inflamma-
tory pathway [25]. In addition, a previous study illustrates that
anxiety and depression play a role in mediating the correlation
of chemotherapy-induced peripheral neuropathy with fatigue
in colorectal cancer patients; however, this study also states
that this needs more experimental evidence to validate [26].
Furthermore, there are already findings regarding cellular
mechanisms of the harmful impact of anxiety and depression
on prostate cancer patients. For instance, in mouse model of
prostate cancer, depression is illuminated to increase the

infiltration of myeloid cells and interleukin-6 (IL-6) expres-
sions via mediating sympathetic neuropeptide Y (NPY)
signaling pathway and subsequently enhances the tumor
growth [27].

And in the clinical setting, there are also studies about the
pejorative role of anxiety and depression in cancer patients’
prognosis. For example, a previous study reveals that in oro-
pharynx cancer patients, the self-report depression indepen-
dently correlates with unfavorable OS and DFS, which is par-
tially similar to our results [28]. In accordance with this, an-
other study reports that in postoperative non-small cell lung
cancer patients, post-surgery anxiety predicts shorter OS, and
post-surgery anxiety and depression both predict less
prolonged DFS [29]. In terms of our results, we tried to ex-
plain them by the following possible reasons. First, prostate
cancer patients are more likely to have a low adherence to
therapies, and this could contribute to a worse treatment effi-
cacy and thus a worse prognosis [30]. Second, anxiety and
depression also induce many physical symptoms, such as fa-
tigue, insomnia, and change of weight as well as appetite;
these all contribute to a worse physical function and may
interfere with the physical health of prostate cancer patients
[31, 32]. Third, anxiety and depression may aggregate the
disease in prostate cancer patients via affecting several biolog-
ical processes or pathways, such as regulating the tumor infil-
trating NK cells and reactive oxygen species [24–27]. In the
future, the status of anxiety and depression may be useful in
optimizing the prognosis prediction in surgical prostate cancer
patients; however, this should be validated by more high-
quality trials or large-scale cohort studies.

Furthermore, there were a few limitations we liked to dis-
cuss. First, we only included surgical prostate cancer patients,
which indicated that our findings were not applicable in pa-
tients who were not suitable for surgery. Second, we would
like to enroll more patients in the future study due to that the
sample size in this study was comparatively small, and this
may result in an insufficient statistical power.

Altogether, anxiety and depression both gradually deterio-
rate, and they correlate with unfavorable survival profile in
prostate cancer patients after radical prostatectomy.

Funding This study was supported by Nature Science Foundation of
Hubei Province (No. 2017CFC851).

Table 3 Multivariate Cox’s
proportional hazards regression
analysis of factors related to OS

Factors Multivariate Cox’s proportional hazards regression analysis

B SE Wald P value HR 95% CI (lower-upper)

Higher Gleason score 0.696 0.284 6.019 0.014 2.007 1.150–3.500

Higher pathological T stage 0.967 0.303 10.207 0.001 2.630 1.453–4.760

Positive surgical margin 1.142 0.379 9.063 0.003 3.134 1.490–6.592

OS, overall survival; SE, standard error; HR, hazards ratio; CI, confidence interval
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