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Abstract

Background:Hypogonadismand infertility are two conditions that are heavily affected

by overweight and obesity in the male patient. Glucagon-like peptide 1 agonists (GLP-

1RAs) are a recently introduced class of antidiabetic drugs with powerful weight-loss

effect; this may induce an indirect positive effect on the testicular function. Neverthe-

less, recent evidence also suggests a potential direct influence of these molecules on

the gonadal function.

Objectives:Our study aims at evaluating the effects of GLP-1RAs on hormone secre-

tion in male patients and comparing their impact on the testicular function with other

antidiabetic agents or weight-lowering drugs.

Materials and methods: A literature search was conducted using PubMed, EMBASE,

and Scopus database to assess the effects of GLP-1RAs on hormone levels, sperm

parameters, and erectile function in overweight and obese men. Before–after analysis

and comparison between therapy with GLP-1RAs and other treatment regimens were

performed.

Results: Seven studies (n = 680) were included in the quantitative analysis. Treat-

ment with GLP-1RAs produced a significant increase in total serum testosterone (TT),

with a standardized mean difference of 1.39 ng/mL (95% confidence interval: 0.70,

2.09; p<0.0001). Free serum testosterone (FT), sex hormone-binding globulin (SHBG),

luteinizing hormone (LH), and follicle-stimulating hormone (FSH) showed similar

increase, whileweight, bodymass index (BMI), waist circumference (WC), and glycated

hemoglobin (HbA1c) decreased. Meta-regression showed a significant negative cor-

relation between standardized mean difference in TT levels before–after treatment

and percentage change in weight and BMI. When compared with other treatment

options, GLP-1RAs showed a comparable effect on serum androgens, but greater BMI

reduction and increase in serum gonadotropins and indexes of the erectile function.

Conclusion:Our systematic review andmeta-analysis suggest a possible role for GLP-

1RAs in the therapy of functional hypogonadism related to overweight and obesity,

while also promoting weight loss. The limitations of the current literature do not allow

to demonstrate a direct action of GLP-1RAs on the testicular function.
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1 INTRODUCTION

Male hypogonadism and infertility are two common conditions

in which overweight and excess adipose tissue may have an

etiopathogenetic role.1–3 Indeed, aromatase activity of adipose

tissue—especially when the latter is present in excess—leads to higher

oestradiol levels and subsequent suppression of gonadotropic secre-

tion. The latter results in low testosterone levels and impaired semen

quality (functional hypogonadism).3,4Overweight is associated with

chronic inflammation and high scrotal temperature, which can directly

impair the sperm cells function.1,2,5 Furthermore, obesity is often

associated with unhealthy lifestyle habits as smoking, alcohol abuse,

and sedentary lifestyle, which can also contribute to the impairment of

male fertility.1,2

Glucagon like peptide-1 (GLP-1) receptor agonists (GLP-1RAs) are

the most recently introduced class of antidiabetic drugs, which dis-

play greater effects on blood glucose control compared with other

oral antidiabetic agents and a very low hypoglycemic risk.6 They also

produce positive effects on dyslipidaemia and hypertension,7,8 leading

to significant cardiovascular risk reduction.7,8 Interestingly, GLP-1RAs

also act as effective weight-lowering agents, modulating appetite and

energy intake through delayed gastric emptying and direct effect on

the brain centers of satiety.9–11 Indeed, following peripheral adminis-

tration in murine models, liraglutide binds to GLP-1 receptor (GLP1-R)

on arcuate nucleus neurons expressing proopiomelanocortin (POMC)

and cocaine- and amphetamine-regulated transcript (CART) in the

hypothalamus, thus increasing their activity, and inhibiting the activity

of neurons expressing neuropeptide Y (NPY) and agouti-related pep-

tide (AgRP), relevant for appetite regulation.12 As their efficacy on

weight loss is established, these drugs are currently used in the phar-

macological treatment of obesity,13 and may contribute to improve

testicular function in subjects suffering from functional hypogonadism.

Furthermore, pre-clinical evidence suggests a direct effect of GLP-1

on the reproductive function. In another study onmurinemodels, GLP-

1R knockout animals showed conserved fertility, with delayed puberty

and lower adrenal gland volumes in females, and volumetric reduc-

tion of adrenal glands, testicles and seminal vesicles in males.14 The

discovery of GLP-1R on Leydig and Sertoli cells and on spermatozoa

of animals and humans further supports this hypothesis.15,16 Interest-

ingly, GLP-1 seems to also have a role in stimulating metabolism of

testicular cells by increasing lactate levels without stimulating glucose

intake.16 Moreover, the interaction betweenGLP-1 andGLP-1R seems

to improve spermmotility by a direct non-insulin mediatedmechanism

in vitro.16 Finally, other in vitro studies suggest an anti-inflammatory

effect ofGLP-1 thatmay counteract thewell-knownnegative effects of

oxidative stress related to chronic inflammation onmale infertility.16,17

A modulation of the testicular function seems to be possible in

humans as well. Indeed, although continuous intravenous infusion of

GLP-1 in healthy young males did not affect total testosterone levels,

an alteration of its pulsatile secretion pattern was observed.18 Despite

this, the effect of these drugs on the hormone balance of individuals

with functional hypogonadism is still unclear.

The aim of the present meta-analysis is to investigate the poten-

tial role of GLP-1RAs in the treatment of male hypogonadism and

infertility.

2 MATERIALS AND METHODS

This study was conducted following the guidelines of The Preferred

Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)

statement.19 The research was registered on PROSPERO (https://

www.crd.york.ac.uk/prospero/) with number CRD42024497949.

2.1 Search strategy

A systematic search was conducted through Scopus, PubMed, and

EMBASE databases from June to August 2024. The terms “GLP-1,”

“liraglutide,” “exenatide,” “dulaglutide,” “semaglutide,” “lixisenatide,”

and “glucagon-like peptide 1” were combined with “hypogonadism,”

“testosterone,” “testicular,” “sperm,” “erectile dysfunction,” and “infer-

tility” (see Supporting Information for full research strings). The search

was carried out independently by two authors (GS and AC), and dis-

agreementswere resolved through discussionwith a third author (GB).

2.2 Selection criteria

The eligible studies were selected following the PICO model:

population (P: overweight/obese men), intervention (I: GLP-1RA

administration), comparison (C: same patients before–after treat-

ment/untreated subjects), outcome (O: hormone levels, sperm

parameters, erectile function). Subjects treated with drugs other than

GLP-1RAs were considered as untreated. Randomized controlled

trials, retrospective and prospective cohort studies were included. No

language restrictions were applied.

2.3 Data extraction and quality assessment

Two authors (GS and AC) performed data extraction, which was

subsequently verified by a third author (GB). The following data were

collected: first author, year, country, study design, characteristics

of patients, type and dosage of GLP-1RA, associated treatments,

type of controls, length of follow-up, age, weight, body mass index

(BMI), waist circumference (WC), serum levels of glycated hemoglobin

https://www.crd.york.ac.uk/prospero/
https://www.crd.york.ac.uk/prospero/
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(HbA1c), total testosterone (TT), free testosterone (FT), sex hor-

mone binding globulin (SHBG), estradiol, luteinizing hormone (LH),

follicle-stimulating hormone (FSH), and International Index of Erectile

Function (IIEF) score. The quality of evidence (QoE)was assessed using

the New-Ottawa scale (NOS) for cohort studies.20 Two researchers

(GS and AC) performed the QoE and a third author (GB) verified their

entries.

2.4 Statistical analysis

The analysis was performed using RevMan software v. 5.4.1 (Cochrane

Collaboration, Oxford, UK) and Comprehensive Meta-Analysis v.

3.7 (Biostat Inc., Englewood, USA). Standardized mean difference

(sMD) and 95% confidence intervals (CIs) were calculated to compare

outcome measures after treatment. I2 statistic was applied to inspect

heterogeneity,with I2 >50%and p<0.1 indicating high between-study

heterogeneity. If significant heterogeneity emerged, meta-analysis

was performed using a random-effects model. Otherwise, a fixed-

effects model was used. If more than one longitudinal measurement

was available, the longest follow-up from each study was selected

(as recommended in the Cochrane Handbook for Systematic Reviews

for Interventions21). Publication bias was assessed by funnel plot

asymmetry as well as Egger’s test. To investigate the source of het-

erogeneity, sensitivity analysis (omitting each single study to explore

its effect on the overall meta-analysis) was carried out, and subgroup

analysis was conducted by differentiating subjects treated with other

antidiabetic drugs and those treated with hormones. In addition,

univariate meta-regression was also performed to explore the effects

of percentage change in weight, BMI, WC, and HbA1c levels on male

hormone levels. Statistical significance was set at 0.05.

3 RESULTS

3.1 Study selection

Using the above-mentioned search strategy, 1502 abstracts were

found. After the removal of 573duplicates, 929 articleswere screened.

Out of these, 911 were identified by title or abstracts as papers on

other topics, review articles, editorials, case reports, animal or in vitro

studies, guidelines, or congress papers. Of the remaining 18 full-text

articles assessed for eligibility, seven22–28 were included in the present

meta-analysis (Figure 1). The 11 studies not included in the quan-

titative analysis, with reasons for exclusion, are shown in Table S1.

Since only two studies evaluated the effect of GLP-1RAs on semen

parameters,28,29 this assessment was not performed and only the

effect of GLP-1RAs on hormone levels and erectile function are shown.

Of the included studies, three were retrospective cohort,23,24,26 two

were prospective cohort,22,24,25 and one was a prospective random-

ized open-label study.27 All the studies included in our meta-analysis

were controlled except for one25 that was a single-arm cohort study.

Themain characteristics of the included studies are shown in Table 1.

3.2 Risk of bias assessment

Risk of biaswas assessed for 6 out of 7 studies (Table 2), because in one

case25 no control group was available. Three studies22,24,27 presented

good quality, while the other three showed fair23 and poor quality,26,28

respectively.

3.3 Before–after analysis

At first, a before–after analysis to evaluate the effects of GLP-1RAs on

serum hormone levels was executed. All the seven studies22–28 eval-

uated the effects of GLP-1RAs on TT levels (Figure 2A), showing a

significant increase after the administration of these drugs (sMD 1.39;

95%CI: 0.70, 2.09; p< 0.0001). Heterogeneity was high (I2 = 93%) and

no publication bias were found (Egger’s test, p = 0.21; Figure 2B). Sen-

sitivity analysis identified the study of La Vignera et al.28 as the major

source of heterogeneity, but after its removal no significant changes

emerged (sMD0.96; 95%CI: 0.48, 1.44; p< 0.0001, I2 = 83%).

The effects ofGLP-1RAs administration onFT levelswere evaluated

in five studies22,23,25–27 (Figure 3A). A significant increase in FT levels

emerged (sMD 0.63; 95% CI: 0.14, 1.12; p = 0.01), with high hetero-

geneity (I2 = 79%). Egger’s test (p = 0.14) and Funnel plot (Figure 3B)

showed no publication bias. Concerning sensitivity analysis, after the

removal of the study by Giagulli et al.,26 heterogeneity decreased but

the effects of GLP-1RAs on FT levels were no longer significant (sMD

0.25; 95%CI:−0.09, 0.60; p= 0.15; I2 = 52%).

All the included studies22–28 reported data on SHBG levels before–

after treatment with GLP-1RAs (Figure 4A). A slight but significant

increase in SHBG levels was shown (sMD 2.39; 95% CI: 1.01, 3.77;

p = 0.0007), with high heterogeneity (I2 = 97%). Egger’s test (p = 0.20)

and Funnel plot (Figure 4B) did not show publication bias. A slight

decrease in heterogeneity emerged after the removal of the study by

Shao et al.,22 but results were unchanged (sMD 1.85; 95% CI: 0.83,

2.87; p= 0.0004; I2 94%).

Concerning serum gonadotropin levels, five studies22,24,26–28

showed that the administration of GLP-1RAs led to an increase in

serum LH levels (sMD 1.05; 95% CI: 0.16, 1.93; p = 0.02) (Figure 5A).

No publication bias was shown by Funnel plot (Figure 5B) and Egger’s

test (p=0.25). Excluding the study by LaVignera et al.,28 heterogeneity

decreased dramatically (I2 = 0%), but the effects remained significant

(sMD 0.36; 95%CI: 0.16, 0.56; p= 0.0003).

FSH levels before and after the administration of GLP-1RAs were

investigated in four studies.24,26–28 As for LH levels, FSH levels signif-

icantly increased (sMD 1.13; 95% CI: 0.03, 2.23; p = 0.04) (Figure 6A).

Notably, high heterogeneity (I2 = 93%) was present and possible pub-

lication bias was suggested by Funnel plot (Figure 6B) and Egger’s test

(p = 0.017). Notably, the exclusion of the study by La Vignera et al.28

led to a marked decrease in heterogeneity, leaving the effects on FSH

levels unchanged (sMD0.48; 95%CI: 0.21, 0.75; p= 0.0005; I2 0%).

As an indirect index of the gonadal function, the presence of

erectile dysfunction (ED) was investigated. The analysis of four

studies23,24,26,28 showed that GLP-1RAs administration led to a



SALVIO ET AL. 2025

F IGURE 1 Preferred reporting items for systematic review andmeta-analysis protocols (PRISMA-P) flowchart.

F IGURE 2 (A) Forest plot of serum TT levels of patients before and after GLP-1RAs administration; (B) funnel plot of the included studies.
GLP-1RAs, glucagon-like peptide 1 receptor agonists; TT, total testosterone.

F IGURE 3 (A) Forest plot of serum FT levels of patients before and after GLP-1RAs administration; (B) funnel plot of the included studies.
FT, free testosterone; GLP-1RAs, glucagon-like peptide 1 receptor agonists.
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F IGURE 4 (A) Forest plot of serum SHBG levels of patients before and after GLP-1RAs administration; (B) funnel plot of the included studies.
GLP-1RAs, glucagon-like peptide 1 receptor agonists; SHBG, sex hormone-binding globulin.

F IGURE 5 (A) Forest plot of serum LH levels of patients before and after (GLP-1RAs) administration; (B) funnel plot of the included studies.
GLP-1RAs, glucagon-like peptide 1 receptor agonists; LH, luteinizing hormone.

F IGURE 6 (A) Forest plot of serum FSH levels of patients before and after GLP-1RAs administration; (B) funnel plot of the included studies.
FSH, follicle-stimulating; GLP-1RAs, glucagon-like peptide 1 receptor agonists.

significant increase in IIEF score (sMD 3.31; 95% CI: 2.49, 4.12;

p < 0.00001; I2 = 78%) (Figure 7A). No publication bias emerged

(Egger’s test, p = 0.42; Figure 7B). After the removal of the study by La

Vignera et al.,28 heterogeneity decreased, but the effects of GLP-1RAs

on the erectile function were unchanged (sMD 2.84; 95% CI: 2.47,

3.21; p< 0.00001; I2 = 0%).

As secondary outcomes, the effects of GLP-1RAs administration on

weight, BMI, WC, and HbA1c levels were evaluated. All of the above-

mentioned parameters showed a significant improvement. In detail, a

mean decrease of 8.54 kg in body weight (p < 0.00001), 2.16 kg/m2

in BMI (p = 0.0002), and 7.78 cm in WC (p < 0.00001) confirmed the

positive effects of GLP-1RAs as weight-lowering agents, whereas their

antidiabetic effects were underlined by the mean decrease of 1.15% in

HbA1c levels (p< 0.00001) (Figure S1).

3.4 Meta-regression analysis

The meta-regression analysis showed that sMD in TT levels before–

after GLP-1RAs treatment increased as a function of weight and BMI

loss percentage (Figure 8A,B and Table 3). On the other hand,mean dif-

ference in TT levels were independent of the percentage change inWC

andHbA1c (Figure 8C,D).

Similarly, sMD in FT levels before–after treatment were dependent

on percentage change in weight and BMI but not of WC and HbA1c

(Table 3).

Interestingly, sMD in SHBG levels before–after treatment revealed

to be independent of percentage change in weight, BMI, and WC,

whereas a significant relationship with percentage change in HbA1c

emerged (Table 3).
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F IGURE 7 (A) Forest plot of IIEF scores of patients before and after GLP-1RAs administration; (B) funnel plot of the included studies.
GLP-1RAs, glucagon-like peptide 1 receptor agonists; IIEF, International Index of Erectile Function.

F IGURE 8 Scatter plot showing the effect of percentage weight change (A), BMI change (B),WC change (C), and HbA1c change (D) on the
standardizedmean of difference of total testosterone levels before-after GLP-1RAs treatment. BMI, bodymass index; GLPA-1a, glucagon-like
peptide-1 agonists; HbA1c, glycated hemoglobin;WC, waist circumference.

3.5 Comparison analysis

Comparison analysis was conducted by comparing subjects treated

with GLP-1RAs and control groups on clinical parameters and hor-

mone levels obtained after the treatment. Of the included studies, all

except one25 presented a control group and were included in compar-

ison analysis. Subgroup analysis was conducted to compare treatment

with antidiabetics/no treatment versus hormone replacement therapy.

In the study by Giagulli et al.,23 metformin and testosterone unde-

canoate were administered in both the GLP-1RAs and control group,

so the latter was considered as “no treatment.” When compared with

controls, patients who underwent treatment with GLP-1RAs showed a

more pronounced decrease in BMI (MD −2.08; 95% CI: −2.54, −1.63;
p < 0.00001; I2 = 30%),22,24,26,27 and difference between groups was

not significant (p = 0.59). The effects on weight,22–24,26,27 WC,22,26,27

and HbA1c levels22,24,26,27 were similar (Figure S2).

Concerning the effects of GLP-1RAs on serum hormone levels, sub-

jects treatedwith GLP-1RAs showed greater increase in TT levels than

controls (sMD 0.79; 95% CI 0.12−1.47; p = 0.02; I2 = 84%). Subgroup

analysis demonstrated a significant difference when GLP1-RAs were

compared with other antidiabetics but not with hormone replacement

treatment (p = 0.001) (Figure 9A). On the other hand, the admin-

istration of GLP-1RAs drugs led to changes in FT and SHBG levels

comparable with the control group (Figure 9B,C).

Interestingly, the treatment with GLP-1RAs drugs showed more

pronounced effects than controls on gonadotropin levels and erec-

tile function indexes (Figure 10A–C). Indeed, in four studies22,26–28

patients treated with GLP-1RAs showed significantly higher levels

of serum LH compared with the control group (sMD 4.24; 95%

CI: 2.15−6.33; p < 0.0001; I2 = 98%). Notably, subgroup analysis

demonstrated that the effect was significant only when the GLP-

1RAs treatment was compared with hormone replacement treatment

(p= 0.02).
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F IGURE 9 Subgroup analysis and forest plot of TT (A), FT (B), and SHBG (C) levels in patients treated with GLP-1RAs comparedwith controls.
GLP-1RAs, glucagon-like peptide 1 receptor agonists; FT, free testosterone; SHBG, sex hormone-binding globulin; TT, total testosterone.

Similarly, three studies26–28 showed a greater increase in FSH lev-

els in patients undergoing GLP-1RAs treatment (sMD 4.68; 95% CI:

1.58−7.77; p = 0.003, I2 = 98%), that remained significant only when

control group was represented by subjects under hormone therapy

(p= 0.03).

Finally, the effects on erectile function was investigated in three

studies.23,24,26 The administration of GLP-1RAs drugs led to a greater

increase in IIEF score compared to controls (sMD 1.46; 95% CI

0.75−2.16; p = 0.004; I2 = 78%), which remained significant after the

exclusionof the studybyGiagulli et al.26 (sMD1.16; 95%CI: 0.57−1.75;
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F IGURE 10 Subgroup analysis and forest plot of LH levels (A), FSH levels (B), and IIEF scores (C) in patients treated with GLP-1RAs compared
with controls. FSH, follicle-stimulating; GLP-1RAs, glucagon-like peptide 1 receptor agonists; IIEF, International Index of Erectile Function;
LH, luteinizing hormone.

p = 0.0001; I2 = 66%). None of the included studies had used hormone

therapy as a control, so subgroup analysis was not performed.

4 DISCUSSION

Our systematic review and meta-analysis showed that the admin-

istration of GLP-1RAs in men suffering from overweight/obesity

may significantly improve testicular function by decreasing body

weight. This is supported not only by the favorable effect of these

drugs on TT, FT, and SHBG levels, but also by the significant

increase in gonadotropin levels, proving that the suppression on

the hypothalamic−pituitary−gonadal (HPG) axis exerted by excess

weight is reduced. Indeed, as stated before, systemic inflammation

and aromatase activity impair gonadotropic secretion by negative

feedback.3,9,30 Interestingly, meta-regression showed a significant cor-

relation between the increase in SHBG levels and the decrease in

HbA1c levels, but no associationwas foundwithweight reduction. This
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finding is unexpected, sinceoverfeeding31 andobesity32 are frequently

associated with low SHBG levels. Nevertheless, it might support a pos-

sible role in the regulation of insulin resistance by SHBG independently

from weight loss, as recently suggested by several studies in men33–35

andwomen.36 Appropriately structured studies are obviously required

to evaluate this hypothesis.

The strong association between weight loss and increased TT and

FT levels found in the meta-regression analysis supports its positive

impact on the pathophysiology of functional hypogonadism induced

by excess weight. However, no definitive conclusion can be drawn on

a potential direct effect of GLP-1 on the testicular GLP-1R. To delve

deeper into this matter, we analyzed the effect of GLP-1RAs on serum

androgen levels compared to other drugs, but—despite e more favor-

able effect on BMI—no significant difference emerged. Notably, the

majority of the included studies had an observational design and high

heterogeneity in the choice of alternative treatments in the control

groups, making the interpretation of results complex. Specifically, five

studies included only subjects with DM2 treated with metformin, and

no weight-lowering intervention was used as comparison.22–26 In this

regard, the weight-lowering effect of GLP-1RAs seems to be gen-

erally more pronounced in subjects without diabetes (6.1%−17.4%)
compared to men with DM2 (4%−6.2%).37 Indeed, the great efficacy

of GLP-1RAs in obese men without diabetes was confirmed recent

meta-analysis conducted on 14 RCTs with more than 10,000 subjects

without diabetes (weight loss in GLP-1RAs consumers compared with

placebo consumers: MD, −8.77 kg; 95% CI: −10.98, −6.56; P < 0.01;

I2 = 100%).38 Conversely, the favorable effect on weight appears

much less evident in subjects with diabetes, in whom it often appears

insignificant.39 Several hypotheses have been made, including the

weight gain effect of concomitant antidiabetic drugs (e.g., insulin and

sulfanilureas), reduced dietary adherence due to fear of hypoglycemia,

reduced glycosuria achieved by improved glycemic compensation, and

alterations in themicrobiome in subjectswithDM2.37 It is possible that

such differences also translate to testicular function in men treated

with GLP-1RAswith or without diabetes and should be investigated.

On the other hand, La Vignera et al. compared the effects of

GLP-1RA (Group B) with gonadotropin (Group A) or testosterone

replacement therapy (Group C) in nondiabetic obese men suffering

from hypogonadism,28 whereas Jensterle et al. compared the effect

of GLP-1RAs and transdermal testosterone in a group of hypogonadic

obese subjects independently from their glycemic status.27 Addition-

ally, in the study by Shao et al., the control group underwent treatment

with glimepiride.22 Glimepiride is a drug belonging to the class of sul-

phanylureas, which has the well-known side effect of weight gaining.6

This could lead to a subsequent further suppression on the HPG axis,

thus overestimating the favorable effect on testicular function in the

treatment group.Moreover, the lack of randomization leads to a signif-

icant selection bias associated with the presence of comorbidities that

influenced treatment choice. Indeed, GLP-1RAs are the first-choice of

treatment in patients with obesity and high cardiovascular risk,40,41

necessarily leading to a significant imbalance in patient characteris-

tics at baseline in observational studies. It is obvious that randomized,

controlled trials in which the action of GLP-1RAs is compared with
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TABLE 3 Meta-regression analysis.

Mean difference Moderator R-squared Coefficient (95%CI) Standard error p-value

TT %Weight change 1.00 −0.339 (−0.501,−0.177) 0.082 <0.0001

%BMI change 1.00 −0.293 (−0.433,−0.152) 0.072 <0.0001

%WC change 0.00 −0.222 (−0.626, 0.181) 0.206 0.279

%HbA1c change 0.00 −0.0868 (−0.260, 0.086) 0.088 0.326

FT %Weight change 0.91 −0.273 (−0.435,−0.111) 0.083 0.001

%BMI change 0.57 −0.212 (−0.387,−0.037) 0.089 0.017

%WC change 0.00 −0.103 (−0.493, 0.287) 0.199 0.606

%HbA1c change 0.00 −0.012 (−0.172, 0.148) 0.082 0.882

SHBG %Weight change 0.00 −0.159 (−1.128, 0.810) 0.495 0.748

%BMI change 0.00 −0.211 (−1.051, 0.629) 0.429 0.623

%WC change 0.07 −0.694 (−1.951, 0.563) 0.641 0.279

%HbA1c change 0.90 −0.507 (−0.693,−0.322) 0.095 <0.0001

Abbreviations: BMI, body mass index; FT, free testosterone; HbA1c, glycosylated hemoglobin; SHBG, sex hormone-binding globulin; TT, total testosterone;

WC, waist circumference.

an intervention aimed at achieving superimposable weight loss are

needed todeterminewhether the improvement in thegonadal function

is exclusively attributable to a direct action of these drugs.

Interestingly, when compared with other treatment options, GLP-

1RAs showed a more pronounced increase in gonadotropin levels.

Despite the possibility of this event being uniquely dependent on the

change in BMI, preclinical studies show that GLP-1 also increases the

expression of kisspeptin in hypothalamic neuron,42 and secretion of

LH by the pituitary,43 thus suggesting a direct stimulation of the HPG

axis. Further studies on humans are undoubtedly needed to confirm

this hypothesis.

Similarly, men undergoing GLP-1RAs therapy showed a greater

increase in IIEF score compared to patients taking other antidiabetic

drugs. Once again, a significant decrease in BMI could largely explain

this observation. Nevertheless, GLP-1RAs role in men suffering from

ED still need to be studied in more depth. Indeed, vasculogenic ED is a

known cardiovascular risk factor in patients with diabetes,44 and may

be a useful marker of advanced atherosclerosis.45 Men with ED may

benefit from therapy with GLP-1RAs because it could prevent future

major cardiovascular events; it also has a specific role in improving

erectile function, but confirmatory studies are required to turn this

advice in a recommendation.

Regarding semenquality, only two studieswith very different design

have analyzed the effects of GLP-1RAs on sperm parameters28,29 and

could not be included in the quantitative analysis. In the randomized

controlled double-blind trial by Andersen et al.,29 a group of 56 men

followed an hypocaloric diet (800 kcal/die) for 8 weeks, which led to

important weight loss (−16.5 kg) and improvement in several semen

parameters (1.49-fold increase in sperm concentration and 1.41-fold

increase in sperm count). Following randomization, patients were

assigned to four different groups of maintenance therapy: placebo and

habitual activity, placebo and exercise training, liraglutide and habit-

ual activity, and liraglutide and exercise training. After 52 weeks, only

the patients managed to maintain the weight they lost also maintained

the improvement in semen quality, regardless of the assigned treat-

ment group. In the second study (that was already included in the

present meta-analysis), La Vignera et al.28 enrolled 110 obese males

affected by functional hypogonadism; they were assigned to three dif-

ferent treatment group, each one in association with an hypocaloric

diet of 1400–1800 kcal/die: gonadotropins (urofollitropin 150 UI 3

times aweek+humanchorionic gonadotropin2000UI2 times aweek),

GLP-1RAs (liraglutide 3mg/die), and testosterone (testosterone gel 2%

60 mg/die). Subsequently, after 4 months of treatment, semen anal-

ysis was performed in patients in the gonadotropins and GLP-1RAs

groups. The liraglutide therapy led to a significant increase in all con-

ventional spermparameters; the observed results are better thanwhat

was observed in patients treated with gonadotropins. Additionally, it

should be noted that patients treated with GLP-1RAs showed a sharp

decrease in body weight (−10.3%) and BMI (−16.7%) that was not

achieved in the other treatment groups. Since a multivariate analy-

sis was not performed, whether this is a direct effect of GLP-1RAs at

the testicular level or direct effect mediated by weight loss cannot be

determined. Therefore, these data should be taken with caution, and

overall, no definitive conclusions can be drawn.

In conclusion, the results of our systematic review and meta-

analysis suggest a possible role for GLP-1RAs in the therapy of func-

tional hypogonadism related to overweight promoting rapid weight

loss in combination with other lifestyle interventions. However, the

overall effect found on testosterone levels is statistically significant,

but modest, especially if the source studies of high heterogeneity are

removed. The clinical significance of this increase, therefore, remains

to be clarified. Similarly, the observed increase in gonadotropins after

treatment is slight and influenced mainly by a single study but seems

to suggest a potential positive effect in correcting the suppression of

theHPGaxis involved in obesity-related functional hypogonadism. The

great heterogeneity of the included studies, the lack of randomization

and adequate control groups, and the low number of patients involved

does not allow for the demonstration of a direct testicular activity of
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GLP-1RAs.Well-designedclinical trials are thereforeneeded to further

investigate the effects of GLP-1RAs on themale reproductive system.

AUTHOR CONTRIBUTIONS

Gianmaria Salvio andAlessandroCiarloni:Writing; reviewing; editing;

investigation; conceptualization; formal analysis.Nicola Ambo, Monia

Bordoni, Michele Perrone, and Silvia Rossi: Investigation; review and

editing.Giancarlo Balercia: Review; editing and supervision.

ACKNOWLEDGMENTS

This work was supported by no funds.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

Gianmaria Salvio https://orcid.org/0000-0001-9290-5699

REFERENCES

1. Martins AD, Majzoub A, Agawal A. Metabolic syndrome and male

fertility. World J Mens Health. 2019;37(2):113. doi:10.5534/wjmh.

180055

2. Salvio G, Ciarloni A, Cutini M, et al. Metabolic syndrome and male

fertility: beyond heart consequences of a complex cardiometabolic

endocrinopathy. IJMS. 2022;23(10):5497. doi:10.3390/ijms23105497

3. WuFCW,TajarA, PyeSR, et al.Hypothalamic–pituitary–testicular axis

disruptions in oldermen are differentially linked to age andmodifiable

risk factors: the European male aging study. J Clin Endocrinol Metab.
2008;93(7):2737-2745. doi:10.1210/jc.2007-1972

4. Bhasin S, Brito JP, CunninghamGR, et al. Testosterone therapy in men

with hypogonadism: anEndocrine SocietyClinical PracticeGuideline. J
Clin Endocrinol Metab. 2018;103(5):1715-1744. doi:10.1210/jc.2018-
00229

5. Leisegang K, Sengupta P, Agarwal A, Henkel R. Obesity andmale infer-

tility: mechanisms and management. Andrologia. 2021;53(1):e13617.
doi:10.1111/and.13617

6. Landgraf R, Aberle J, Birkenfeld AL, et al. Therapy of type 2 dia-

betes. Exp Clin Endocrinol Diab. 2019;127(S 01):S73-S92. doi:10.1055/
a-1018-9106

7. Marso SP, Bain SC, Consoli A, et al. Semaglutide and cardiovas-

cular outcomes in patients with type 2 diabetes. N Engl J Med.
2016;375(19):1834-1844. doi:10.1056/NEJMoa1607141

8. Marso SP,DanielsGH,Brown-FrandsenK, et al. Liraglutide and cardio-

vascular outcomes in type 2 diabetes. N Engl J Med. 2016;375(4):311-
322. doi:10.1056/NEJMoa1603827

9. Vilsboll T, Christensen M, Junker AE, Knop FK, Gluud LL. Effects

of glucagon-like peptide-1 receptor agonists on weight loss: system-

atic review and meta-analyses of randomised controlled trials. BMJ.
2012;344:d7771. doi:10.1136/bmj.d7771

10. Williams DL. The diverse effects of brain glucagon-like peptide 1

receptors on ingestive behaviour. Br J Pharmacol. 2022;179(4):571-
583. doi:10.1111/bph.15535

11. Aldawsari M, Almadani FA, Almuhammadi N, Algabsani S, Alamro Y,

Aldhwayan M. The efficacy of GLP-1 analogues on appetite parame-

ters, gastric emptying, food preference and taste among adults with

obesity: systematic review of randomized controlled trials. DMSO.
2023;16:575-595. doi:10.2147/DMSO.S387116

12. Secher A, Jelsing J, Baquero AF, et al. The arcuate nucleus mediates

GLP-1 receptor agonist liraglutide-dependentweight loss. J Clin Invest.
2014;124(10):4473-4488. doi:10.1172/JCI75276

13. Coutinho W, Halpern B. Pharmacotherapy for obesity: moving

towards efficacy improvement. Diabetol Metab Syndr. 2024;16(1):6.
doi:10.1186/s13098-023-01233-4

14. MacLusky NJ, Cook S, Scrocchi L, et al. Neuroendocrine function and

response to stress in mice with complete disruption of glucagon-like

peptide-1 receptor signaling1. Endocrinology. 2000;141(2):752-762.
doi:10.1210/endo.141.2.7326

15. Caltabiano R, Condorelli D, Panza S, et al. Glucagon-like peptide-

1 receptor is expressed in human and rodent testis. Andrology.
2020;8(6):1935-1945. doi:10.1111/andr.12871

16. Rago V, De Rose D, SantoroM, et al. Human sperm express the recep-

tor for glucagon-like peptide-1 (GLP-1), which affects sperm function

and metabolism. Endocrinology. 2020;161(4):bqaa031. doi:10.1210/
endocr/bqaa031

17. Cannarella R, CalogeroAE, Condorelli RA,Greco EA, AversaA. Is there

a role for glucagon-like peptide-1 receptor agonists in the treatment of

male infertility? Andrology. 2021;9(5):1499-1503. doi:10.1111/andr.
13015

18. Izzi-Engbeaya C, Jones S, Crustna Y, et al. Acute effects of glucagon

on reproductive hormone secretion in healthy men. J Clin Endocrinol
Metab. 2020;105(6):1899-1905. doi:10.1210/clinem/dgaa164

19. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 state-

ment: an updated guideline for reporting systematic reviews. BMJ.
2021;372:n71. doi:10.1136/bmj.n71

20. WellsG, SheaB,O’ConnelD, et al. TheNewcastle–Ottawa scale (NOS)

for assessing the quality of non-randomized studies in meta-analysis.

2000. Accessed August 14, 2024. http://www.ohri.ca/programs/

clinical_epidemiology/oxford.asp

21. Higgins JPT, Thomas J, Chandler J, et al. Cochrane Handbook for
Systematic Reviews of Interventions. 2nd ed. JohnWiley & Sons; 2019.

22. Shao N, Yu XY, Yu YM, et al. Short-term combined treatment with

exenatide and metformin is superior to glimepiride combined met-

formin in improvement of serum testosterone levels in type 2 diabetic

patients with obesity. Andrologia. 2018;50(7):e13039. doi:10.1111/
and.13039

23. Giagulli VA, Carbone MD, Ramunni MI, et al. Adding liraglutide to

lifestyle changes, metformin and testosterone therapy boosts erectile

function in diabetic obese men with overt hypogonadism. Andrology.
2015;3(6):1094-1103. doi:10.1111/andr.12099

24. Lisco G, Bartolomeo N, De Tullio A, et al. Long-acting glucagon-like

peptide 1 receptor agonists boost erectile function in men with type

2 diabetes mellitus complaining of erectile dysfunction: a retrospec-

tive cohort study. Andrology. 2024;12(3):633-642. doi:10.1111/andr.
13519

25. Graybill S, Hatfield J, Kravchenko M, et al. Neutral effect of exe-

natide on serum testosterone in men with type 2 diabetes mellitus: a

prospective cohort. Andrology. 2021;9(3):792-800. doi:10.1111/andr.
12966

26. Giagulli VA, Castellana M, Carbone MD, et al. Weight loss more

than glycemic control may improve testosterone in obese type 2 dia-

betesmellitusmenwithhypogonadism.Andrology. 2020;8(3):654-662.
doi:10.1111/andr.12754

27. Jensterle M, Podbregar A, Goricar K, Gregoric N, Janez A. Effects

of liraglutide on obesity-associated functional hypogonadism in men.

Endocr Connect. 2019;8(3):195-202. doi:10.1530/EC-18-0514
28. La Vignera S, Condorelli RA, Calogero AE, Cannarella R, Aversa A. Sex-

ual and reproductive outcomes in obese fertile men with functional

hypogonadism after treatment with liraglutide: preliminary results.

JCM. 2023;12(2):672. doi:10.3390/jcm12020672

https://orcid.org/0000-0001-9290-5699
https://orcid.org/0000-0001-9290-5699
https://doi.org/10.5534/wjmh.180055
https://doi.org/10.5534/wjmh.180055
https://doi.org/10.3390/ijms23105497
https://doi.org/10.1210/jc.2007-1972
https://doi.org/10.1210/jc.2018-00229
https://doi.org/10.1210/jc.2018-00229
https://doi.org/10.1111/and.13617
https://doi.org/10.1055/a-1018-9106
https://doi.org/10.1055/a-1018-9106
https://doi.org/10.1056/NEJMoa1607141
https://doi.org/10.1056/NEJMoa1603827
https://doi.org/10.1136/bmj.d7771
https://doi.org/10.1111/bph.15535
https://doi.org/10.2147/DMSO.S387116
https://doi.org/10.1172/JCI75276
https://doi.org/10.1186/s13098-023-01233-4
https://doi.org/10.1210/endo.141.2.7326
https://doi.org/10.1111/andr.12871
https://doi.org/10.1210/endocr/bqaa031
https://doi.org/10.1210/endocr/bqaa031
https://doi.org/10.1111/andr.13015
https://doi.org/10.1111/andr.13015
https://doi.org/10.1210/clinem/dgaa164
https://doi.org/10.1136/bmj.n71
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1111/and.13039
https://doi.org/10.1111/and.13039
https://doi.org/10.1111/andr.12099
https://doi.org/10.1111/andr.13519
https://doi.org/10.1111/andr.13519
https://doi.org/10.1111/andr.12966
https://doi.org/10.1111/andr.12966
https://doi.org/10.1111/andr.12754
https://doi.org/10.1530/EC-18-0514
https://doi.org/10.3390/jcm12020672


2034 SALVIO ET AL.

29. Andersen E, Juhl CR, Kjøller ET, et al. Sperm count is increased

by diet-induced weight loss and maintained by exercise or GLP-

1 analogue treatment: a randomized controlled trial. Hum Reprod.
2022;37(7):1414-1422. doi:10.1093/humrep/deac096

30. Yazıcı D, Yapıcı Eser H, Kıyıcı S, et al. Clinical impact of glucagon-like

peptide-1 receptor analogs on the complications of obesity.Obes Facts.
2023;16(2):149-163. doi:10.1159/000526808

31. Singh P, Covassin N, Sert-Kuniyoshi FH, et al. Overfeeding-induced

weight gain elicits decreases in sex hormone-binding globulin in

healthy males—Implications for body fat distribution. Physiology Rep.
2021;9(23):e15127. doi:10.14814/phy2.15127

32. Narinx N, David K, Walravens J, et al. Role of sex hormone-

binding globulin in the free hormone hypothesis and the rele-

vance of free testosterone in androgen physiology. Cell Mol Life Sci.
2022;79(11):543. doi:10.1007/s00018-022-04562-1

33. Lakshman KM, Bhasin S, Araujo AB. Sex hormone-binding globulin as

an independent predictor of incident type 2 diabetesmellitus inmen. J
Gerontol A. 2010;65(5):503-509. doi:10.1093/gerona/glq002

34. Vikan T, Schirmer H, Njølstad I, Svartberg J. Low testosterone and

sex hormone-binding globulin levels and high estradiol levels are

independent predictors of type 2 diabetes in men. Eur J Endocrinol.
2010;162(4):747-754. doi:10.1530/EJE-09-0943

35. Jiang C, Wang Y, YangW, Yang X. New evidence for the effect of type

2 diabetes and glycemic traits on testosterone levels: a two-sample

Mendelian randomization study. Front Endocrinol. 2023;14:1238090.
doi:10.3389/fendo.2023.1238090

36. Hedderson MM, Capra A, Lee C, et al. Longitudinal changes in

sex hormone binding globulin (SHBG) and risk of incident diabetes:

the study of women’s health across the nation (SWAN). Diab Care.
2024;47(4):676-682. doi:10.2337/dc23-1630

37. Jensterle M, Rizzo M, Haluzík M, Janež A. Efficacy of GLP-1 RA

approved for weight management in patients with or without dia-

betes: a narrative review. Adv Ther. 2022;39(6):2452-2467. doi:10.
1007/s12325-022-02153-x

38. Ansari HUH, Qazi SU, Sajid F, et al. Efficacy and safety of glucagon-

like peptide-1 receptor agonists on body weight and cardiometabolic

parameters in individuals with obesity and without diabetes: a sys-

tematic review and meta-analysis. Endocr Pract. 2024;30(2):160-171.
doi:10.1016/j.eprac.2023.11.007

39. Yao H, Zhang A, Li D, et al. Comparative effectiveness of GLP-1 recep-

tor agonists on glycaemic control, body weight, and lipid profile for

type 2 diabetes: systematic review and network meta-analysis. BMJ.
2024;384:e076410. doi:10.1136/bmj-2023-076410

40. Marx N, Federici M, Schütt K, et al. 2023 ESC Guidelines for the man-

agement of cardiovascular disease in patients with diabetes. Eur Heart
J. 2023;44(39):4043-4140. doi:10.1093/eurheartj/ehad192

41. Committee American Diabetes Association Professional Practice,

ElSayed NA, Aleppo G, et al. 9. Pharmacologic approaches to

glycemic treatment: standards of care in diabetes—2024. Diab Care.
2024;47:S158-S178. doi:10.2337/dc24-S009. Supplement_1.

42. Oride A, Kanasaki H, Mijiddorj T, et al. GLP-1 increases Kiss-1

mRNAexpression in kisspeptin-expressingneuronal cells†.Biol Reprod.
2017;97(2):240-248. doi:10.1093/boiler/iox087

43. Simpson EM, Clarke IJ, Scott CJ, Stephen CP, Rao A, Gunn AJ. The

GLP-1 agonist, exendin-4, stimulates LH secretion in female sheep. J
Endocrinol. 2023;259(1):e230105. doi:10.1530/JOE-23-0105

44. Gandaglia G, Salonia A, Passoni N, Montrose P, Briganti A, Montrose

F. Erectile dysfunction as a cardiovascular risk factor in patients with

diabetes. Endocrine. 2013;43(2):285-292. doi:10.1007/s12020-012-
9780-2

45. Miner M, Nehra A, Jackson G, et al. All men with vasculogenic

erectile dysfunction require a cardiovascular workup. Amer J Med.
2014;127(3):174-182. doi:10.1016/j.amjmed.2013.10.013

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Salvio G, Ciarloni A, AmboN, et al.

Effects of glucagon-like peptide 1 receptor agonists on

testicular dysfunction: A systematic review andmeta-analysis.

Andrology. 2025;13:2022–2034.

https://doi.org/10.1111/andr.70022

https://doi.org/10.1093/humrep/deac096
https://doi.org/10.1159/000526808
https://doi.org/10.14814/phy2.15127
https://doi.org/10.1007/s00018-022-04562-1
https://doi.org/10.1093/gerona/glq002
https://doi.org/10.1530/EJE-09-0943
https://doi.org/10.3389/fendo.2023.1238090
https://doi.org/10.2337/dc23-1630
https://doi.org/10.1007/s12325-022-02153-x
https://doi.org/10.1007/s12325-022-02153-x
https://doi.org/10.1016/j.eprac.2023.11.007
https://doi.org/10.1136/bmj-2023-076410
https://doi.org/10.1093/eurheartj/ehad192
https://doi.org/10.2337/dc24-S009
https://doi.org/10.1093/boiler/iox087
https://doi.org/10.1530/JOE-23-0105
https://doi.org/10.1007/s12020-012-9780-2
https://doi.org/10.1007/s12020-012-9780-2
https://doi.org/10.1016/j.amjmed.2013.10.013
https://doi.org/10.1111/andr.70022

	Effects of glucagon-like peptide 1 receptor agonists on testicular dysfunction: A systematic review and meta-analysis
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Search strategy
	2.2 | Selection criteria
	2.3 | Data extraction and quality assessment
	2.4 | Statistical analysis

	3 | RESULTS
	3.1 | Study selection
	3.2 | Risk of bias assessment
	3.3 | Before-after analysis
	3.4 | Meta-regression analysis
	3.5 | Comparison analysis

	4 | DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ORCID
	REFERENCES
	SUPPORTING INFORMATION


