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Abstract
Background: Benign Prostatic Hyperplasia (BPH) is a common condition
which occurs as men get older. Aim: We aimed at investigating the reproductive hormone profile of men with BPH and the relationship of these hormones with age. Methods: Twenty-nine men of age > 40 years were screened
for prostate symptoms. The prostate examination included digital rectal examination and measurement of serum prostate-specific antigen levels. Demographic and clinical characteristics of subjects were obtained using a
structured questionnaire. The serum levels of Testosterone (Te), Luteinizing
hormone (LH), Follicle stimulating hormone (FSH) and Prolactin (PRL) were
measured using ELISA method. Results: Our study indicated that age and levels of prostate specific antigen (PSA), LH and FSH were significantly (p <
0.05) higher in men with BPH compared with healthy controls. In contrast,
the control group indicated significantly (p < 0.05) higher Te level compared
with the BPH group. In patients with BPH, age was significantly (p < 0.05)
correlated with the hypothalamic-pituitary-testicular axis hormones (LH, FSH
and PRL), but not with the sex hormone, and testosterone. Majority (62.1%) of
the patients with BPH indicated they had poor libido, while none of them indicated regular sexual activity with their spouses. Conclusion: This study suggests that the rise in serum levels of the hypothalamic-pituitary-testicular axis

Sep. 14, 2020

1121

Health

B. I. G. Adejumo et al.

hormones in BPH patients as demonstrated by the present findings may be
age-related since testicular dysfunction in aging men is associated with the
decrease in androgen production which may stimulate an increased production of gonadotropins by negative feedback.
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1. Introduction
Benign prostatic hyperplasia (BPH), also called prostate enlargement, is a noncancerous increase in size of the prostate gland resulting in bladder outlet obstruction and lower urinary tract symptoms such as frequent urination, urinary
urgency, trouble starting to urinate, weak stream, dribbling at the end of urination, nocturia, urinary incontinence and inability to urinate [1]. According to
the National Institute of Diabetes and Digestive and Kidney Diseases approximately 50% of men aged 51 - 60 years and nearly 90% of men over 80 years of
age are living with this condition [1].
The cause of BPH is not well understood. However, aging and hormonal alterations and factors relating to the testes appear to be the main factors responsible for the development of BPH [2]. Age has been proved to play a role in the
progressive development of pathologic and clinical BPH as virtually all men
present with histological BPH as they grow [3] [4]. Age itself seems to increase
the risk of BPH through changes in the endocrine environment, which leads to
an imbalance between stimulatory and inhibitory growth factors [5]. It is well
established that androgens are essential for prostate development and play a
major role in the pathophysiology of BPH [2].
Little is known about the role of the hormones of the hypothalamic-pituitarygonadotropic axis on the effect of benign prostatic enlargement. However, testosterone synthesis and male fertility are controlled by the perfect coordination
of the hypothalamic-pituitary-gonadal axis through a negative feedback mechanism [6]. The hypothalamus secretes gonadotrophin releasing hormone (GnRH)
in a pulsatile fashion, which stimulates the anterior pituitary gland to secrete two
hormones vital for reproduction, follicle-stimulating hormone (FSH) and luteinizing hormone (LH), as well as adrenocorticotropin, growth hormone, prolactin, and thyroid-stimulating hormone [7]. Luteinizing hormone and FSH act on
cells in the testes including Leydig, Sertoli and germ cells to produce testosterone, inhibin B and androgen-binding protein [6].
The role of age-related serum hormones, including the androgens and gonadotropins, in patients with BPH, is far from a complete understanding and requires further investigation. It is therefore imperative to improve our understanding of the hormonal profile of men with BPH and the relationship between
DOI: 10.4236/health.2020.129082
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age and the hormones from hypothalamic pituitary-testicular axis in men with
BPH. We therefore aimed at investigating the reproductive hormone profile of
men with BPH and the relationship of these hormones with age.

2. Methodology
2.1. Subjects
A total of 59 male participants (29 patients with BPH and 30 healthy controls) of
age ≥ 40 years were included in this study. The patients with BPH were recruited
from Urology Clinic at Central Hospital, Benin City, while the controls were recruited at different locations in Benin City. Prostate examination involving digital rectal examination and measurement of serum PSA levels was conducted in
the Urology Clinic at Central Hospital, Benin City to determine men with BPH.
Men with abnormal findings by rectal examination or an elevated serum PSA
level (4.0 ng/mL) were referred for prostate biopsy to exclude the possibility of
prostate cancer. Demographic characteristics and detailed medical history, particularly about chronic systemic diseases such as diabetes mellitus and hypertension, smoking and drinking habits, age at first sexual intercourse, urinary tract
symptoms, current medications, family history of BPH, frequency of sexual intercourse and current rating of libido were obtained from all patients using
structured questionnaires. 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. Subjects with a known history of endocrine diseases, including hypogonadism, previous Te substitutive therapy and/or hormonal manipulation (including 5α-reductase inhibitors, androgen receptor blockers and LHreleasing hormone analogues), and those of age < 40 years were excluded from
the study. The adjunctive exclusion criteria were a classification of Eastern Cooperative Oncology Group (ECOG) grade > 1, previous radiation therapy and
chronic ingestion of alcohol or other drugs, including steroids, barbiturates,
spironolactone and cimetidine, that may have interfered with the serum hormone levels.

2.2. Hormonal Measurements
Blood samples were collected by venipuncture between 8:00 and 11:00 a.m.to
minimize the effects of diurnal variation. Serum Testosterone, LH, FSH and PRL
levels were determined by ELISA method from Calibiotech ELISA kits (Te, LH,
FSH and PRL), CA 92020, USA, according to manufacturer’s instructions.

2.3. Data Analysis
Data was expressed as mean ± standard deviation or median (percentile 25 - 75)
for continuous data and percentages for categorical variables. Comparative analysis between the control and the BPH group data was done using non-parametric
DOI: 10.4236/health.2020.129082
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Mann-Whitney U test. Correlation tests involving two variables were done using
the Spearman’s Rank Correlation Coefficient. Test of significance was set at p <
0.05. All statistics were done using SPSS/IBM Software (version 20).

3. Results
The demographic and baseline characteristics of the study population are expressed in Table 1. Mann-Whitney test shows that men with BPA were older
and indicated a significantly higher PSA level compared with healthy control (p
< 0.001, respectively). Majority of the BPH patients were of age 61 - 70 years
(48.3%), while the control group was dominated by those aged ≤ 60 years (80%).
There were higher percentages of participants (control, 96.7%; BPH patients,
48.3%) whose PSA levels fell within 0 - 2.4 ng/mL. Most of the subjects in control group were civil servants (86.7%), while retirees (37.9%) dominated the BPH
group population. A greater percentage of the study population (BPH patients,
100%; control, 76.7%) were married.
Table 2 shows selected clinical characteristics of the patients with BPH at
baseline. The subjects were non-smokers, non-drinkers and did not indicate
presence of blood in their urine. Majority of the patients had their first sexual
experience at >20 years of age (69%), had difficulty urinating (89.7%), had no
Table 1. Demographic and baseline characteristics of the study population.
Characteristics

Control, n = 30
Mean ± SD or n (%)

Men with BPH, n = 29
Mean ± SD or n (%)

Age (yrs) ‡

46.9 ± 12.5

66.5 ± 10.4

≤60

24 (80.0)

8 (27.6)

61 - 70

5 (16.7)

14 (48.3)

≥71

1 (3.3)

7 (24.1)

PSA (ng/mL) ‡

0.14 ± 0.74

12.1 ± 25.3

0 - 2.4*

29 (96.7)

14 (48.3)

2.5 - 3.9*

0 (0)

3 (10.3)

4 - 10.0*

0 (0)

4 (13.8)

>10.0*

1 (3.3)

8 (27.6)

z

p Value

−5.15

<0.001

−5.82

<0.001

Occupation
Businessmen*

2 (6.7)

1 (3.4)

Civil Servants*

26 (86.7)

8 (27.5)

Farmers*

0 (0)

6 (20.7)

Retirees*

0 (0)

11 (37.9)

Unemployed*

0 (0)

3 (10.3)

Unskilled*

1 (3.3)

0 (0)

Married*

23 (76.7)

29 (100)

Single*

7 (23.3)

0 (0)

Marital Status

Abbreviations and symbols: SD, standard deviation; n (%), Number of participants (percentage). PSA,
Prostate Specific Antigen; ‡Mean ± SD; *n (%).
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Table 2. Selected clinical characteristics of the patients with BPH at baseline.
Characteristics

Number of Subjects

Percentage

Smoking Habit
Smokers

0

0

Non-smokers

29

100

Drinking Habit
Current drinkers

0

0

Non-drinkers

29

100

≤20 yrs

9

31.0

>20 yrs

20

69.0

Can’t Remember

0

0

No

3

10.3

Yes

26

89.7

No

29

100

Yes

0

0

Age of 1st Sexual Intercourse

Difficulty Urinating

Presence of Blood Urine

Family History of Prostate Enlargement
No

21

72.4

Yes

5

17.2

No Idea

3

10.3

None

20

68.9

Yes

9

31.1

No Response

0

0

Medication

Frequency of Sexual Intercourse (per month)
Zero (None)

4

13.8

1 - 2 times (Rarely)

13

44.8

3 - 4 times (Occasionally)

12

41.4

≥5 times (Regular)

0

0

Poor

18

62.1

Fair

3

10.3

Good

8

27.6

Current Libido

family history of BPH (72.4%), and were not currently taking any medications
for symptoms associated with BPH (68.9%). A greater percentage (44.8%) rarely
had sex, while none of the men indicated having regular sexual intercourse with
their spouse or partners. Majority of the patients indicated they had poor libido,
while 27.6% stated they had good libido.
The serum testosterone, LH and FSH levels in men with BPH in comparison
DOI: 10.4236/health.2020.129082
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with healthy control are shown in Table 3. Mann-Whitney U test indicated a
significantly greater FSH (p = 0.003), LH (p ≤ 0.001) and PRL (p < 0.001) levels
in men with BPH compared with the control group. On the other hand, the control group indicated significantly (p = 0.019) higher Te level compared with the
BPH group.
The distribution of sex hormone levels by age group of patients with benign
prostatic hyperplasia is shown in Table 4. Data show steady decline in testosterone level as age increases. On the other hand, LH, FSH and PRL levels indicated
linear increases with increase in age.
Table 5 shows the correlation test between age and the reproductive hormones in men with benign prostatic hyperplasia. Spearman ranking test indicated significant positive associations between age and FSH (p = 0.001), LH (p =
Table 3. Serum testosterone, LH and FSH levels in men with benign prostatic hyperplasia.
Control,
n = 30

Men with BPH,
n = 29

Median (percentile 25 - 75)

4.4 (2.5 - 5.7)

3.0 (1.1 - 4.4)

Mean ± SD

5.10 ± 3.92

3.17 ± 2.79

Mean Rank

35.13

24.69

Median (percentile 25 - 75)

14.2 (9.8 - 20.1)

23.1 (14.2 - 76.1)

Mean ± SD

16.66 ± 9.15

43.83 ± 38.52

Mean Rank

23.43

36.79

Median (percentile 25 - 75)

5.9 (3.6 - 7.3)

10.1 (6.6 - 14.7)

Mean ± SD

5.56 ± 2.77

12.92 ± 12.13

Mean Rank

22.22

38.05

Median (percentile 25 - 75)

0 (0 - 0.55)

21.0(13.3 - 24.3)

Mean ± SD

0.26 ± 0.47

31.79 ± 40.19

Mean Rank

15.50

45.0

Hormones

z

p Value

−2.33

0.019

−2.98

0.003

−3.54

<0.001

−6.77

<0.001

Te (ng/mL)

FSH (mIU/mL)

LH (mIU/mL)

PRL (ng/mL)

Abbreviations: SD, Standard deviation; Te, Testosterone; FSH, Follicle stimulating hormone; LH, Luteinizing hormone; PRL, Prolactin.

Table 4. Mean ± SD of the reproductive hormones according to age classifications of patients with benign prostatic hyperplasia.
Age Groups (yrs)

n

Te (ng/mL)

LH (mIU/mL)

FSH (mIU/mL)

PRL (ng/mL)

≤60

8

4.27 ± 2.19

9.27 ± 5.38

16.43 ± 10.43

21.97 ± 10.25

61 - 70

14

3.34 ± 3.23

12.07 ± 6.87

47.04 ± 33.28

30.50 ± 37.48

≥71

7

1.58 ± 1.88

18.78 ± 22.16

68.71 ± 51.50

45.61 ± 63.37

Abbreviations: SD, Standard deviation; Te, Testosterone; FSH, Follicle stimulating hormone; LH, Luteinizing hormone; PRL, Prolactin.
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Table 5. Relationship between age and reproductive hormones in men with benign prostatic hyperplasia.
Age vs.

n

Coefficient (r)

p Value

Te

29

−0.275

0.149

FSH

29

0.605

0.001

LH

29

0.409

0.028

PRL

29

0.370

0.048

Data presented as Spearman’s Rank Correlation Coefficient. Abbreviations: Te, Testosterone; FSH, Follicle
stimulating hormone; LH, Luteinizing hormone; PRL, Prolactin; r, Correlation coefficient.

0.028), and PRL (p = 0.048). In contrast, non-significant negative correlation was
observed between age and testosterone level (r = −0.275; p = 0.149).

4. Discussion
The present study had several important findings. Age and levels of PSA, LH
and FSH were significantly higher in men with BPH compared with healthy
controls. In contrast, the control group indicated significantly higher Te level
compared with the BPH group. In patients with BPH, age was significantly associated with the hypothalamic-pituitary-testicular axis hormones (LH, FSH and
PRL), but not with the sex hormone, testosterone. Majority (62.1%) of the patients with BPH indicated they had poor libido, while none of them indicated
regular sexual activity with their spouses.
Age is the primary etiologic factor that is largely accepted to play a role in the
pathogenesis of BPH [8]. The present result in which men with BPH were significantly of greater age than their control is therefore in agreement with the established fact that the incidence of BPH is a disease that develops in men as they
age; approximately 50% of men aged 51 - 60 years and nearly 90% of men over
80 years of age are living with this condition [3]. Age has been proved to play a
role in the progressive development of pathologic and clinical BPH as virtually
all men present with histological BPH as they grow [4]. Furthermore, the diagnosis of benign prostatic hyperplasia is most often based on symptoms such as
abnormally high blood PSA level. In this study, we observed a higher serum level
of PSA in patients with BPH compared with the healthy control. Prostate volume has also been strongly related to serum PSA in men with BPH [9].
It is well established that androgens are essential for prostate development and
play a major role in the pathophysiology of BPH [2]. The results of the present
study which indicated significantly lower testosterone levels in men with BPH
compared with the healthy controls, is in contrast with previous studies which
found no significant difference in serum Te between control subjects and men
with BPH [10] [11]. In another study involving African-American men, it was
found that that large prostrate volume was marginally associated with increased
total testosterone levels [12]. Furthermore, a previous study did not indicate any
significant correlation in serum testosterone level and prostate volume in coDOI: 10.4236/health.2020.129082
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horts with BPH [13].
Little is known with regard to the effect of benign prostatic enlargement on
the hypothalamic-pituitary hormone axis. However, it is known that 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 [6]. Physiologic levels of prolactin in
males have also been shown to enhance luteinizing hormone-receptors in Leydig
cells, resulting in testosterone secretion, which leads to spermatogenesis [14]. On
the other hand, elevated levels of prolactin have been reported to decrease the
levels of sex hormones-estrogen in women and testosterone in men [15]. The
present study indicated significantly higher levels of the gonadotropins (LH,
FSH) and PRL in the BPH patients compared with the control. Our findings
agree with a previous study which reported significant increase in serum LH and
FSH levels with increase in measures of BPH [16]. It is thought that the rise in
serum gonadotropin levels as seen in this study may be age-related since testicular dysfunction in aging men is associated with the decrease in androgen production, which may stimulate an increased production of gonadotropins by negative feedback [12]. Furthermore, we found significantly higher values of PRL in
BPH compared with the control. This is in disagreement with previous studies
which have previously demonstrated no significant relationships between PRL
and measures of BPH [12]. Nevertheless, there is a growing evidence to show
that PRL stimulates proliferation and differentiation of prostatic epithelial cells
[17] [18]. Several studies [19] [20] [21], on rodent models which have demonstrated over-expression of PRL suggest the involvement of PRL in BPH. However, there are no data so far indicating a direct role for PRL in BPH in humans.
In order to understand the effect of the age-related BPH on the hormones of
the hypothalamo-pituitary-testicular axis, we sought to investigate the relationship between age and levels of testosterone, LH, FSH and PRL. We believe this
will help in elucidating the complex endocrinology of aging men prone to BPH
and the physiology of reproductive capacity, and clinically assessment of sexual
functions such as loss of libido or decreased sexual performance among men
with BPH. The present study indicated that there was no significant association
between age and total testosterone level, even when negative correlation was established. In contrast, there were significant positive correlations between age
and LH, FSH and PRL. It has been previously established that testosterone decline, whereas LH, FSH rise with increase in age [22].
A previous study indicated a rise in serum prolactin with increasing age in
men [23], where as another study [24] indicated no age effect on PRL. It is however not clear whether the relationship between age and testosterone is universal
or inevitable. For example, other studies have shown that testosterone levels may
not vary with age or even increase with age in some men [25] [26]. The lack of
significant association between age and testosterone observed in this study may
be explained by the fact that many of the older men in this study had levels of
DOI: 10.4236/health.2020.129082
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testosterone similar to those observed in younger men.
Our result is in agreement with already established fact that the pituitary gonadotrophins, LH and FSH increase with age in men [22]. The rise in FSH and
LH with increasing age is consistent with the decline in testosterone, assuming
normal operation of the feedback pathway by which low testosterone level signals the hypothalamic-pituitary axis to release FSH and LH [27]. The implication of this is that aging effects on testicular function may be compensated by
increases in LH and FSH.
It is noteworthy, that none of the men with BPH indicated regular sexual activity with their spouses. Similarly, majority (62.1%) of the patients with BPH
indicated poor current libido. It is not clear if these poor sexual functions in men
with BPH are age related or associated with their reproductive hormonal profile
or other underlying non-hormonal factors that may inhibit or attenuate sexual
functions. This calls for further studies to elucidate these facts.
A potential limitation of the present study is the relatively small sample size and
our inability to assay free or bioavailable testosterone, or sex hormone-binding
globulin which were excluded due to their cost.

5. Conclusion
The present study indicated that BPH is associated with increase in LH, FH and
PRL levels, and a decline in testosterone level. The significant positive correlations observed between age and LH, FSH and PRL suggest that the rise in serum
gonadotropin levels as seen in this study may be age-related since testicular dysfunction in aging men is associated with the decrease in androgen production
which may stimulate an increased production of gonadotropins by negative
feedback. More studies are needed to further unravel, the complex endocrinology of aging men prone to BPH in order to assess the decline in sexual performance in men with BPH.
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