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Abstract

Context: Although sexuality influences well-being and quality of life (QoL), studies on 
sexual dysfunction (SD) in adult growth hormone deficiency (AGHD) patients are lacking.
Objective: To investigate the prevalence of SD in AGHD patients grouped according to 
recombinant human growth hormone (r-hGH) therapy.
Design: Prospective, cross-over, 24 months, monocentric study.
Setting: Real-life clinical setting in a tertiary, endocrinological center.
Patients: 83 AGHD patients (31 women, 52 men, mean age 56.3  ± 14.7  years) were  
enrolled according to stringent criteria.
Intervention(s): Patients already on long-term r-hGH therapy (Group  1, n = 32) vs  
untreated (Group 2, n = 51).
Main outcome measure(s): Serum hormones, QoL Satisfaction in Hypopituitarism (QLS-
H) and QoL Assessment of GHD in Adults (QoL-AGHDA) questionnaires for QoL, Index for 
Erectile Function-15 (IIEF-15) in men, and Female Sexual Function Index (FSFI) in women 
for SD.
Results: The overall prevalence of SD was 71.2% (60% men, 89% women). All IIEF-15 scores 
were lower (P = 0.001) and erectile dysfunction was more prevalent in Group 2 (75%) than 
Group  1 (35%). IGF-1 was correlated to scores of all IIEF-15 domains, particularly with 
that of erectile function (EF) (R2=0.123, P = 0.019). EF domain score correlated with QLS-H 
(P < 0.005) and QoL-AGHDA (P = 0.001). Despite the high prevalence of female SD also in 
untreated AGHD women, FSFI scores did not correlate with IGF-1 levels and QoL scores.
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Conclusions. SD is highly prevalent in AGHD patients, especially in those untreated. SD 
represents an overlooked and neglected issue in AGHD, regardless the contribution of 
sexual life on QoL. The evaluation of sexual function should be integrated in the global 
assessment of AGHD patients.

Key Words: sexual dysfunction, adult growth hormone deficiency, quality of life, International Index of Erectile 
Function-15, Female Sexual Function Index

Growth hormone (GH) exerts many actions on several 
physiological processes by acting both directly and indir-
ectly through insulin growth factor 1 (IGF-1). In adults, 
GH deficiency (GHD) is characterized by impaired quality 
of life (QoL), altered body composition, and impaired lipid 
and glucose metabolism [1,2]. Treatment with recombinant 
human GH (r-hGH) is able to significantly improve QoL, 
serum lipids, and glucose tolerance [3-6]. QoL improve-
ment is one of the major endpoints of r-hGH therapy in 
adult GHD (AGHD) patients [1,2]. Although a satisfying 
sexual life is considered one of the major items contributing 
to a good QoL [7-9], sexual function has not been system-
atically investigated in AGHD patients by using specific 
and validated questionnaires for the assessment of patients’ 
sexuality. Information on sexual life of adult patients with 
GHD is indirectly available from questionnaires validated 
for the global assessment of QoL and well-being, where 
only some general items on sexuality are included [10-12]. 
At the moment, the relationship between GH and sexual 
function has been rarely investigated [13-15] and reviewed 
in men [16-19]. Conversely, no data on GH deficiency and 
r-hGH on female sexuality are available [16,20], except for 
a study showing no differences in sexual function between 
women with AGHD and controls, a study that was, how-
ever, limited by the small number of subjects and by the 
menopausal status of most of them [21].

In males, Brill et  al did not find any change of sexual 
function in a small group of older men without AGHD 
when physiological doses of r-hGH were administered alone 
or in combination to physiological doses of exogenous tes-
tosterone (T) [13]. Data coming from patients with acro-
megaly suggest that acromegalic men have an increased 
risk of developing ED, the latter being mainly related to 
comorbidities associated to acromegaly (eg, cardiovas-
cular and metabolic diseases) [14] rather than directly to 
GH excess. However, a direct role of GH excess has been 
suggested by Chen et  al [15]. GH seems to increase in 
serum and within the penile vessels during arousal and to 
decrease during penile detumescence [22], but opposite re-
sults showing no changes during the phases of erection are 
also available [16], thus leaving this observation controver-
sial. In a laboratory setting, r-hGH stimulates the produc-
tion of cyclic guanosine monophosphate by isolated human 

cavernous tissue [23], while in transgenic male mice with 
knockout for the GH gene, a reduced copulatory behavior, 
in terms of number of mounts, was documented [24].

The primary aim of this study was to investigate the 
prevalence of sexual dysfunction (SD) by using gender-
specific questionnaires, validated for the assessment of 
sexual function, in AGHD patients referring to a single, 
tertiary, endocrinological center and grouped according to 
r-hGH therapy. The secondary aim was to assess the cor-
relation between sexual function and QoL scores, r-hGH 
treatment, clinical and hormonal parameters. Here we re-
port baseline data on QoL and SD.

Subjects and Methods

Study design

In a prospective, cross-over, 24-month, open-label, 
monocentric study, performed in a real-life clinical set-
ting, we recruited AGHD patients attending the Unit of 
Endocrinology of Modena. The main goal of this study was 
to improve the management of AGHD (MAGHD), pro-
viding a comprehensive feedback to the clinician as well 
as a simple feedback to the patient. For achieving this ob-
jective, a smartphone app (MAGHD App), able to record 
patients’ answers to QoL and well-being questionnaires, 
was developed, and it was linked with a wearable device 
collecting patients’ daily activities (steps, burnt calories, 
sleep duration). The study protocol was composed of 2 
consecutive phases: (i) the first year, when patients per-
formed their biannual clinical, biochemical, and hormonal 
analysis coupled with a multidimensional assessment based 
on filling in a set of self-reported questionnaires, according 
to our standard clinical practice, and (ii) the second year, 
when patients, besides biannual routine evaluation, were 
invited to use both the MAGHD App to answer question-
naires and a wearable device to register their daily activity. 
The study is currently ongoing and only baseline data, re-
lated to the first phase, are available for the all patients.

Subjects

From January to December 2018, 83 AGHD patients were 
enrolled. Patients were assessed as eligible in the presence 
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of a documented diagnosis of AGHD, according to the 
latest Endocrine Society clinical practice guidelines [2], age 
higher than 18  years, good understanding of the Italian 
language in cases of foreign patients, and well-replaced 
with hormonal treatments at substitutive dose in cases 
of other pituitary deficits. Exclusion criteria were the fol-
lowing: unwillingness of patients to continue follow-up 
at the Endocrinology Unit of Modena, a diagnosis of bio-
chemical AGHD outside the appropriate clinical context of 
pituitary disease, and major psychiatric diseases or chronic 
severely invalidating diseases (kidney, heart, respiratory in-
sufficiency, or severe hepatic failure).

According to the clinical history of AGHD treatment, 
they were grouped in patients on long-term r-hGH therapy 
(n = 32, Group  1) and not treated with r-hGH (n = 51, 
Group 2).

Main outcome measures

We created a large database collecting personal data, 
medical history, clinical and biochemical parameters, and 
multidimensional assessment results. During the clinical 
evaluation, we asked for clinical symptoms, previous med-
ical history (obtained by recording date of AGHD diag-
nosis, cause of AGHD, diagnostic tests performed, and 
start and duration in months of r-hGH therapy including 
dosage and withdrawal), the presence of other pituitary 
deficits and their replacement therapy. We recorded an-
thropometric parameters [weight, height, body mass 
index (BMI), waist and hip circumferences] and clinical 
data (blood pressure, heart rate) obtained at the time of 
first visit.

Biochemical parameters

Hormonal and biochemical analyses were performed in 
the morning, in a fasting condition as a part of the clin-
ical investigations routinely performed in patients with 
hypopituitarism, including luteinizing hormone (LH), 
follicle-stimulating hormone (FSH), estradiol, serum total 
T, sex hormone-binding globulin (SHBG), serum-calculated 
free T, IGF-1, and insulin growth factor binding protein 3 
(IGFBP-3), and routine biochemical examinations.

Serum LH and FSH were assayed by immuno-
chemiluminescence (ADVIA Centaur, Siemens). The inter- 
and intra-assay coefficients of variation were of 3.6% and 
2.4% for LH and 5.2% and 2.6% for FSH, respectively. 
Serum estradiol was also measured by Chemiluminescent 
Microparticle Immunoassay on the ARCHITECT platform 
(Abbott Laboratories). The sensitivity was 0.6 pg/mL (2.2 
pmol/L) with the lowest standard at 1.5 pg/mL, linearity 
to 150 pg/mL, and an ED50 of 20 pg/mL. Serum total T 

was assayed by immuno-chemiluminescence (Architect 
2nd Generation T, Abbott, USA), with an intra-assay coef-
ficient of variation <10%. SHBG was assessed by chemilu-
minescent immunoassay (Architect, Abbott GmbH & Co, 
Germany) with both inter- and intra-assay coefficients of 
variation of 10.0%. Serum calculated free T was obtained 
by using the Vermeulen equation [25]. Serum IGF-1 was 
assessed by chemiluminescence immuno-assay (CLIA, 
Diasorin), with intra-assay coefficient of variation of 8%. 
Given the strong dependency of serum IGF-1 on age and 
gender, the IGF-1 standard deviation score (SDS) was also 
calculated [26]. Serum IGFBP-3 was measured by enzyme 
immuno-assay (Mediagnost), with intra-assay coefficient of 
variation of 10%.

Evaluation of QoL

Questions on Life Satisfaction in Hypopituitarism (QLS-
H) and Quality of Life Assessment of Growth Hormone 
Deficiency in Adults (QoL-AGHDA) are 2 standardized 
and validated disorder-related questionnaires developed 
specifically to evaluate QoL of patients with hypopituit-
arism and AGHD, respectively [27]. Through QLS-H, pa-
tients indicate how important a particular dimension of 
life is for them and how satisfied they are with it. To each 
item a score from 1 (“not important” or “dissatisfied”) to 5 
(“extremely important” or “very satisfied”) is assigned. The 
weighted score for the degree of satisfaction with a certain 
dimension of QoL is then calculated by the following for-
mula: weighted satisfaction = (importance − 1) × (2 × satis-
faction − 5). The absolute QLS-H score is calculated adding 
all the fields previously obtained and can range from −108 
(very low satisfaction) to +180 (high satisfaction). However, 
because QLS-H scores vary between countries and are de-
pendent on sex and age, algorithms to calculate Z scores 
adjusted for these variables were developed as a measure 
for the deviation of patients’ scores from those of the gen-
eral population [3,28]. Even though the score calculation 
is complex and usually requires a calculation program, this 
tool has the advantage of weighting each item by the indi-
vidual patient [27,28] and demonstrates its effectiveness in 
assessing impaired life satisfaction in AGHD and its useful-
ness in monitoring the QoL improvement related to r-hGH 
therapy [28].

On the other hand, QoL-AGHDA is a short and easy 
to complete questionnaire including 25 questions with 
a “yes” or “no” answer. A  score of 1 is assigned to each 
“yes” answer and the sum of the number of “yes” answers 
(range 0-25) is used as a measure of QoL, with a high QoL-
AGHDA score indicating a poor QoL [29].

The interpretation of these questionnaires is not based 
on a defined cut-off score, but relies on the comparison 
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with mean values scored in the normal population. For 
QLS-H, the application of Z-scores already assesses the 
deviation from the QLS-H reference ranges obtained from 
general population, while for QoL-AGHDA, mean values 
registered in the normal population in various international 
studies range between 4 and 7 [30]. Moreover, at the UK 
National Institute for Health and Clinical Excellence, the 
QoL-AGHDA score is included among the 3 criteria used 
to determine if r-hGH treatment should be given, in par-
ticular a score of 11 or more meets the requirements for 
GH replacement therapy [31].

Evaluation of sexual function

Sexual function was assessed in male and female patients 
through the validated International Index for Erectile 
Function-15 (IIEF-15) questionnaire and Female Sexual 
Function Index (FSFI), respectively.

IIEF-15 is a self-administered questionnaire consisting of 
15 questions addressing erectile function (EF), sexual desire 
(SD), orgasmic function, intercourse satisfaction, and overall 
satisfaction (OS) [32,33]. Highest scores suggest better EF; 
in particular, a cut-off score of 25 for the EF domain is cur-
rently used to diagnose ED in the clinic [34]. According to 
the classification criteria of this questionnaire, the severity of 
ED is divided into 4 categories: (i) no ED (EF score = 26-30); 
(ii) mild ED (EF score  =  17-25); (iii) moderate ED (EF 
score = 11-16), and (iv) severe ED (EF score = 6-10) [33,34].

Similarly, FSFI is a brief multidimensional scale for as-
sessing sexual function in women, including 19 questions 
divided into 6 domains: desire, arousal, lubrication, or-
gasm, satisfaction, and pain. Domain scores are derived 
by summing scores within the domain and multiplying the 
sum by a factor weight (each domain has a specific factor). 
A total punctuation was obtained by summing the results 
from all of the domains. The overall score ranged between 
2 and 36 points, and FSFI overall score lower than 26.55 
was defined as suggestive of female SD (FSD) as described 
by Wiegel et al and in various studies [35-37].

Ethics

The Institutional review board of Modena approved the 
protocol study (protocol n. 346/2017). This trial was registered 
in ClinicalTrials.gov (Identifier: NCT03525587). Written in-
formed consent has been obtained from each participant.

Statistical analysis

Data are reported as the mean ± SD, median with minimum 
and maximum for continuous variables, and number and 
percentages for categorical variables.

Statistical analysis was carried out to compare the out-
comes of patients divided in 3 groups according to r-hGH 
therapy. The nonparametric Mann-Whitney test was used 
for comparisons of continuous variables not normally dis-
tributed at the Kolmogorov-Smirnov test. Categorical vari-
ables were compared by Chi-square test.

Linear regression was used to examine the association 
between continuous variables; results were expressed 
through β and R2 coefficients and were used to decide what 
variables should be included in the stepwise regression ana-
lysis. Stepwise, linear, and multiple regression analyses were 
performed to identify factors able to influence and predict 
the selected dependent variable.

Statistical analysis was performed using the Statistical 
Package for the Social Sciences software for Windows 
(version 26.0; SPSS Inc., Chicago, IL, USA). For all com-
parisons, P-values < 0.05 were considered statistically 
significant.

Results

Patients characteristics

Eighty-three patients (52 males, 31 females) with a mean 
age of 56.3 ± 14.7 years were enrolled (Table 1). The diag-
nosis of AGHD lasted from less than <1 to 40 years (mean 
duration 157  ± 122.8  months) with a mean duration of 
hypopituitarism of 180.3  ± 149.8  months (Table 1). 
Characteristics related to the diagnosis of AGHD are sum-
marized in Table 1. The most common cause of AGHD was 
pituitary surgery (56.6%), and the most common disease 
was pituitary adenoma. Considering pituitary function, 
only 7 patients (8.4%) had isolated AGHD. Anthropometric 
data and questionnaires’ scores are summarized in Table 1.

Age, duration of hypopituitarism, duration of AGHD, 
IGF-1, and IGFBP-3 were significantly different between the 
2 groups of patients divided according to AGHD treatment 
status (Table 2). In particular, patients treated with r-hGH 
(Group 1) were younger than those untreated (Group 2) 
(P = 0.001), while the mean duration of hypopituitarism 
(P = 0.035) and of AGHD (P = 0.044) were lower in un-
treated (Group  2) than treated patients (Group  1). As 
expected, IGF-1, IGFBP-3, and IGF-1 SDS (P < 0.001) 
were significantly higher in patients treated with r-hGH 
(Group 1) than in untreated patients (Group 2) (Table 2).

QoL and sexual function questionnaires

QLS-H was filled by 75 (90.4%) and QoL-AGHDA by 77 
(92.8%) out of 83 AGHD patients. The rate of answering 
to QLS-H was significantly different comparing males 
(50/52, 96.1%) and females (25/31, 80.6%) (P = 0.021). 
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No differences were found between sexes concerning the 
rate of answering of QoL-AGHDA (males 94.2% vs fe-
males 90.3%; P = 0.506) and of questionnaires of male 
and FSD: the IIEF-15 (45/52 males, 86.5%) compared 
to the FSFI (28/31 females 90.3%; P = 0.608). Similarly, 
the rate of answering did not differ when comparing each 
other sexual (IIEF and FSFI) with QoL (QLS-H and QoL 
AGHDA) questionnaires.

QoL

The rate of questionnaires’ answering for both QLS-H 
(93.75% vs 88.2%) and QoL-AGHDA (93.75% vs 92.1%) 
was not significantly different between the 2 groups 
(P = 0.407; P = 0.785), although Group 2 showed slightly 

lower percentages than Group 1 (Table 2). Analyzing the 
entire cohort, both QLS-H score (P = 0.016) and QLS-H Z 
score (P = 0.033) were significantly higher in r-hGH treated 
patients (Group  1), while no differences between groups 
were found in QoL-AGHDA scores (Table 2). Similarly, 
considering only men, QLS-H score (P = 0.012) and QLS-H 
Z score (P = 0.036) were higher in r-hGH treated (Group 1) 
than in untreated patients, while no differences were docu-
mented in QoL-AGHDA scores (Table 3). Instead, in fe-
males we did not document any significant difference in 
QoL questionnaires results comparing patients according 
to r-hGH treatment status (Table 4).

No predictive model was found at stepwise, linear, and 
multiple regression analyses by using age, AGHD dur-
ation, BMI, IGF-1, and IGFBP-3 as independent variables 
and QoL-AGHDA, QLS-H total score, or QLS-H z-score 
as the dependent variable, respectively. Even adjusting for 
age, no significant model predictive for QoL in AGHD 
patients was found.

Sexual function

Sexual function was assessed with properly validated and 
gender-specific questionnaires, IIEF-15 for males and FSFI 
for females, and analyzed separately. All the results were 
analyzed considering both the whole male and female co-
hort and dividing male and female patients according to 
AGHD treatment status (Groups 1 and 2). Overall 71.2% 
of patients with AGHD (25/28 women and 27/45 men) 
had scores of sexual questionnaires consisting with a con-
dition of overt SD.

Male sexual function

The number of AGHD male patients (n = 52) was 18 in 
Group 1 (r-hGH-treated) and 34 in Group 2 (untreated), 
according to r-hGH treatment (Table 3). The IIEF-15 
rate of answering was not different between the 2 groups 
(P = 0.224) (Table 3).

According to the EF score of the IIEF-15 questionnaire, 
the prevalence of overt ED in the entire male cohort was 
of 60% (27 patients), classified in mild (n = 7; 16%), mod-
erate (n = 2; 4%), and, in most of the cases, severe (n = 18, 
40%) ED (Figure 1A). Comparing r-hGH treated (Group 1) 
and untreated (Group 2) males, a significantly higher ED 
prevalence was found in Group 2 (21/28 patients, 75%) 
than in Group  1 (6/17 patients, 35%; P = 0.008) (Table 
3), as shown in Figure 1C and 1B, respectively. All IIEF-
15 domains’ scores were significantly higher in Group 1 
than in Group 2 (P = 0.001) (Table 3). Moreover, patients 
of Group  1 were significantly younger than patients of 
Group 2 (P = 0.002). Mean serum T (P = 0.273), calculated 

Table 1. Clinical, anthropometric, and questionnaire data of 

the entire cohort of AGHD patients at baseline

Patient’s characteristic Data

AGHD patients, n 83
Females 31 (37.4%)
Males 52 (62.6%)
AGHD type
 Isolated AGHD 7 (8.4%)
 AGHD plus multiple  

pituitary deficiencies
76 (91.6%)

 Adult-onset AGHD 72 (86.8%) 
 Childhood-onset AGHD 11 (13.2%)
 Congenital AGHD 5 (6%)
 Acquired AGHD 78 (94%)
AGHD timing
 Age (years) 56.3 ± 14.7 (58; 19 to 86)
 Age at AGHD  

diagnosis (years)
42.9 ± 17.6 (44.5; 0 to 73)

 AGHD duration (months) 157 ± 122.8 (139; 3 to 489) 
 Hypopituitarism duration 

(months)
180.3 ± 149.8 (150; 2 to 489)

 Duration r-hGH  
treatment (months)

142.4 ± 108.1 (131.5; 2 to 489)

Anthropometric parameters
 Weight (kg) 87.6 ± 19.3 (85.5; 49 to 137)
 Height (cm) 168.2 ± 10.2 (169; 147 to 190) 
 BMI (kg/m2) 31 ± 7 (29.8; 17.6 to 50)
 Waist circumference (cm) 102.4 ± 15.9 (102.5; 68 to 136)
 Hip circumference (cm) 108.6 ± 14.6 (108; 65 to 150)
 Waist-Hip ratio 0.9 ± 0.08 (0.9; 0.76 to 1.28)
Questionnaire scores
 QLS-H score 32.3 ± 41.2 (36; −81 to +127)
 QLS-H Z-score −0.89 ± 1.3 (−0.93; −4.5 to- +2.35)
 QoL-AGHDA score 7.6 ± 6.3 (6; 0 to 23)
 IIEF-15 score 16.3 ± 12.2 (1 to 30)
 FSFI score 10.5 ± 10.8 (3.6; 1.2 to 34.8)

Data are expressed as number (percentage) or mean ± SD (median; min to 
max).
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free T (P = 0.131), and SHBG (P = 0.066) levels did not 
differ between the 2 groups (Table 3).

By excluding patients older than 65  years, the preva-
lence of ED remained significantly lower in Group 1 (6/17 
patients; 35%) than in Group  2 (14/18 patients; 78%) 
(P = 0.011). In this subanalysis, no age difference was docu-
mented between the 2 groups (P = 0.183), but significant 

differences in IIEF-15 domains scores were confirmed as 
showed in Supplemental Table 2 [38]. Moreover, to avoid 
the influence of serum T levels on sexual function, we cal-
culated the prevalence of ED in the 2 groups after excluding 
patients with serum T lower than 2 ng/mL, which repre-
sent a threshold for serum T below which EF is impaired 
[39,40]; even in this case, we documented a significantly 

Table 3. Clinical, hormonal, QoL, and sexual function outcomes and ED prevalence in AGHD male patients grouped according 

to r-hGH treatment

Group 1 (AGHD patients on r-hGH treatment) Group 2 (untreated AGHD patients) P-value

Men, n 18 34 na
Age (years) 48.1 ± 13.4 (47.5; 22 to 65) 61 ± 12.6 (62; 24 to 86) 0.002
Hypopituitarism duration (months) 174.1 ± 126.7 (167; 10 to 466) 169.1 ± 159.1 (105; 3 to 488) 0.594
AGHD duration (months) 152.9 ± 98.7 (143; 12 to 354) 140.6 ± 129.4 (105; 3 to 488) 0.359
Rate of answering to QLS-H 17/18 (94.4%) 33/34 (97%) 0.641
QLS-H score 53.6 ± 45.5 (69; −60 to +114) 28.6 ± 34.3 (29; −33 to +114) 0.012
QLS-H Z-score −0.5 ± 1.5 (−0.2; −4.3 to +1.35) −1.1 ± 1.1 (−1.2; −3 to +1.7) 0.036
Rate of answering to QoL-AGHDA 16/18 (88.8%) 33/34 (97%) 0.229
QoL-AGHDA score 6.4 ± 7 (4; 0 to 22) 6.9 ± 6.3 (5; 0 to 21) 0.622
IIEF-15    
 Rate of answering to IIEF-15 17/18 (94.4%) 28/34 (82.3%) 0.224
 Prevalence of ED 6/17 (35%) 21/28 (75%) 0.008
 Erectile function 23.9 ± 8.7 (1 to 30) 11.6 ± 11.8 (1 to 30) 0.001
 Orgasm function 7.7 ± 3.4 (9; 0 to 10) 3 ± 4.1 (0; 0 to 10) 0.001
 Sexual desire 7.5 ± 2 (2 to 10) 5 ± 2.5 (5.5; 2 to 9) 0.001
 Intercourse satisfaction 8.8 ± 3.5 (10; 0 to 12) 3.6 ± 4.6 (0; 0 to 12) 0.001
 Overall satisfaction 7.8 ± 2 (2 to 10) 4.5 ± 2.9 (2.5; 2 to 10) 0.001
Total T (ng/mL) 5 ± 1.8 (5; 1.6 to 8.2) 4.5 ± 3.5 (3.3; 0.1 to 15) 0.237
Calculated Free T (ng/dL) 11.5 ± 5 (11.4; 3.2 to 19) 10.1 ± 8.4 (7.2; 1.3 to 30) 0.131
SHBG (nmol/L) 28 ± 15.6 (22.5; 4.6 to 67.9) 37 ± 20.4 (34; 6 to 100.5) 0.066
IGF-1 (ng/mL) 184.4 ± 62.5 (168.2; 75.7 to 373.2) 80.9 ± 39.5 (74.4; 14.9 to 166.9) <0.001
IGF-1 SDS −0.1 ± 1.1 (−0.2; −3.4 to +1.9) −2.5 ± 1.3 (−2.7; −4.8 to +0.3) <0.001
IGFBP-3 (ng/mL) 3012.5 ± 834.1 (3139; 304 to 4171) 2297.6 ± 966 (2328; 220 to 4076) 0.003

Data are expressed as number (percentage) or mean ± SD (median; min to max). Normal range for serum total T, calculated free T, and SHBG were 2.2-8.7 ng/ml, 
>6.5 ng/dL, and 13.5-71.4 mmol/L, respectively.

Table 2. Clinical, hormonal, QoL, and sexual function outcomes of the entire cohort of AGHD patients grouped according to 

r-hGH treatment

Group 1 (AGHD patients on r-hGH treatment) Group 2 (untreated AGHD patients) P value

Patients, n 32 51 na
Age (years) 49.5 ± 14 (52.5; 19 to 69) 60.6 ± 13.5 (62; 24 to 86) 0.001
Hypopituitarism duration (months) 216.6 ± 139.4 (190.5; 10 to 489) 159.2 ± 153 (102.5; 2 to 488) 0.035
AGHD duration (months) 179.3 ± 111.7 (167; 12 to 489) 142.9 ± 128.4 (104.5; 3 to 488) 0.044
Rate of answering to QLS-H 30/32 (93.75%) 45/51 (88.2%) 0.407
QLS-H score 45.3 ± 43.4 (49.5; −60 to +127) 23.7 ± 37.7 (20; −81 to +114) 0.016
QLS-H Z-score -0.6 ± 1.3 (-0.4; −4.3 to +2.35) −1.1 ± 1.2 (−1.2; −4.5 to +1.8) 0.033
Rate of answering to QoL-AGHDA 30/32 (93.75%) 47/51 (92.1%) 0.785
QoL-AGHDA score 7 ± 6.1 (6; 0 to 22) 8 ± 6.5 (7; 0 to 23) 0.457
IGF-1 167.4 ± 59.3 (162.9; 75.7 to 373.2) 78.8 ± 41.1 (73.2; 14.9 to 182.6) <0.001
IGF-1 SDS −0.3 ± 1.5 (−0.3; −3.7 to +1.9) −2.8 ± 1.7 (−2.8; −9.3 to +1.5) <0.001
IGFBP-3 3178.3 ± 878.7 (3210; 304 to 4415) 2342.4 ± 947 (2364; 220 to 4628) <0.001

Data are expressed as number (percentage) or mean ± SD (median; min to max).
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lower prevalence of ED in Group 1 (6/16 patients; 37.5%) 
than in Group 2 (15/21 patients; 71%) (P = 0.039). In a 
subanalysis, IIEF-15 scores were significantly different even 
when patients with an integrity of pituitary-gonadal axis 
were excluded (Supplemental Table 3B) [38].

At linear regression analysis, patient’s age was inversely 
correlated with all IIEF-15 domain scores, especially 
with EF (R2  =  0.130, P = 0.015) and SD domain scores 
(R2  =  0.139, P = 0.012). Conversely, serum IGF-1 levels 
were directly correlated to all IIEF-15 domain scores, in 
particular EF (R2  =  0.156, P = 0.008) and SD domains 
(R2 = 0.159, P = 0.007).

IGF-1 SDS was directly correlated to all IIEF-15 domain 
scores, in particular EF (R2 = 0.123, P = 0.019) and SD do-
mains (R2 = 0.109, P = 0.029). No significant correlation 
was documented between both serum total T and calcu-
lated free T and IIEF-15 domains.

Stepwise, linear, and multiple regression analyses using 
age, AGHD duration, BMI, serum IGF-1, and total T as in-
dependent variables documented that IGF-1 (R2 = 0.156, 
P = 0.008) in model 1 and IGF-1 (R2 = 0.275, P = 0.003) 
and AGHD duration (R2 = 0.275, P = 0.013) in model 2 
were the most significant predictive factors for EF do-
main score (Supplemental Table 1A) [38]. Conversely, 

only IGF-1 (R2 = 0.159, P = 0.007) was the most signifi-
cant predictive factor for SD domain score, when SD do-
main score was the dependent variable. Stepwise, linear, 
and multiple regression analyses adjusted for age docu-
mented that AGHD duration (R2 = 0.221, P = 0.028) in 
model 1 and AGHD duration (R2  =  0.298, P = 0.015) 
and IGF-1(R2  = 0.298, P = 0.042) in model 2 were the 
most significant predictive factor for EF domain score 
(Supplemental Table 1B) [38]. No predictive model was 
found adjusting for age when SD domain score was the 
dependent variable.

At linear regression analysis, QLS-H score (both total 
and Z-scores) was directly related to the EF (R2 = 0.533, 
P < 0.005), SD (R2  =  0.535, P < 0.005), and OS domain 
scores (R2 = 0.563, P < 0.005) of IIEF-15; the same results 
were obtained using the Z-score. The QoL-AGHDA score 
was inversely related to the EF (R2  =  0.221, P = 0.001), 
SD (R2  =  0.181, P = 0.004), and OS domains scores 
(R2 = 0.180, P = 0.005).

Females

The number of AGHD female patients (n = 31) was 14 in 
Group  1 (r-hGH-treated) and 17 in Group  2 (untreated) 

Table 4. Clinical, hormonal, QoL, and sexual function outcomes and FSD prevalence in AGHD female patients grouped 

according to r-hGH treatment

Group 1 (AGHD patients on r-hGH treatment) Group 2 (untreated AGHD patients) P-value

Women 14 17 na
Age (years) 51.4 ± 15.1 (57.5; 19 to 69) 59.5 ± 15.5 (62; 29 to 84) 0.161
Hypopituitarism duration 

(months)
273.2 ± 140.2 (263.5; 50 to 489) 137.5 ± 141.5 (74; 5 to 410) 0.009

AGHD duration (months) 213.3 ± 121.6 (224; 50 to 489) 147.2 ± 130.3 (104; 5 to 410) 0.071
Rate of answering to QLS-H 13/14 (92.9%) 12/17 (70.6%) 0.118
QLS-H score 34.5 ± 39.5 (39; −20 to +127) 10.2 ± 44.5 (12; −81 to +89) 0.205
QLS-H Z-score −0.65 ± 1.17 (−0.69; −2.2 to +2.35) −1.1 ± 1.5 (−1; −4.5 to +1.6) 0.437
Rate of answering to 

QoL-AGHDA
14/14 (100%) 14/17 (82.3%) 0.098

QoL-AGHDA score 7.6 ± 5.1 (6.5; 0 to 18) 10.8 ± 6.3 (11.5; 2 to 23) 0.178
FSFI    
 Rate of answering to FSFI 13/14 (92.9%) 15/17 (88.2%) 0.665
 Prevalence of FSD 10/13 (77%) 15/15 (100%) 0.049
 Desire 3 ± 1.2 (3; 1.2 to 6) 1.6 ± 0.9 (1.2; 1.2 to 3.6) 0.002
 Arousal 2.7 ± 2.3 (2.4; 0 to 6) 0.7 ± 1 (0; 0 to 3.3) 0.029
 Lubrification 3.1 ± 2.3 (3.6; 0 to 6) 0.8 ± 1.4 (0; 0 to 4.2) 0.005
 Orgasm 2.9 ± 2.2 (3.2; 0 to 6) 1 ± 1.8 (0; 0 to 5.2) 0.041
 Satisfaction 2.4 ± 2.5 (1.2; 0 to 6) 1 ± 1.8 (0; 0 to 4.8) 0.097
 Pain 2.7 ± 2.7 (3.2; 0 to 6) 0.7 ± 1.3 (0; 0 to 3.6) 0.072
 Overall 16 ± 12 (15.4; 1.2 to 34.8) 5.8 ± 7 (1.8; 1.2 to 21) 0.013
Estradiol (pg/mL) 30 ± 33.6 (10; 10 to 107) 18 ± 18.6 (10; 10 to 72) 0.421
IGF-1 (ng/mL) 146.6 ± 49.7 (152.3; 78 to 212) 74.6 ± 45.2 (62.5; 15 to 182.6) <0.001
IGF-1 SDS −0.65 ± 1.8 (−0.75; −3.7 to +1.8) −3.3 ± 2.3 (−3.1; −9.3 to +1.5) 0.001
IGFBP-3 (ng/mL) 3379.8 ± 919.7 (3707.5; 1756 to 4415) 2429.5 ± 931.5 (2400; 1086 to 4628) 0.013

Data are expressed as number (percentage) or mean ± SD (median; min-max). normal range for serum estradiol in pre-menopausal women was 20-250 pg/mL in 
follicular phase, 38-650 pg/mL in ovulatory phase, and 21-312 pg/mL in luteal phase, and in menopausal women, it was <40 pg/mL.
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according to r-hGH treatment (Table 4). The rate of an-
swering to FSFI was not different between the 2 groups 
(Table 4).

According to FSFI overall score, the prevalence of FSD 
in the entire female cohort was 89% (25/28 patients) (Fig. 
2). Comparing r-hGH treated (Group  1) and untreated 
(Group  2) females, a significantly higher FSD prevalence 
was found in Group  2 (15/15 patients; 100%) than in 

Group 1 (10/13 patients; 77%; P = 0.049) (Table 4). Only 
3 patients (11%) reported a score suggestive for the ab-
sence of FSD, and all of them belonged to Group 1.

The FSFI overall score was significantly higher in treated 
than in untreated female patients (P = 0.013); in detail 
the desire (P = 0.002), arousal (P = 0.029), lubrification 
(P = 0.005), and orgasm (P = 0.041) domain scores were 
significantly higher (better scores) in female patients treated 
with r-hGH (Group 1) than in untreated patients (Group 2) 
(Table 4). No differences were documented between the 2 
groups in terms of age and mean serum estradiol levels 
(Table 4). Only 9 women, however, had detectable levels 
of estradiol (3 thanks to an integrity of the gonadotropin-
ovaries axis and 6 for the assumption of replacement hor-
monal therapy). These data were influenced by the high 
mean age of female patients and the high prevalence of 
menopause.

At linear regression analysis, the desire domain score 
(β = −0.539, R2 = 0.290, P = 0.003) was inversely correl-
ated to patients’ age, while both desire domain (β = +0.522, 
R2 = 0.273, P = 0.004) and overall score (β = +0.379, 
R2 = 0.144, P = .047) were directly related to serum estra-
diol. No correlation was documented between FSFI do-
main scores and serum IGF-1 and IGF-1 SDS.

Stepwise, linear, and multiple regression analyses using 
age, AGHD duration, BMI, serum IGF-1, and estradiol 
as independent variables indicated that age (R2 = 0.290, 
P = 0.003) was the most significant predictive factor for 
desire domain score, when desire domain score was the 
dependent variable. Conversely, serum estradiol was the 
most significant predictive factor for arousal (R2 = 0.238, 
P = 0.008), lubrification (β = 0.411, R2 = 0.169, 
P = 0.030) and overall score (R2 = 0.144, P = 0.047), 
when each of them was considered as dependent vari-
able, respectively.

No correlation was documented between FSFI domain 
scores and both QLS-H and QoL-AGHDA scores, different 
from males.

Discussion

The results of this study show for the first time that SD 
is highly prevalent in patients with AGHD, being present 
in 71.2% of them. Accordingly, in AGHD patients, ED 
was present in 60% of men and SD in 89% of women. 
Hitherto no data are available in the literature on SD in pa-
tients with AGHD, although QoL is significantly impaired 
in these patients [1,2,41] and sexuality, a main component 
of QoL, impacts considerably the well-being [7-9,42]. At 
present, only indirect information on sexual life in AGHD 
patients come from a single item included in the QLS-H 

Figure 1. Overall prevalence of erectile dysfunction (ED) and preva-
lence split according to mild, moderate, and severe ED as assessed by 
IIEF-15 in the entire male cohort (A), in AGHD men treated with r-hGH 
(Group 1) (B), and untreated AGHD men (Group 2) (C). ED was defined 
an EF domain score ≤25.
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questionnaire, concerning the ability to become sexually 
aroused; this item contributes only in part to the final QoL 
score of QLS-H [28]. Besides, a study in which QoL was 
evaluated by the patient’s spouse/partner, rather than by 
self-completed questionnaires, indirectly provided informa-
tion about sexual life in the context of QoL, even though 
sexual function and activity were not directly assessed [43].

In men, ED was more prevalent in untreated (Group 2) 
than in r-hGH treated AGHD patients (Group 1), and the 
EF score indicated a severe impairment of EF in the ma-
jority of AGHD men. All the IIEF-15 scores were higher 
in r-hGH treated patients (Group 1) than in untreated pa-
tients (Group  2), and they resulted directly correlated to 
serum IGF-1 and, as it happens in the general population, 
inversely correlated to age and serum T. Moreover, the evi-
dence of better EF scores in r-hGH treated patients, even 
after the exclusion of men with serum T below 2 ng/mL 
or men older than 65  years, suggested that concomitant 
hypogonadism or aging did not impact the prevalence of 
ED. Furthermore, serum IGF-1 and the duration of AGHD, 
but not age and serum T, were identified as significant pre-
dictors of IIEF-15 scores at logistic regression analysis, thus 
suggesting that AGHD and low serum IGF-1 are directly 
associated to worse IIEF-15 scores, having aging and T a 
minor role. All together these results suggest that GHD 
may play a role in the occurrence of ED in AGHD patients 
who are adequately replaced with exogenous T or have 
normal gonadal function and that r-hGH therapy may have 
a beneficial effect also on male sexual function. The results 
of this study do not allow ascertaining if ED is a direct 
consequence of serum GH and/or IGF-1 below the normal 
range or of the cardiovascular changes accumulating as an 
effect of prolonged GHD. The beneficial effect of r-hGH 
on EF may indirectly result from the mitigation of the in-
creased risk of developing cardiovascular diseases, meta-
bolic syndrome and diabetes mellitus associated to AGHD 

[6,41]. Indeed, ED is highly prevalent in men with cardio-
vascular diseases and also predicts major cardiovascular 
events [44,45]. Similarly, an increased prevalence of ED 
has been recently demonstrated in men with acromegaly, 
probably as a consequence of cardiovascular abnormalities 
related to GH excess, rather than to a direct effect of GH 
overproduction on EF [14].

In women, the prevalence of SD was slightly, but signifi-
cantly different between the 2 groups. Even though median 
overall FSFI scores were under the cut-off for FSD diag-
nosis (26.55) in both groups, a statistically significant dif-
ference between r-hGH treated (Group  1) and untreated 
(Group  2) patients was documented for the majority of 
FSFI domains, with better results in r-hGH treated AGHD 
women (Group1). Nevertheless, it should be remarked that 
the only 3 women without SD were on r-hGH treatment 
(Group 1). In addition, data coming from the female cohort 
suffer from the menopausal or hypogonadal status of al-
most all women. Estrogen deficiency is a great confounder 
for the interpretation of female sexual function data since 
SD is highly prevalent in postmenopausal women or in 
women with estrogen deficiency [46]. Besides, in the fe-
male AGHD cohort, results about sexual outcomes were 
negatively influenced by both the age of patients (mean age 
55.8 + 15.6  years; median age 59; range 19-84) and the 
small sample size in each group. Even though these results 
suggest an overall better sexuality also in AGHD females 
treated with r-hGH, the previously mentioned issues do not 
allow strengthening this concept as for the male counter-
part. The assessment of SD in females is largely overlooked 
notwithstanding a very high prevalence (41%) of SD in 
premenopausal women [47]. This unmet need in clinical 
practice also reflects the coexistence of a research gap on 
FSD [48], accounting for gender inequalities between sexes 
concerning the diagnosis and management of SD, [49] and 
explains why male sexual function is currently investigated 
in patients with several comorbidities and/or chronic dis-
eases [50], whereas this does not happen in women [49]. 
In the case of AGHD, the assessment of sexual function is 
not included in the clinical work-up in both sexes [1,2,31] 
notwithstanding the strong evidence of QoL impairment in 
AGHD is evidence-based [3,28].

The finding of better sexual function scores in pa-
tients treated with r-hGH in both sexes supports a posi-
tive effect of r-hGH therapy on sexual well-being. It 
remains to be ascertained whether r-hGH therapy exerts 
itself a direct effect on sexual function and behavior or 
whether AGHD patients with ongoing therapy are in a 
better general health status and consequently experi-
ence a better sexual life. Accordingly, the direct correl-
ation between better QoL and better sexual function 
in AGHD patients may be the result of a good healthy 

Figure 2. Prevalence of female sexual dysfunction (FSD) in the entire 
female cohort as assessed by FSFI. FSD was defined when the overall 
score was <26.55.
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condition. Questionnaires validated for assessing QoL in 
AGHD patients indirectly provide information also on 
well-being related to satisfactory sexual life; however, in 
our study, these data were confirmed only for male co-
hort since QLS-H and AGHDA results were correlated 
to IIEF-15 scores but not to FSFI scores. Even though 
QLS-H and AGHDA questionnaires seem to consider 
also sexual health in the final calculation of QoL, they do 
not provide any information about the presence/absence 
of SD both in men and women with AGHD. The high 
prevalence of SD in AGHD patients found in this study 
points out that the investigation of sexual function in 
these patients is always overlooked. The lack of interest 
in sexual function of these patients probably represents 
an unmet scientific and clinical need for the management 
of AGHD.

In clinical practice the evaluation of sexual well-being 
by means of validated questionnaires, such as IIEF-15 and 
FSFI, should be considered as part of the global QoL as-
sessment in AGHD patients since it is a simple tool that is 
not time-consuming that provides information on sexual 
life, useful to establish its impact on QoL.

This study has some strengths and some limitations. The 
investigation of sexual function of AGHD patients by spe-
cific, validated tools represents a novelty and the real-life 
setting of a single center cohort warrants a homogeneity of 
data collected, representing another strength of the study. 
The main limits of the study are the small sample size, es-
pecially for the women subgroup; the absence of a control 
group; the high prevalence of postmenopausal women; and 
the outcome mainly based on questionnaires that, by defin-
ition, may be biased by patients’ factors (as well as by ad-
herence to fill questionnaires). Besides, the cross-sectional 
design does not allow establishing a cause-effect relation-
ship between SD and AGHD.

In conclusion, the novelty of this study is represented 
by the structured analysis of sexual function in AGHD pa-
tients using validated, gender-specific questionnaires for the 
assessment of sexual impairment. This kind of approach 
demonstrated to value sexuality as an important compo-
nent of QoL and the obtained results shed new light on the 
association between untreated AGHD and SD, mainly ED. 
For these reasons, future controlled studies on large sam-
ples of patients, specifically aiming to investigate the role of 
GH on sexual function, are needed to better understand the 
impact of AGHD on sexuality and if r-hGH therapy is able 
to improve also sexual function.

Supplementary Data

Supplemental materials are deposited in an online reposi-
tory as detailed in reference (38).
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