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Seminal Plasma Growth Hormone Levels in Acromegaly

Cicek et al.

The Relationship Between Serum Growth Hormone, 
Seminal Plasma Growth Hormone, and Sperm 
Parameters in Patients with Acromegaly in Remission

ABSTRACT

Objective: The influence of serum insulin-like growth factor-1 (IGF-1) and growth hormone (GH) on 
sperm parameters has been previously described in patients with acromegaly. However, the relation-
ship between local GH/IGF-1 with systemic levels and sperm parameters in patients with acromegaly 
has not been established. In this study, we investigated the effects of seminal plasma hormone levels 
on sperm parameters in patients with acromegaly.

Methods: This cross-sectional study was conducted on 24 patients with acromegaly in remission and 
16 men without chronic disease and/or hypogonadism. Seminal plasma GH and IGF-1 were mea-
sured. Semen parameters and seminal plasma hormone levels were compared.

Results: The acromegaly group had higher levels of serum GH (0.475 IQR (0.245-0.770) ng/mL) com-
pared to the control group (0.08 IQR (0.03-0.159) ng/mL) (P < .001). Although seminal plasma GH 
levels were higher in the acromegaly (114 ± 82 pg/mL) than in the control group (61 ± 39 pg/mL) 
(P = .004), seminal plasma IGF-1 levels were similar (P = .203). Serum GH was positively correlated 
with seminal plasma GH (r = 0.489, P = .001) and negatively correlated with sperm count (r = −0.337, 
P = .039) and fast-forward motility (r = −0.360, P = .023). There was no correlation between seminal 
plasma hormone levels and semen parameters (P > .05 for all).

Conclusion: The findings suggested that sperm count may be adversely affected in patients with 
acromegaly despite an intact hypot halam ic–pi tuita ry–go nadal  axis and disease control. The seminal 
plasma hormone levels seemed not to be correlated with semen alterations.
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Introduction

Acromegaly is characterized by physical, metabolic, rheumatological, respiratory, and cardiac 
impairments.1 It is also well-acknowledged that patients with acromegaly may experience 
reproductive abnormalities. Male patients with acromegaly can present with sexual dysfunc-
tion and infertility.2

The presence of growth hormone (GH) receptors in the testicles and hypothalamus supports 
the notion that male fertility is under the control of GH.3 Since GH can act on multiple levels of 
the hypot halam us–pi tuita ry–te sticu lar axis, patients with acromegaly may suffer from sexual 
dysfunction stemming from various causes.4 In our recent study, we found that testosterone 
levels were lower and sperm parameters were impaired in patients with acromegaly.5 We also 
showed that the impairments in testicular functions become more evident with increasing 
serum GH and insulin-like growth factor (IGF-1), suggesting their detrimental effect on male 
fertility. Similar to the serum, seminal plasma contains a wide range of bioactive molecules 
that can directly influence sperm function and fertilization. Based on previous studies that 
showed the presence of seminal plasma GH and IGF-1, as well as their potential effect on 
male fertility,6,7 we aimed to investigate the relations among serum GH and IGF-1 levels, semi-
nal plasma GH and IGF-1 levels, and semen indices in patients with acromegaly.

Materials and Methods

This study was conducted in Endocrinology, Metabolism, and Diabetes and Urology outpa-
tient clinics of a tertiary care university hospital between 2021 and 2022. The present study 
was approved by the Ethics Committee of İstanbul University Cerrahpaşa Faculty of Medicine 
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(approval number: 2021-90-273; date: May 05, 2021.). All participants 
provided written informed consent.

Subjects
Patients with acromegaly and control men were included. The eli-
gible patients with acromegaly were recruited between September 
2021 and February 2022 during their routine follow-up visits. The 
control subjects were selected among healthy volunteers (healthy 
controls, HCs).

The diagnosis of acromegaly was confirmed in all patients. The inclu-
sion criteria for all participants were: i) age 18-65 years, ii) having a 
regular sexual partner, iii) consent to participate. The exclusion crite-
ria for all participants included the presence of i) history of hypogo-
nadism or testosterone and/or gonadotropin replacement therapy, 
ii) hyperprolactinemia, iii) previous conditions that could affect 
semen parameters (such as orchiectomy, infections, varicocele, or 
trauma), iv) neurological and/or psychiatric diseases, substance or 
alcohol abuse, v) overt hypothyroidism or hyperthyroidism, vi) acute 
medical conditions (such as sepsis or acute coronary syndrome) and 
major organ failure (hepatic, renal, cardiac), vii) active malignancy or 
previous history of chemotherapy, viii) presence of genetic diseases 
affecting sexual development (such as Klinefelter syndrome), and ix) 
alcoholism.

Procedures

Clinical and Laboratory Assessments: A study visit was planned for 
each eligible participant at 8:00 am. During the study visit, relevant 
demographic and clinical data were collected. Fasting blood samples 
were obtained at 8:30 am, and serum levels of GH, IGF-1, follicle-
stimulating hormone, luteinizing hormone, prolactin, thyroid 
hormones, and testosterone levels were determined. Serum levels of 
these hormones were measured using the elect roche milum inesc 
ence immunoassay method.

Semen analyses were performed after 72 hours of sexual absti-
nence based on the last edition of the “WHO Laboratory Handbook 
Examining and Processing Human Semen.”8 The details of macro-
scopic and microscopic examination were provided elsewhere.5

After the semen analysis, the seminal samples were centrifuged 
twice at 3000 rpm for 10 minutes each time. The plasma portion was 
then collected in Eppendorf tubes and stored at −80°C until analyses. 

Seminal plasma GH and IGF-1 levels were measured by enzyme-
linked immunoassays using commercially available kits (Quantikine 
ELISA, catalog no.: DGH00 and Rockville, catalog no.: EA102183, 
respectively).

Endocrinological Definitions
Endocrinological definitions and treatment protocols for acromegaly 
were based on internationally agreed guidelines.9 Remission was 
determined by the presence of basal GH < 1 μg/L and normal IGF-
1.10 The definition of hypogonadism was made according to the pres-
ence of clinical symptoms and signs of testosterone deficiency with 
unequivocally and consistently low serum testosterone levels (<300 
ng/dL).11,12

Statistical Analyses
Statistical analyses were performed using SPSS version 29.0 (IBM 
SPSS Corp.; Armonk, NY, USA). Continuous data were presented as 
means and standard deviations, or median and interquartile range 
(IQR) (25%-75%) based on the distribution. Independent samples 
t-test and Kruskal–Wallis test were used to evaluate differences in 
continuous parameters. Differences in categorical parameters were 
analyzed using the Pearson chi-square test. Correlation analyses 
were performed with Spearman’s rank correlation test.

Results

Participant Characteristics
A total of 24 acromegaly patients and 16 control men were enrolled. 
The general features of the acromegaly and control groups are shown 
in Table 1. The groups were comparable in terms of age, marital sta-
tus, body mass index, and smoking status. The age at presentation 
was 38 ± 8.9 years in patients with acromegaly, and median duration 
of the disease was 73 months (IQR: 45.5-99.5 months).

In the acromegaly group, 22 patients (91.6%) had a history of trans-
sphenoidal surgery, 1 patient (4.2%) had received additional pituitary 
radiotherapy, and 1 patient (4.2%) refused transsphenoidal surgery 
and received somatostatin receptor ligand as primary therapy. At the 
time of assessment, 18 patients with acromegaly (75%) were using 
somatostatin receptor ligand, and no patient was on pegvisomant. 
All patients with acromegaly were in remission. In the acromegaly 
group, 4 patients had diabetes (16.7%) and 2 patients had hyperten-
sion (8.3%).

Comparison of Laboratory Parameters
Patients with acromegaly had higher levels of serum GH and IGF-1, 
and lower total testosterone levels compared to HCs (Table 1). Other 
laboratory features are shown Table 1.

Comparisons of Semen Parameters and Semen Hormone Levels
The semen parameters of study groups are revealed in Table 2. 
Patients with acromegaly had lower total sperm count, sperm con-
centration, and percentage of sperm with normal morphology com-
pared to HCs (Figure 1). The sperm motility showed no difference 
among the groups.

Patients with acromegaly had higher levels of seminal plasma GH 
compared to HCs (Table 2, Figure 2). Seminal plasma IGF-1 levels 
were similar (Table 2).

In this study, 18 patients with acromegaly (75%) were on SLAR treat-
ment. The comparison between SLAR users and non-users was pre-
sented in Table 3. The subgroups did not differ in sperm parameters, 
seminal plasma GH and IGF-1 levels.

MAIN POINTS
• This study provided the first piece of data on the seminal 

plasma growth hormone and insulin—like growth factor-1 lev-
els in patients with acromegaly.

• The findings of this study suggested that sperm parameters 
may be negatively affected in patients with acromegaly despite 
an intact hypot halam ic–pi tuita ry–go nadal  axis and disease 
control.

• The sperm alterations in patients with acromegaly appear to be 
related to elevated serum growth hormone levels.

• Seminal plasma growth hormone and insulin-like growth fac-
tor levels did not appear to have a major impact on sperm 
alterations.

• The effects of seminal plasma hormones on testicular function 
merit further attention.
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In our study sample, serum GH was positively correlated with seminal 
plasma GH (r = 0.489, P = .001) (Figure 3) and negatively correlated with 
sperm count (r = −0.337, P = .039) and fast-forward motility (r = −0.360, 
P = .023). On the contrary, there was no significant correlation between 
seminal plasma hormone levels and semen parameters (P > .05 for all).

Discussion

In the present study, eugonadal patients with acromegaly who 
had controlled disease exhibited lower sperm count and sperm 

concentration in comparison to control men. The percentage of 
sperm with normal morphology was also lower in the acromegaly 
group. These findings underpin the negative impact of acromegaly 
on male fertility despite disease control. We provided evidence 
regarding the seminal levels of GH and IGF-1 in patients with acro-
megaly. The patients had higher levels of seminal plasma GH com-
pared to the control group. The positive association between serum 
and seminal plasma GH was noteworthy. The sperm count and fast 
forward motility were negatively affected by increasing levels of 
serum GH. Contrary to plasma growth hormone, seminal plasma GH 
and IGF-1 did not appear to affect semen parameters. These findings 

Table 1. Demographic and Laboratory Parameters of the 
Study Groups
Features Acromegaly (n = 24) Control (n = 16) P
Age (years) 44.2 ± 8.9 42.5 ± 9.4 .573
Marital status, 
n (%)

  1.0

 Married 20 (83.3) 14 (87.5)  
 Single 3 (12.5) 2  
 Divorced 1 (4.2) 0 (0)  
Child(ren), n (%) 19 (79.2) 12 (75) 1.0
Smoking, n (%) 10 (41.7) 4 (25) .329
Body mass 
index (kg/m2)

27.6 ± 3.3 25.7 ± 5.5 .184

GH (µg/L) 0.475 [0.245-0.770] 0.08 [0.03-0.159] <.001
IGF-1 (µg/L) 173 [146-236] 146 [123-183] .034
IGF-1 upper 
limit of normal

0.7 [0.5-0.9] 0.5 [0.4-0.6] .040

FSH (U/L) 4.1 [3.3-6.3] 3.2 [2.7-4.2] .149
LH (U/L) 4.3 ± 1.7 4.8 ± 2.7 .433
Total 
testosterone 
(ng/dL)

359 ± 50 436 ± 109 .016

Prolactin (µg/L), 
median (IQR)

10 [6-13] 11 [9-14] .323

Continuous data were presented as mean ± standard deviation or median 
(interquartile range) according to normality.
GH, growth hormone; IGF-1, insulin-like growth factor 1; FSH, follicle-
stimulating hormone; LH, luteinizing hormone.

Table 2. Seminal Plasma Hormone Levels and Sperm 
Parameters

 
Acromegaly 

(n = 24)
Healthy 

Controls (n = 16) P
Seminal volume (mL) 2.3 [1.6-3.8] 3 [2.1-3.8] .120
Sperm concentration 
(mil/mL)

30 [20-40] 45 [40-90] .003

Total sperm count (mil/
ejaculate)

60 [44-105] 120 [120-181] <.001

Total motile sperm (%) 58 [50-58] 58 [51-65] .436
 Rapid progressive 25 [25-25] 25 [25-30] .212
 Slow progressive 30 [25.5-30] 29 [25-32.3] .795
 Non-progressive 3 [3-3] 3 [2.3-5] .212
Sperms with normal 
morphology*, n (%)

  .004

 <1% 3 (12.5) 0 (0)  
 1%-4% 15 (63.5) 4 (25.0)  
 >4% 6 (25) 12 (75.0)  
Seminal plasma GH 
(pg/mL)

80 [56-174] 48 [33-86] .027

Seminal plasma IGF-1 
(pg/mL)

301 ± 152 412 ± 252 .129

*Normal morphology is was defined as 4% or higherContinuous parame-
ters were presented as mean ± standard deviation or median [interquar-
tile range]. 
GH, growth hormone; IGF-1, insulin-like growth factor-1.

Figure 1.  The comparison of sperm concentration, count, and motility between the acromegaly group and the control group.
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led to speculation that the impact of GH on male fertility appears to 
be primarily driven by its circulating concentrations rather than its 
seminal plasma levels.

Although impaired gonadal function is a frequent problem for 
acromegaly patients,13 the scientific knowledge about sperm alter-
ations in acromegaly patients is scant. In the last decade, only a 
few studies investigated semen alterations in acromegaly patients, 
and except for one, all studies reported impaired semen param-
eters.5,14,15 The present study contributes to the growing body of 
evidence supporting the impaired sperm parameters in acromeg-
aly patients.5,15,16 Particularly, the observation of low sperm count 
and sperms with normal morphology despite disease control high-
lights the importance of addressing reproductive health issues in 

the management of acromegaly patients, even in the remission 
setting.

The sperm abnormalities in acromegaly patients have been attrib-
uted to various factors, with low androgen levels being one of the 
primary considerations. However, none of the acromegaly patients in 
the present study had hypogonadism. This observation supports the 
unique impact of GH hypersecretion on sperm alterations observed 
in acromegaly patients. A plethora of evidence has suggested that 
Sertoli cells, Leydig cells, and spermatozoa are plausible targets 
for the actions of circulating GH and IGF-1.17 On the other hand, 
the effects of local GH and IGF-1 found in seminal plasma on tes-
ticular functions remain to be established. To date, few studies have 
assessed the role of seminal plasma GH and IGF-1 in the reproduc-
tive system.6,7,18 The majority of these studies have focused on men 
with decreased sperm motility, low sperm counts, or infertility. To our 
knowledge, there is no study that has evaluated the seminal plasma 
GH and/or IGF-1 levels and their relations with sperm parameters in 
acromegalic men.

We found that acromegaly patients had higher levels of seminal 
plasma GH compared to the other groups. The correlation of serum 
GH with seminal plasma GH levels implies an influence of serum GH 
on the hormonal environment within the male reproductive tract. It 
can be argued that seminal plasma GH may be a surrogate marker of 
serum GH or vice versa. Given the increased levels of seminal plasma 
GH with increasing levels of serum GH and low sperm count in acro-
megaly patients, we proposed that the negative effect of excess 
serum GH on sperm count may be mediated through increased semi-
nal plasma GH in acromegaly patients. However, we did not find a rela-
tion between seminal plasma GH and sperm parameters. Previously, 
lower seminal plasma GH has been associated with decreased sperm 
motility.6,19 In the present study, although the control group had 
lower seminal plasma GH than the acromegaly group, sperm motility 
showed no difference. Overall, our results implied that the negative 
impact of GH excess on male fertility is related to its systemic levels 

Figure 2.  The comparison of seminal plasma growth hormone 
levels between study groups.

Table 3. Comparison of Seminal Plasma and Serum 
Parameters Between SLAR Users and Non-Users

 
SLAR Users 

(n = 18)
SLAR Non-
Users (n = 6) P

Seminal volume (mL) 2.4 ± 1.4 2.9 ± 0.9 .396
Sperm concentration 
(mil/mL)

30 [20.8-40] 22 [6.5-37.5] .199

Total sperm count 
(mil/ejaculate)

60 [43.5-110] 60 [30.5-40] .880

Total motile sperm (%) 58 [53.3-58] 58 [36-59.8] .820
 Rapid progressive 25 [25-25] 25 [11.2-26.3] .537
 Slow progressive 30 [26.5-30] 30 [20-30.8] .820
 Non-progressive 3 [3-3] 3 [2.8-40] .626
Sperms with normal 
morphology*, %

16.7 50 .378

Seminal plasma GH 
(pg/mL)

79.6 [59.7-193.6] 98.1 [47.8-165.7] .871

Seminal plasma IGF-1 
(pg/mL)

290.3 
[170.5-362.6]

323.5 
[267.6-467.9]

.310

Serum GH 0.520 
[0.270-0.810]

0.250 
[0.120-0.800]

.224

Serum IGF-1 184.6 ± 58 187.2 ± 84.8 .935
Continuous parameters were presented as mean ± standard deviation or 
median [interquartile range].
GH, growth hormone; IGF-1, insulin-like growth factor-1; SLAR, long act-
ing somatostatin analog.
*Normal morphology is defined as >4%.

Figure 3.  The correlation between serum and seminal plasma 
growth hormone levels.
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rather than local concentrations. Further investigations with larger 
sample sizes and more comprehensive assessments of male repro-
ductive health may provide deeper insights into the potential role of 
seminal GH in acromegaly-related semen alterations.

Our study did not reveal a difference in seminal plasma IGF-1 levels 
between patients with acromegaly and control men. One possible 
explanation for this finding may be that serum GH has no effect on 
testicular IGF-1 production.20 The absence of a correlation between 
serum GH and seminal IGF-1 in our study supports this notion. The 
extent to which systemic GH levels correlate with seminal IGF-1 lev-
els might depend on the degree of disease control. In this study, all 
the patients in the acromegaly group had controlled disease. It can 
be speculated that serum GH might affect seminal plasma IGF-1 levels 
once it reaches a certain threshold. Therefore, mildly elevated serum 
GH levels in the acromegaly group might have fallen short of increas-
ing seminal IGF-1, leading to comparable seminal IGF-1 levels. It is also 
possible that intratesticular production of IGF-1 induced by GH may 
be confined within the testicular cellular compartments and therefore 
may not be detectable in seminal plasma. The presence of IGF-1 pro-
duction by the prostate gland could also influence the comparison of 
seminal plasma IGF-1 levels between acromegaly patients and oth-
ers.21 Previously, it has been shown that seminal plasma IGF-1 levels 
exhibit substantial random fluctuations within the same individual or 
are diluted distally due to fluid production by prostate.22 If this is so, 
the similar levels of seminal plasma IGF-1 cannot dispute the direct 
effect of GH on testicular IGF-1 production in acromegaly patients.

Another finding of our study was the lack of correlation between 
seminal plasma IGF-1 levels and semen parameters. Indeed, evi-
dence regarding the association between seminal plasma IGF-1 lev-
els and semen parameters is conflicting. Some studies conducted 
on infertile men have proposed that elevated seminal plasma IGF-1 
levels may be associated with infertility, suggesting a possible detri-
mental effect on sperm quality and function.18,23 Conversely, animal 
models and studies conducted on patients with fertility problems 
and healthy men have reported a potential beneficial impact of 
seminal plasma IGF-1 on sperm parameters.24,25 Additionally, no asso-
ciation was documented in men with abnormal sperm motility and/
or morphology.6,26 The discordant findings concerning the relation of 
seminal plasma IGF-1 and semen parameters may be related to local 
factors that such as IGF-2 and IGF-binding proteins that can alter the 
bioactivity and bioavailability of seminal plasma IGF-1. There is no 
study that has investigated the seminal plasma IGF-1 levels in acro-
megaly patients. Given the conflicting data in the literature, reported 
fluctuations in its seminal plasma levels, and the findings from our 
study, it is reasonable to assume that seminal plasma IGF-1 might not 
be a reliable marker for assessing gonadal function in acromegaly 
patients.

In the present study, the impaired sperm parameters in patients 
with acromegaly, despite an intact hypothalamo-gonadal axis and 
biochemical control of the disease, suggest that other factors, such 
as comorbidities and treatments, may play a role. The negative 
effects of diabetes mellitus and hypertension on semen quality are 
well-established.27 In this study, only 16% of patients had diabetes 
and 8% had hypertension. The relatively low prevalence of these 
comorbidities might minimize the impact that diabetes or hyper-
tension could have had on sperm quality, leaving other factors to 
be explored. Therefore, we also considered the plausible effects 

of acromegaly treatment. In this study, 75% of patients with acro-
megaly were on SLAR therapy. The specific effects of SLAR treatment 
on sperm parameters remain unclear, and scientific knowledge on 
its impact in animal studies is limited. In animal models, octreotide 
has been shown to affect testicular function, evidenced by reduced 
semen motility.28 This reduction has been linked to the octreotide-
induced decrease in GH levels. Nevertheless, it is uncertain whether 
the same effect occurs in humans when excess GH is normalized with 
SLAR treatment. In this study, sperm parameters and seminal plasma 
GH/IGF-1 levels did not differ between acromegalic patients receiv-
ing SLAR therapy and those who were not. A body of literature has 
shown that both low and high GH levels have been shown to neg-
atively affect gonadal function. Therefore, SLAR therapy, by bring-
ing elevated GH levels back to the normal range, might not have 
impacted sperm parameters adversely as anticipated. This hypoth-
esis is further supported by a study demonstrating improved sperm 
count and motility in acromegalic men after short-term suppres-
sion of GH and IGF-1 following somatostatin analogue treatment.15 
Overall, it can be proposed that the effect of SLAR on reproductive 
health might be more complex than initially expected, underpin-
ning the need for future research.

Some limitations of our study need to be acknowledged. The small 
sample size might have smoothened the differences in studied out-
comes; a larger sample size might have improved the power of analy-
sis. Another limitation would be the cross-sectional design. We also 
acknowledge that the selection of fertile men as a control group may 
not perfectly represent the broader population. On the other hand, 
we provided preliminary evidence about the information on seminal 
plasma GH and IGF-1 levels in patients with acromegaly. We acknowl-
edge that multiple semen analyses, instead of one, would provide 
more accurate information about reproductive biology.

We found that sperm count may be negatively affected in patients 
with acromegaly, even in the presence of an intact hypot halam ic–
pi tuita ry–go nadal  axis and disease control, highlighting the mul-
tifaceted nature of sperm abnormalities in acromegaly. The sperm 
alterations in patients with acromegaly appear to be correlated with 
elevated serum GH levels rather than increased seminal plasma GH. 
While our study provided important preliminary data on the seminal 
plasma GH and IGF-1 levels, the effects of seminal plasma GH and 
IGF-1 on the testicular function of acromegaly patients require more 
in-depth research.
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