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Abstract
There are limited studies examining the relationship between serum reproductive hormone levels and sexual functions among prostate cancer (PCa)
patients after rapid prostatectomy (RP). Aim: The present study aimed at
evaluating the correlation between post-operative serum levels of some male
reproductive hormones of PCa patients and their sexual functions in the
months following RP. A total of 20 male patients with clinically localized PCa
who had undergone RP within the last 12 months prior to commencement of
the study, were invited to participate. The postoperative serum levels of their
luteinizing hormone (LH), follicle stimulating hormone (FSH) and total testosterone (Te) were measured. They also completed a structured health and
lifestyle questionnaire to obtain information on their demographic characteristics and detailed medical history. Our data indicated normal mean levels of
post-operative Te (4.34 ± 4.38 ng/ml) in the patients following RP, while the
mean levels of FSH (39.24 ± 34.12 miu/ml) and LH (21.67 ± 25.73 miu/ml)
were on the increase and far above normal ranges for healthy men. Data indicated a significant positive correlation between Te and frequency of sexual
intercourse (r = 508; p < 0.05), libido (r = 0.429; p < 0.05) and penile erection
(r = 0.494; p < 0.05). However, no significant correlations were found between FSH or LH and any of the sexual function parameters. The present
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study indicated that radical prostatectomy affected reproductive hormones by
increasing LH and FSH concentrations above normal ranges for healthy men,
while Te concentrations remained within normal range in the months following RP. The postoperative serum total Te concentrations of the patients
were significantly associated with their postoperative sex drive, penile erection and frequency of sexual intercourse.

Keywords
Reproductive Hormone, Sexual Function, Prostate Cancer,
Rapid Prostatectomy

1. Introduction
Prostate cancer (PCa) is the second most frequent cancer diagnosis made in men
and the fifth leading cause of death worldwide [1] [2]. Sexual dysfunction is a
common consequence of not only the prostate cancer itself, but also the various
PCa treatment options. Prostate cancer has been linked to reduced sexual desire
(libido) and frequency of sexual intercourse [3]. However, the sexual dysfunction is not caused directly by PCa, but a growing prostate tumor can cause severe
lower urinary tract symptoms, such as prostate hypertrophy, which could lead to
decrease in sexual function [3]. Psychological instability and depression caused
by the occurrence of the cancer, its diagnosis, the biopsy and preoperative anxiety can also lead to a sudden reduction in sexual function in patients with PCa
[4] [5]. In addition, PCa treatments including surgery, radiation therapy and
hormone therapy, can affect various aspects of male sexual function, including
libido, penile erection and frequency of sexual intercourse.
Prostate cancer surgery involves the removal of the entire prostate gland (radical prostatectomy). This treatment option is generally offered to men with localized PCa and in some instances, to men with locally advanced PCa [6]. It remains the most important treatment method for local PCa despite the development of other endourological treatment techniques such as endoscopy or robots.
After surgery, all men will experience loss of ejaculation, because the organ responsible for ejaculation has been removed [7]. Orgasm quality is adversely affected in many men since semen is no longer produced due to the removal of the
seminal vesicle [6] [7]. Erectile dysfunction is immediate and replaced with recovery back to normal erectile function usually slow. Erectile dysfunction following radical prostatectomy is attributable primarily to nerve injury caused by
intraoperative nerve traction, heat-induced injury, ischemic injury, and local inflammatory reactions [3].
There are limited studies evaluating the testosterone (Te) and gonadotropin
levels in patients who have undergone radical prostatectomy for clinically localized PCa. The few previous studies have shown conflicting results on the
changes in hormonal serum concentrations caused by rapid prostatectomy [8]
DOI: 10.4236/asm.2020.104008
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[9]. It is well established that androgens, specifically Te, are essential for prostate
development [10]. Other studies have also shown that low Te serum levels was
associated with undifferentiated tumors, advanced tumor stage and unfavorable
prognosis after radical prostate surgery [11] [12] [13]. Furthermore, it is reported that serum concentration of total Te might affect sexual function after
rapid prostatectomy (RP) for PCa [14]. It is also established that luteinizing
hormone (LH) and follicle stimulating hormone (FSH) are involved in enhancing the production of androgens by stimulation of Leydig cells to produce testosterone and the production of androgen-binding protein by the Sertoli cells of
the testes respectively [15]. These studies suggest that the role of serum concentrations of reproductive hormones, including the androgens and gonadotropins
in the level of sexual functions of patients with PCa before and after RP, is far
from being completely understood and requires further investigation. To date,
no studies have evaluated the relationship of reproductive hormones with sexual
functions of PCa patients in the post-operative period following RP. The aim of
the present study was to evaluate the serum profile of postoperative reproductive
hormones and their correlation with the post-operative sexual functions in the
months following RP for patients with clinically localized PCa.

2. Methodology
A total of 20 male patients who underwent RP for biopsy proven and clinically
localized PCa, at the Urology Clinic, Central Hospital, Benin City, Nigeria, for a
post-operative period spanning from 1 to 12 months (between October, 2018 to
November, 2019) were invited to participate in the post-operative study. Exclusion criteria included previous or current use of Te replacement therapy or
hormonal manipulation, history of endocrine diseases, including hypogonadism,
presence of systemic diseases such as diabetes mellitus and cardiovascular conditions, current use of a vesical catheter and chemotherapy or radiotherapy for
treatment of pelvic neoplasia, chronic ingestion of alcohol or other drugs, that
may interfere with the serum hormone levels. Informed consents were obtained
from each participant after proper notification and information on the nature of
the research, the benefits and risks involved as well as confidentiality. Ethics and
research committee of Ministry of Health, Benin City approved this work with
reference number HM.1208/7458.
Men fulfilling the inclusion criteria were interviewed using structured questionnaires. Demographic characteristics and detailed medical history, particularly about chronic systemic diseases, smoking and drinking habits, age at first
sexual intercourse, urinary tract symptoms, current medications, family history
of RP, pre and post-operative rating of mood/emotional state after surgery, frequency of sexual intercourse, rating of libido and erectile function were obtained
from all patients. The rating of mood/emotional state of patients was structured
to reflect the pattern shown in the Zung Self-Rating Depression Scale, a 20-item
self-report questionnaire that is widely used as a screening tool, covering affecDOI: 10.4236/asm.2020.104008
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tive, psychological and somatic symptoms associated with depression [16]. Each
item is scored on a Likert scale ranging from 1 to 4. A total score is derived by
summing the individual item scores, and ranges from 20 to 80. The scores range
from 25 - 49 for Normal Range; 50 - 59 for Mildly Depressed; 60 - 69 for Moderately Depressed; and 70 and above for Severely Depressed. After the interview,
the patients were sent to the laboratory to have a blood sample drawn in order to
assess their reproductive hormonal levels for biochemical analysis.

2.1. Biochemical Analysis
Blood samples were collected by venopuncture between 8:00 and 11:00 a.m to
assess the serum levels of prostate specific antigen (PSA), total Te (normal range:
3.0 - 10.0 ng/ml) [17], FSH (Range: 1.4 - 18.1 mIU/ml) and LH (Range: 1.5 - 9.3
mIU/ml) [18]. Serum levels of total Te, LH and FSH were determined by ELISA
method using Calbiotech kits (Te, LH and FSH, CA 92020, USA), according to
manufacturer’s instructions.

2.2. Data Analysis
Data was expressed as mean ± standard deviation or for continuous data and percentages for categorical variables. Test of normal distribution was done using the
Kolmogorov Smirnov test. Comparative analysis between variables were done using independent sample t-test for data with normal distribution, while those
without normal distribution were done using non-parametric Mann-Whitney U
test. Comparative analysis involving categorical data was done using Chi-square
comparative test. Correlation tests involving two variables were done using
non-parameteric Spearman Ranking test. Test of significance was set at p < 0.05.
All statistics were done using SPSS/IBM Software (version 20), while the size effects and statistical power were determined using the “G” Power software.

3. Results
The demographic and post-operative clinical characteristics of the study population are expressed in Table 1. The study consisted of 20 men with a mean age of
73.9 years (range: 53 - 85 years). The subjects were non-smokers, non-drinkers
and all married. Majority of the patients had their first sexual experience at >20
years of age (70%), had difficulty urinating (95%), did not have the presence of
blood in their urine (95%), had no family history of prostatectomy (65%). A
greater percentage (80%) of the patients indicated they were not depressed; most
of the patients (85%) stated they had poor libido and a greater percentage (45%)
rarely had sex.
Table 2 shows the post-operative clinical and hormonal characteristics of the
study population. Data shows that at the time of assessment, most of the patients
were “not depressed” (80%), “unable to have sexual intercourse” (70%), had
poor libido (70%), had “weak penile erection” (75%), had PSA value of 0 - 2.4
ng/ml (70%). The results of the laboratory analyses of post-operative PSA,
DOI: 10.4236/asm.2020.104008
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Table 1. Demographic and baseline characteristics of the study population (n = 20).
Characteristics
Age (yrs)

Value
Mean ± SD or n (%)
73.9 ± 8.8

Occupation

Businessmen
Civil Servants
Farmers
Retirees

1 (5.0)
5 (25.0)
1 (5.0)
13 (65.0)

Marital Status

Married
Single

20 (100)
0 (0)

Smoking Habit

Smokers
Non-smokers

0 (0)
20 (100)

Drinking Habit

Current Drinkers
Non-drinkers

0 (0)
20 (100)

Age of 1st Sexual Intercourse
≤20 yrs
>20 yrs
Can’t Remember

5 (25.0)
14 (70.0)
1 (5.0)

Difficulty Urinating

No
Yes

1 (5.0)
19 (95.0)

Presence of Blood Urine

No
Yes

19 (95.0)
1 (5.0)

Family History Prostatectomy

No
Yes
No Idea

13 (65.0)
6 (30.0)
1 (5.0)

Pre-operative Emotional Stability

Not Depressed
Depressed

16 (80.0)
4 (20.0)

Frequency of Sexual Intercourse (per month)
Zero (None)
1 - 2 times (Rarely)
3 - 4 times (Occasionally)
≥5 times (Regular)

7 (35.0)
9 (45.0)
3 (15.0)
1 (5.0)

Pre-operative Libido

Poor
Fair
Good

17 (85.0)
0 (0)
3 (15.0)

testosterone, FSH and LH are as shown in Table 2. Independent sample t-test
indicated that no significant differences were observed in PSA, testosterone, FSH
and LH levels ≤6 months after RP as compared with >6 months post-operative.
The Mann-Whitney U tests also indicated no significant differences in mean
DOI: 10.4236/asm.2020.104008
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Table 2. Post-operative clinical and hormonal characteristics of the study population.
Patients’ Characteristics

All, n = 20

≤6 Months
Post-Operative
Period, n = 11

>6 Months
Post-Operative
Period, n = 9

Size
Effect

P-Value

Severely Depressed†
Moderately Depressed†
Mildly Depressed†
Not Depressed†

0 (0)
3 (15.0)
1 (5.0)
16 (80.0)

12.50
0 (0)
0 (0)
0 (0)
11 (100)

8.06
0 (0)
3 (33.3)
1 (11.1)
5 (55.6)

−2.17
12.41

0.016
<0.001

Frequency of Sexual Intercourse (per month)‡
Zero (None)†
1 - 2 times (Rarely)†
3 - 4 times (Occasionally)†
≥5 times (Regular)†

14 (70.0)
2 (10.0)
3 (15.0)
1 (5.0)

11.27
7 (63.6)
1 (9.1)
2 (18.2)
1 (9.1)

9.56
7 (77.8)
1 (11.1)
1 (11.1)
0 (0)

−1.07
1.38
0.20
1.69
-

0.425
0.240
0.655
0.194
-

14 (70.0)
1 (5.0)
5 (25.0)

10.9
8 (72.7)
1 (9.1)
2 (18.2)

11.0
6 (66.7)
0 (0)
3 (33.3)

−0.14
0.25
4.41

0.670
0.612
0.036

None†
Weak†
Fairly Strong†
Very Strong†

1 (5.0)
15 (75.0)
2 (10.0)
2 (10.0)

10.18
1 (9.1)
8 (72.7)
0 (0)
2 (18.2)

10.89
0 (0)
7 (77.8)
2 (22.2)
0 (0)

−0.20
0.25
-

0.726
0.684
-

PSA (ng/ml)*
0 - 2.4†
2.5 - 3.9†
4 - 10.0†
>10.0†

3.66 ± 6.98
14 (70.0)
0 (0)
4 (20.0)
2 (10.0)

3.35 ± 6.88
8 (72.7)
0 (0)
2 (18.2)
1 (9.1)

4.03 ± 7.50
6 (66.7)
0 (0)
2 (22.2)
1 (11.1)

−0.34
0.25
0.40
0.20

0.836
0.612
0.527
0.655

Te (ng/ml)*

4.34 ± 4.38

3.20 ± 4.60

5.73 ± 3.90

−0.83

0.207

FSH (mIU/ml)*

39.24 ± 34.12

42.06 ± 40.90

35.80 ± 25.50

−0.58

0.694

LH (mIU/ml)*

21.67 ± 25.73

24.38 ± 26.71

18.35 ± 25.65

0.34

0.616

Emotional State‡

Libido‡

Poor†
Fair†
Good†

Penile Erection‡

Abbreviations: PSA, prostate specific antigen; Te, testosterone; FSH, follicle stimulating hormone; LH, Luteinizing hormone. *Mean ± SD; †n (%); ‡Mean
Ranking of scores. Rating of self reported emotional state was scored on a Likert scale ranging from 1 to 4 (normal = 1; mildly depressed = 2; moderately
depressed = 3, severely depressed = 4). Rating of Libido was based on Likert scale 1 - 3 (poor = 1, fair = 2, good = 3). Penile Erection score was based on
Likert scale 1 - 4 (1 = none, weak = 2, fairly strong = 3, very strong = 4).

rankings of scores for all the sexual function parameters between the two postoperative periods. In contrast, patients who had RP in ≤6 months period indicated significantly higher (12.50 vs. 8.06; p = 0.016) emotional state score compared with the >6 months period. Furthermore, Chi-square test indicated that
the ≤6 months post-operative group had significant higher incidence of “not
depressed” emotional state (100% vs. 55.6%; p < 0.001), but lower incidence of
“good libido” (18.2% vs. 33.3%; p = 0.036) compared with the >6 months
post-operative group. In contrast, no significant differences were observed in the
incidences of the other clinical characteristics between the two groups.
Table 3: A bivariate correlation statistics using Spearman’s Ranking test indicated that there was a positive correlation between Te and frequency of sexual
intercourse (r = 508; p < 0.05), libido (r = 0.429; p < 0.05), penile erection (r =
DOI: 10.4236/asm.2020.104008
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Table 3. Bivariate correlations among reproductive hormonal levels, emotional state and
sexual functions of the study population after rapid prostatectomy.
Variables

TST

FSH

LH

Age

Emotional
State

FSI

Libido

Erection

Te

1.00

−0.008

−0.058

0.116

−0.028

0.508*

0.429*

0.494*

1.00

0.555*

0.217

−0.199

−0.041

−0.020

0.163

1.00

−0.258

−0.095

0.037

−0.298

0.045

1.00

−0.334

−0.363

−0.149

−0.032

1.00

0.320

0.026

0.170

1.00

0.593**

0.755***

1.00

0.763***

FSH
LH
Age
Emotional
Stability
FSI
Libido
Erection

1.00

Abbreviations: Te, testosterone; FSH, follicle stimulating hormone; LH, Luteinizing hormone; FSI, frequency of sexual intercourse. Data are presented as Spearman’s rank correlations; n = 20; *p < 0.05; **p <
0.01; ***p < 0.001.

0.494; p < 0.05). However, no significant correlations were found between FSH
or LH and any of the sexual function parameters (FSI, libido and erection). Interactions among the reproductive hormones indicated significant positive correlation between FSH and LH (r = 0.555; p < 0.05). In contrast, no significant
correlations were observed between Te and LH or FSH. Age did not show any
significant relationships with any of the reproductive hormones, emotional state
or sexual functions of the patients. Similarly, the emotional state of the patients
had no correlations with their reproductive hormonal levels or sexual functions.
Interactions among the sexual functions of the patients indicated significant
positive correlations between frequency of sexual intercourse and libido (r =
0.593; p < 0.01) and penile erection (r = 0.755; p < 0.001). Furthermore, a positive significant correlation was observed between libido and penile erection (r =
0.763; p < 0.001).
Multiple linear regression analysis adjusted for age and emotional state, was
performed to assess the influence of each of the reproductive hormones (Te,
FSH, LH) on the post-operative sexual functions of the patients (Table 4). The
t-statistics showed that, of the three hormones, Te had the strongest associations
with the frequency of sexual intercourse (t-statistics, 3.51; p < 0.01), libido
(t-statistics, 2.26; p < 0.05) and penile erection (t-statistics, 2.73; p < 0.05).

3.1. Discussion
The present study indicated normal levels of post-operative Te in the patients
following RP, while the mean levels of FSH and LH were on the increase and far
above normal ranges for healthy men. Our data indicated a mean testosterone
level of 4.34 ng/ml, mean FSH level of 39.24 mIU/ml and mean LH level of 21.63
mIU/ml. Published normal ranges in healthy men for serum testosterone
concentrations is 3.0 - 10.0 ng/ml [17], while those of serum LH and FSH
DOI: 10.4236/asm.2020.104008
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Table 4. Age and emotional state adjusted correlation between post-operative reproductive hormonal levels and sexual functions of patients.
Frequency of
Sexual Intercourse

Variables
R

t-statistics p-value

Libido
R

Penile Erection

t-statistics p-value

R

t-statistics p-value

Te

0.590

3.51

0.003

0.520

2.26

0.040

0.565

2.73

0.016

FSH

0.176

0.92

0.370

−0.063

−0.24

0.810

0.061

0.26

0.798

LH

−0.190

−0.99

0.336

−0.124

−0.476

0.642

0.090

0.38

0.708

Abbreviations: Te, testosterone; FSH, follicle stimulating hormone; LH, Luteinizing hormone; r, correlation coefficient.

concentrations are typically 1.4 - 18.1 miu/ml and 1.5 - 9.3 miu/ml respectively
[18]. A previous study by Madersbacher et al. [8] has shown a similar value in Te
(4.4 ng/ml), but lower values in FSH (9.3 miu/ml) and LH (8.9 miu/ml) after RP
in patients with PCa. Similarly, Namiki et al. [19] reported higher values of Te
(12.9 ng/ml) and lower values of LH (5.53 miu/ml at 3 months and 6.87 miu/ml
at 12 months after RP in PCa patients. Another study [20] indicated higher values of Te at 1st and 3rd months (13.8 ng/ml and 14.4 ng/ml) after RP. It has been
previously reported that surgical intervention for prostate cancer causes a reduction in the testicular production of Te at the onset, which will stimulate an increase in production of gonadotropins by negative feedback, and later resulting
in recovery or normalization of the Te level [20]. This may provide a possible
explanation for the surge in post-operative LH and FSH levels accompanied by a
corresponding normal serum Te that fell within normal range in this study.
No significant differences were observed in Te, LH and FSH levels between >6
months and ≤6 months postoperative periods, although the mean serum concentrations appeared greater in LH and FSH, but lower in Te at >6 months period as compared with ≤6 months period after RP. Previous studies have shown
increased gonadotropin levels with normal Te levels at 6 and 12 months following RP [8] [9]. However, the postoperative evaluation in the present study considered postoperative periods from 1 - 6 months and compared them with periods greater than 6 months. The higher increase in values observed in levels of
gonadotropins at >6 months after RP in this study, appears to delineate the features of compensatory hypergonadotropic negative feedback mechanism. It is
noteworthy that there were no significant differences observed in the mean
rankings of the postoperative sexual functions of the patients. This may be a reflection of the lack of significant differences observed in the concentrations of the
reproductive hormones. However, the higher incidence of “good” libido observed in patients ≤6 months after RP may be associated with the significantly
normal emotional state observed in these patients compared with those of >6
months after RP (Table 2).
There are limited studies examining the association between sex hormone serum levels and sexual functions among PCa patients after RP. The present study
DOI: 10.4236/asm.2020.104008
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suggests that androgen levels may exert a significant influence on sexual functions in PCa patients after RP. This is evident in the significant correlations observed between frequency of sexual intercourse, erectile function, sex drive and
Te in this study. Of the three reproductive hormones (Te, LH, FSH) studied, Te
also appeared to be the strongest predictor of the sexual functions. The relationship of testosterone levels with sexual activity in older men has been controversial [21] [22] [23] [24]. Some of the studies [21] [22] [23] reported a significant
positive correlation between levels of sexual activity and serum testosterone levels in healthy older men aged above 40 years. Marberger et al. [24] on the other
hand demonstrated that Te was not a significant independent predictor of sexual
dysfunction among patients with prostate cancer. However, it is not known if a
positive correlation between Te and sexual functions has been demonstrated in
any previous study involving older men with PCa who underwent RP. The
present finding may justify the choice of testosterone replacement therapy in
older PCa patients with sexual dysfunction.
It is established that gonadotropic hormones, LH and FSH are involved in
enhancing the production of androgens by stimulation of Leydig cells to produce
testosterone and the production of androgen-binding protein by the Sertoli cells
of the testes respectively [15]. Against expectations, LH and FSH did not exert
any significant influence on either Te or sexual functions in the present study.
To the best of our knowledge, no studies are found in literature investigating the
relationship between the gonadotropic hormones and sexual functions in PCa
patients after RP. Studies have mostly demonstrated that sexual health after RP
is strongly dependent on patient’s age, aging, tumor characteristics, depression,
distress and disease progression [5] [25] [26]. Furthermore, a previous study
found a remarkable positive correlation between T and LH before surgery, but
not after RP [27]. These present findings therefore suggest that gonadotropic
hormones, LH and FSH, may not play any significant roles in the sexual dysfunctions associated with radical prostatectomy. Furthermore, the observed influence of Te on sexual functions appears independent of the influence of the LH
and FSH levels during the postoperative period.
A potential limitation of the present study is that the study sample size was
relatively small and we could not measure the preoperative baseline values of the
hormone for further comparative analysis.

3.2. Conclusion
This study indicated that radical prostatectomy affects reproductive hormones
by increasing LH and FSH concentrations, while Te concentrations remain stable after surgery. Postoperative total Te concentrations are significantly associated with the postoperative sexual functions after RP and appear to be the
strongest predictor for sexual function compared with LH and FSH. These findings may have clinical implications for the treatment of sexual dysfunction in
prostate cancer patients who underwent RP.
DOI: 10.4236/asm.2020.104008
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