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Purpose: To identify factors affecting depressive symptoms in patients undergoing androgen-deprivation therapy 
(ADT) to treat prostate cancer.

Materials and Methods: The patients with prostate cancer visiting the psychiatry department without referral 
because of depressive symptoms while undergoing ADT participated. To assess depressive symptoms, the Beck 
Depression Inventory (BDI) was used. To identify the risk factors affecting depressive symptoms, univariate re-
gression and multiple linear regression analyses were implemented. 

Results: The mean (± SD) age, age when initiating ADT, duration of ADT, serum testosterone level and BDI 
scores of participants (n = 45) were 73.9 ± 7.9 years, 72 ± 8.5 years, 33 ± 31.6 months, 214.9 ± 219.5 ng/dL and 
18 ± 13.5 points. The androgen dependent and independent   were 26 and 9 patients. Eight of these androgen-inde-
pendent patients underwent concurrent chemotherapy. Twenty-one patients were treated with bicalutamide and 24 
with leuprolide. Of the clinical variables affecting BDI scores, the type of ADT drug (P < 0.001), serum testoster-
one level (P = 0.003), and age at diagnosis (P < 0.001) were significant. 

Conclusion: Efforts to diagnose and treat depression appropriately, especially if depressive symptoms change in 
patients undergoing ADT to treat prostate cancer who are using an LHRH agonist (leuprolide), have low testoster-
one level, or are older at the age when initiating ADT.
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INTRODUCTION 

Prostate cancer is one of the most common cancers 
among men, with approximately 240,000 men be-

ing newly diagnosed with prostate cancer in the US(1). 
Androgen-deprivation therapy (ADT) has been histor-
ically used only in advanced stage cases, but has been 
increasingly selected as a treatment method in patients 
with asymptomatic metastasis, node-positive status, 
and elevation of prostate specific antigen (PSA) after 
treatment(2-4).
The known side effects of ADT include loss of libido, 
gynecomastia, erectile dysfunction, anemia, cardiovas-
cular disease, osteoporosis, and depression(5). Specifi-
cally, depression has been shown to have an association 
with ADT(6,7). Depressive symptoms in patients with 
cancer are closely associated with a variety of compli-
cations, ranging from cancer recurrence to decreased 
compliance with treatment(8). Nevertheless, oncologists 
do not readily recognize psychiatric problems like de-
pression and, subsequently, patients requiring psychi-
atric treatment are not properly managed(9,10). Recently, 
the quality of life of patients has become particularly 
important as the survival of prostate cancer patients un-
dergoing ADT has increased and depressive symptoms 
greatly influence quality of life. However, there have 
been few studies that have investigated the factors af-
fecting depressive symptoms in prostate cancer patients 
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undergoing ADT.
The present study aimed to identifying factors affecting 
depressive symptoms occurring in patients undergoing 
ADT, as the number of patients treated with ADT in-
creases, to promote an increase in quality of life through 
proper management and diagnosis.

MATERIALS AND METHODS
Demographic and Clinical characteristics
The inclusion criteria of this study were as follows. Pa-
tients with prostate cancer histologically confirmed at 
Gachon University Gil Medical Center between May 
2005 and June 2016 who visited the Psychiatry Depart-
ment without consultation of the oncology staff due to 
depressive symptoms while receiving ADT. All partic-
ipants had an elementary school education or higher, 
and were married.
Patients with the following exclusion criteria were 
excluded: Prior to ADT, the patients had a history of 
psychiatric disorders, including depression, neurolog-
ical disorder involving the brain, or hypogonadism, 
they were diagnosed with or treated for cancer beyond 
prostate cancer, or they used male hormones for cancer 
treatment purposes. 
Depending on the ADT schedule, the patients received 
an LHRH agonist (leuprolide depot 11.25 mg) intra-
muscularly every 12 weeks or an anti-androgen agent 
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(bicalutamide 150 mg) orally daily. Those treated with 
leuprolide also took bicalutamide 50 mg for a month 
to prevent disease flare-ups that may occur during the 
initial leuprolide administration. 
This study was approved by the Institutional Review 
Board (IRB No. GCIRB 2014-274) of our institution.
Measures of depressive symptomatology 
The Beck Depression Inventory (BDI) is a 21-item 
self-report used to evaluate the severity of depressive 
symptoms, to screen for depression, and to assess the 
severity of depressive symptoms, even in cases with 
symptomatology overlap with neurovegetative symp-
toms(11). The total score range from 0 to 63, with higher 
scores indicating more severe depressive symptoms. 
The BDI is a reliable tool to measure the severity of 
depressive symptoms. Lee et al. showed that the Cron-
bach’s alpha for BDI total score was 0.89 and the corre-
lation between the BDI and the patient health question-
naire-9 was strong (r = 0.75)(12). Participants completed 
the BDI with the aid of a trained psychiatric nurse. 
Variables affecting depressive symptoms
Univariate regression analysis was performed to identi-
fy the factors affecting depressive symptoms at the BDI 
score in patients undergoing ADT after diagnosis of 
prostate cancer, current age, age when initiating ADT, 
type and length of ADT, disease response to ADT, an-
drogen dependence, serum testosterone level and use 
of concurrent chemotherapy with ADT. Generally, a 
step wise multiple linear regression analysis was then 
performed with backward elimination to select an ap-
propriate model, and a p value > 0.20 was used for re-
moval. However, we analyzed for all variables by the 
multivariate regression analysis. Because the number 
of variables affecting depressive symptoms occurring 
in patients undergoing ADT was relatively small, (only 
eight variables, in this study).
Disease response status (responder/stable disease or 

progressive) was determined per the recommendation 
of the Prostate Specific Antigen (PSA) Working Group. 
Patients stable or responding to ADT were defined as 
androgen-dependent and those in whom prostate cancer 
progressed despite ADT treatment were defined as an-
drogen-independent(13). There have been some studies 
of the relationship between testosterone level and de-
pressive symptoms in prostate cancer patients. Barrett 
Connor et al. found that the BDI score was significantly 
and inversely associated with testosterone (P < 0.007) 
independent of weight change and physical activity in 
prostate cancer patients(14,15). 

RESULTS
Forty-five patients with prostate cancer visiting the 
psychiatry department without referral because of de-
pressive symptoms while undergoing ADT participated 
in this study. The mean (± SD) age of participants was 
73.9 ± 7.9 years and the mean age at diagnosis was 72 
± 8.5 years. The mean duration of ADT treatment was 
33 ± 31.6 months. Twenty-one patients were treated 
with bicalutamide and 24 with leuprolide. Thirty-six 
patients were defined as being androgen-dependent 
and 9 as being androgen-independent. Eight of these 
androgen-independent patients underwent concurrent 
chemotherapy. The mean serum testosterone level was 
214.9 ± 219.5 ng/dL among all participants. The mean 
BDI score across all participants was 18 ± 13.5 points, 
respectively (Table 1). 
The results of the univariate regression analysis were 
shown in Table 2. However, we analyzed for all clin-
ical variables (current age, age when initiating ADT, 
type and length of ADT, disease response to ADT, 
androgen dependence, serum testosterone level, use 
of concurrent chemotherapy with ADT) with the BDI 
score by the multivariate regression analysis, because 
of the relatively small number of variables. The results 
showed that among the tested variables, the type of 
ADT drug (P < 0.001), serum testosterone (P = 0.003), 
and age at initiating ADT (P < 0.001) were statistically 
significant (Table 3).

DISCUSSION
This study was conducted to investigate the conditions 
affecting depressive symptoms occurring during treat-
ment with ADT. The severity of depressive symptoms 
was measured with the BDI, and indicated that depres-
sion is likely to be severe in patients undergoing ADT 
to treat prostate cancer who are using an LHRH agonist 

Table 1. Characteristics of patients undergoing ADT

  Characteristica     Value

Mean age (years)       73.9 ± 7.9
Mean age at diagnosis (years)      72 ± 8.5
Period of ADT (months)      33 ± 31.6
Type of ADT drug (bicalutamide or leuprolide)     21/24 (47/53)
Androgen dependence (androgen-dependent or androgen-independent)   36/9 (80/20)
Disease response to current treatment (responder/ stable disease or progressive disease)  36/9 (80/20)
Treatment with concurrent chemotherapy (yes or no)    8/37 (82/18)
Serum testosterone (ng/dL)       214.9 ± 219.5
Beck Depression Inventory (score)      18 ± 13.5

Abbreviations: ADT: androgen deprivation therapy; BDI: Beck Depression Inventory 
aValues are presented as the mean (± SD) or number (%). 

Table 2.  Association of BDI scores with clinical variables by uni-
variate analyses.

Variables  β ± SE  P-value

Current age  0.261 ± 0.203  0.204
Type of ADT drug  4.696 ± 3.158  0.144
Length of ADT  -0.102 ± 0.049 0.044
Age when initiating ADT 0.334 ± 0.184  0.078
Serum testosterone  -0.007 ± 0.007 0.342
Disease response to ADT 7.306 ± 3.882  0.067
Androgen dependence  7.306 ± 3.882  0.067
Concurrent chemotherapy -6.811 ± 4.096 0.104

Abbreviations: ADT, androgen deprivation therapy; SE, standard 
errors
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(leuprolide), have low testosterone level, or are older at 
the age of initiating ADT.
In prostate cancer treatment, LHRH agonists are com-
monly used to substantially decrease levels of serum 
testosterone, and anti-androgen agents are commonly 
used because they act on androgen receptors. LHRH ag-
onists generate a biphasic response by initially causing 
elevation of luteinizing hormone and follicle-stimulat-
ing hormone levels, followed by downregulation of the 
release of gonadotropin-releasing hormone in the hy-
pothalamus and gonadotropins in the anterior pituitary 
gland, which subsequently give rise to the inhibition of 
androgen synthesis in the testes(16). On the other hand, 
anti-androgen agents compete with androgens for bind-
ing to the androgen receptor, suppressing the effects 
of androgen in prostate cancer cells. Therefore, an-
ti-androgen agents do not cause decreases in the serum 
testosterone level(17). The effect of ADT on depressive 
symptoms has yet to be elucidated. The studies have 
reported that ADT affects depression for other reasons, 
such as through the involvement of neurochemicals 
such as serotonin(18). Another study indicated that ADT 
worsens depressive symptoms by affecting pro-inflam-
matory cytokines such as IL-1 and IL-6(19). We believe 
that a low testosterone level is related to depression, as 
testosterone reduction leads to a worsening of depres-
sive symptoms, even in healthy men(20). Additionally, a 
study that compared a group undergoing treatment with 
ADT for prostate cancer with several control groups 
showed that depressive symptoms increased as testos-
terone level decreased in the ADT group(21,22). We found 
that the testosterone reduction was significantly corre-
lated with a worsening of depressive symptoms in the 
patients treated with leuprolide, an LHRH agonist.
It has been reported that various psychiatric disorders 
in the elderly (elderly patients) are not properly recog-
nized. Furthermore, they are not properly identified due 
to the presence of other physical symptoms(23). There-
fore, if depressive symptoms worsen in elderly patients 
undergoing ADT, their quality of life will likely be 
negatively affected. However, because of difficulties in 
diagnosis, it is important to pre-screen elderly patients 
undergoing ADT in whom depression is at high risk 
of worsening, and to diagnose and treat appropriately. 
The elderly with depression have a few characteristics. 

In many cases, depression is accompanied with med-
ical comorbidities, impaired sleep quality, and cogni-
tive impairment, responsiveness to initial treatment of 
depression is low due to a spouse's death or reduced 
psychosocial resources, and it is difficult to treat for 
a sufficient period(24,25). Accordingly, the elderly who 
experience depression for the first time require a long 
treatment period to achieve remission and have a high-
er recurrence rate (7% vs. 15%); thus, the prognosis is 
unfavorable(26,27). Particularly, in patients over age 70 
who experience depression for the first time, it very fre-
quently recurs with concurrent cognitive impairment, 
and the suicide rate is very high. Thus, they should be 
diagnosed and treated with accuracy(28). In the present 
study, the results of the analysis conducted to identify 
factors affecting depressive symptoms of patients un-
dergoing ADT showed that the older the patients are 
at age initiating ADT, the more severe the depressive 
symptoms (P < 0.001). 
Therefore, medical staff who administer ADT should 
always be aware that the likelihood of patients with risk 
factors for developing depression is high and prompt 
and appropriate diagnosis and treatment when depres-
sion occurs is paramount to prevent a decrease in their 
quality of life. Hence, we have the following recom-
mendations for the medical staff treating patients with 
risk factors for depression (Table 4). 
First, before initiating treatment with ADT, the patient's 
disease history should be ascertained and a detailed 
physical examination should explore the history of de-
pression and identify co-occurring illnesses. As men-
tioned, it is often difficult to diagnose depression in can-
cer patients or elderly patients because of the presence 
of comorbidities(29). Therefore, medical staff should try 
to recognize worsening of depressive symptoms during 
treatment with ADT by thoroughly understanding the 
comorbidities or physical abnormalities of the patients.
Second, changes in depressive symptoms in patients 
with risk factors should be followed up while receiving 
ADT, by for example, administering a self-reporting 
questionnaire. In a study that studied patients undergo-
ing ADT, depressive symptoms increased after ADT 
was administered and around the time when testoster-
one level precipitously dropped(21). If it is difficult to 
confirm depressive symptoms, the patient can be re-
ferred to a psychiatrist with the recommendation that 
they visit the department for screening on a regular 
basis.
Third, if depressive symptoms worsen in a patient with 
risk factors, they should be diagnosed and treated by 
psychiatrists. With an increase in the elderly popula-
tion, diverse treatment approaches have been intro-
duced to treat depression in the elderly who experience 
the disorder for the first time. Recently, many treatment 
approaches appropriate for elderly patients have been 
introduced and we believe that an appropriate diagnosis 
can improve treatment outcomes(30).
This study had some limitations. As the study partici-
pants were patients who voluntarily visited a psychia-
trist due to changes in depressive symptoms while un-
dergoing ADT, the sample size was small. Based on the 
current findings, a study investigating factors affecting 
changes in depressive symptoms in patients undergoing 
ADT is underway. As a follow-up study, we are plan-
ning to present an approach to help patients undergoing 
ADT lead a healthier life, physically and mentally, by 

Table 3. Association of BDI scores with clinical variables by mul-
tiple linear regression analyses.

        Parameters
Variables   
        β ± SE  Partial R2 P-value

Type of ADT drug       51.537 ± 11.818 0.178 < 0.001
Serum testosterone       0.087 ± 0.027 0.134 0.003
Age when initiating ADT  0.757 ± 0.160 0.154 < 0.001

Abbreviations: ADT, androgen deprivation therapySE, standard 
errors

1 The patient’s disease history and a detailed physical examination be-
fore initiating treatment with ADT
2 Administering a self-reporting questionnaire
3 Referred to psychiatry department for proper treatment

Abbreviations: ADT: androgen deprivation therapy

Table 4. Recommendations to minimize the risk of depression in 
patients undergoing ADT

Depression following ADT for prostate cancer-Kim et al.
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complementing the limitations of the present study.

CONCLUSIONS
We believe that efforts should be taken to diagnose and 
treat depression appropriately, especially if depressive 
symptoms change in patients undergoing ADT to treat 
prostate cancer who are using an LHRH agonist (le-
uprolide), have low testosterone level, or are older at 
the age of initiating ADT.

ACKNOWLEDGEMENT
This work was supported in part by the grants from 
the National Research Foundation of Korea (NRF-
2013R1A1A1063509).

CONFLICT OF INTEREST
The authors report no conflict of interest.

REFERENCES 
 1. Howlader N, Noone A, Krapcho M, et al. 

SEER Cancer Statistics Review, 1975–2009 
(Vintage 2009 Populations), National Cancer 
Institute. Bethesda, MD. Based on November 
2011 SEER data submission, posted to the 
SEER web site, April 2012; 2012.

 2. Smith MR. Androgen deprivation therapy for 
prostate cancer: new concepts and concerns. 
Curr Opin in Endocrinol. 2007;14:247.

 3. Barrass B, Thurairaja R, Persad R. More 
should be done to prevent the harmful effects 
of long‐term androgen ablation therapy in 
prostate cancer. BJU Int. 2004;93:1175-6.

 4. Choi H, Chung H, Park JY, Lee JG, Bae 
JH. The Influence of Androgen Deprivation 
Therapy on Prostate Size and Voiding 
Symptoms in Prostate Cancer Patients in 
Korea. Int Neurourol J. 2016;20:342.

 5. Gooren LJ. Clinical review: Ethical 
and medical considerations of androgen 
deprivation treatment of sex offenders. J Clin 
Endocrinol Metab. 2011;96:3628-37.

 6. Casey RG, Corcoran NM, Goldenberg SL. 
Quality of life issues in men undergoing 
androgen deprivation therapy: a review. Asian 
J Androl. 2012;14:226-31.

 7. Rosenblatt DE, Mellow A. Depression during 
hormonal treatment of prostate cancer. J Am 
Board Fam Pract. 1995;8:317-20.

 8. Osborn RL, Demoncada AC, Feuerstein M. 
Psychosocial interventions for depression, 
anxiety, and quality of life in cancer 
survivors: meta-analyses. Int J Psychiat Med. 
2006;36:13-34.

 9. Fallowfield L, Ratcliffe D, Jenkins V, Saul J. 
Psychiatric morbidity and its recognition by 
doctors in patients with cancer. Brit J Cancer. 
2001;84:1011.

 10. Passik SD, Dugan W, McDonald MV, 
Rosenfeld B, Theobald DE, Edgerton S. 
Oncologists' recognition of depression in 
their patients with cancer. J Clin Oncol. 

Depression following ADT for prostate cancer-Kim et al.

1998;16:1594-600.
 11. Kathol RG, Mutgi A, Williams J, Clamon G, 

Noyes R, Jr. Diagnosis of major depression 
in cancer patients according to four sets of 
criteria. Am J Psychiatry. 1990;147:1021-4.

 12. Lee E-H, Lee S-J, Hwang S-T, Hong S-H, 
Kim J-H. Reliability and Validity of the 
Beck Depression Inventory-II among Korean 
Adolescents. Psychiat invest. 2017;14:30-6.

 13. Antonarakis ES, Kibel AS, Evan YY, et al. 
Sequencing of sipuleucel-t and androgen 
deprivation therapy in men with hormone-
sensitive biochemically recurrent prostate 
cancer: A phase ii randomized trial. Clin 
Cancer Res. 2017;23:2451-9.

 14. Barrett-Connor E, von Mu ̈hlen DG, Kritz-
Silverstein D. Bioavailable testosterone and 
depressed mood in older men: the Rancho 
Bernardo Study. The Journal of Clinical 
Endocrinol Metab. 1999;84:573-7.

 15. Pirl WF, Siegel GI, Goode MJ, Smith MR. 
Depression in men receiving androgen 
deprivation therapy for prostate cancer: a pilot 
study. Psycho‐Oncology. 2002;11:518-23.

 16. Goa KL, Spencer CM. Bicalutamide in 
advanced prostate cancer. Drug Aging. 
1998;12:401-22.

 17. Furr B, Tucker H. The preclinical development 
of bicalutamide: pharmacodynamics and 
mechanism of action. Urology. 1996;47:13-
25.

 18. Meyers B, D'agostino A, Walker J, Kritzer 
M. Gonadectomy and hormone replacement 
exert region-and enzyme isoform-specific 
effects on monoamine oxidase and catechol-
O-methyltransferase activity in prefrontal 
cortex and neostriatum of adult male rats. 
Neuroscience. 2010;165:850-62.

 19. Aragon-Ching JB, Williams KM, Gulley JL. 
Impact of androgen-deprivation therapy on the 
immune system: implications for combination 
therapy of prostate cancer. Front Biosci. 
2007;12:71.

 20. Amore M, Innamorati M, Costi S, Sher 
L, Girardi P, Pompili M. Partial androgen 
deficiency, depression, and testosterone 
supplementation in aging men. Int J 
Endocrinol. 2012;2012.

 21. Lee M, Jim HS, Fishman M, et al. Depressive 
symptomatology in men receiving androgen 
deprivation therapy for prostate cancer: 
A controlled comparison. Psycho‐Oncol. 
2015;24:472-7.

 22. Shin M-S, Chung KJ, Ko I-G, et al. Effects 
of surgical and chemical castration on spatial 
learning ability in relation to cell proliferation 
and apoptosis in hippocampus. Int Urol 
Nephrol. 2016;48:517-27.

 23. Reynolds K, Pietrzak RH, El-Gabalawy 
R, Mackenzie CS, Sareen J. Prevalence of 
psychiatric disorders in US older adults: 



findings from a nationally representative 
survey. World Psychiatry. 2015;14:74-81.

 24. Murphy E. The prognosis of depression in old 
age. Brit J Psychiatry. 1983;142:111-9.

 25. Alexopoulos GS, Meyers BS, Young RC, et 
al. Recovery in geriatric depression. Arch Gen 
Psychiatry. 1996;53:305-12.

 26. Reynolds CF, Frank E, Dew MA, et al. 
Treatment of 70+-year-olds with recurrent 
major depression: excellent short-term but 
brittle long-term response. Am J Geriatric 
Psychiatry. 2000;7:64-9.

 27. Beekman AT, Geerlings SW, Deeg DJ, et al. 
The natural history of late-life depression: a 
6-year prospective study in the community. 
Arch Gen Psychiatry. 2002;59:605-11.

 28. Charney DS, Reynolds CF, Lewis L, et al. 
Depression and Bipolar Support Alliance 
consensus statement on the unmet needs in 
diagnosis and treatment of mood disorders in 
late life. Arch Gen Psychiatry. 2003;60:664-
72.

 29. Roose SP, Sackeim HA, Krishnan KRR, et 
al. Antidepressant pharmacotherapy in the 
treatment of depression in the very old: a 
randomized, placebo-controlled trial. Am J 
Psychiatry. 2004;161:2050-9.

 30. Roose SP, Sackeim HA, Krishnan KR, et 
al. Antidepressant pharmacotherapy in the 
treatment of depression in the very old: a 
randomized, placebo-controlled trial. Am J 
Psychiatry. 2004;161:2050-9.

Depression following ADT for prostate cancer-Kim et al.

Urological Oncology  30


