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STUDY QUESTION: Does diet-induced weight loss improve semen parameters, and are these possible improvements maintained with
sustained weight loss?

SUMMARY ANSWER: An 8-week low-calorie diet-induced weight loss was associated with improved sperm concentration and sperm
count, which were maintained after 1 year in men who maintained weight loss.

WHAT IS KNOWN ALREADY: Obesity is associated with impaired semen quality. Weight loss improves metabolic health in obesity,
but there is a lack of knowledge on the acute and long-term effects of weight loss on semen parameters.

STUDY DESIGN, SIZE, DURATION: This is a substudy of men with obesity enrolled in a randomized, controlled, double-blinded trial
(the S-LITE trial). The trial was conducted between August 2016 and November 2019. A total of 56 men were included in the study and
assigned to an initial 8-week low-calorie diet (800 kcal/day) followed by randomization to 52 weeks of either: placebo and habitual activity
(placebo), exercise training and placebo (exercise), the Glucagon Like Peptide 1 (GLP-1) analogue liraglutide and habitual activity (liraglu-
tide) or liraglutide in combination with exercise training (combination).

PARTICIPANTS/MATERIALS, SETTING, METHODS: Inclusion criteria were men who delivered semen samples, 18 to 65 years of
age, and a body mass index between 32 and 43 kg/m2, but otherwise healthy. The study was carried out at Hvidovre Hospital and at the
University of Copenhagen, and the participants were from the Greater Copenhagen Area. We assessed semen parameters and anthropo-
metrics and collected blood samples before (T0), after the 8-week low-calorie dietary intervention (T1), and after 52 weeks (T2).

MAIN RESULTS AND THE ROLE OF CHANCE: The men lost on average 16.5 kg (95% CI: 15.2–17.8) body weight during the low-
calorie diet, which increased sperm concentration 1.49-fold (95% CI: 1.18–1.88, P< 0.01) and sperm count 1.41-fold (95% CI: 1.07–1.87,
P< 0.01). These improvements were maintained for 52 weeks in men who maintained the weight loss, but not in men who regained
weight. Semen volume, sperm motility and motile sperm count did not change.

LIMITATIONS, REASONS FOR CAUTION: The S-LITE trial was a randomized controlled trial of weight loss maintenance. Analysis of semen
was preregistered to explore the effects of weight loss and weight loss maintenance on semen parameters, but definite inferences cannot be made.
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WIDER IMPLICATIONS OF THE FINDINGS: This study shows that sperm concentration and sperm count were improved after a
diet-induced weight loss in men with obesity. Our findings indicate that either or both liraglutide and exercise as weight maintenance strat-
egies may be used to maintain the improvements in sperm concentration and count.
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Introduction
The prevalence of obesity is increasing globally (Bentham et al., 2017),
while meta-analyses indicate declining sperm count over time (Carlsen
et al., 1992; Levine et al., 2017). A decline in utero exposure to mater-
nal smoking has not reflected an overall improvement of semen quality
at the population level in Danish men, which suggests that other ad-
verse factors may maintain the low semen quality (Priskorn et al.,
2018). Increasing BMI levels, overweight and obesity are associated
with decreased sperm concentration, total sperm count, progressive
sperm motility and sperm morphology (Andersen et al., 2015; Salas-
Huetos et al., 2021). Increased BMI of both the woman and the male
partner is also associated with subfertility (time-to-pregnan-
cy> 12 months or use of assisted reproductive technology) (Hernáez
et al., 2021). In line with these observations, results from a meta-
analysis showed an increased risk of low (oligozoospermia) and very-
low (azoospermia) sperm count in men with obesity compared to
men with normal weight. Thus, compared to men with a BMI between
18.5 and 24.9 kg/m2, the odds ratio for low sperm count increased to
1.28 for men with a BMI between 30.0 and 39.9 kg/m2 and to 2.04
with a BMI above 40.0 kg/m2 (Sermondade et al., 2013). Obesity is
therefore considered a risk factor for development of male infertility.

The S-LiTE study, a diet-induced weight loss intervention followed
by exercise, GLP-1 receptor agonist therapy or the combination to
maintain weight loss, has shown that the detrimental metabolic effects
of obesity are reversed, to a large extent, by weight loss (Lundgren
et al., 2021). While studies in women have shown that weight loss
achieved by combining diet and exercise interventions was associated
with increased pregnancy rates, only a limited number of studies have
investigated the effect of weight loss on male fertility (Best et al.,
2017). Initial case reports of men with obesity who underwent bariat-
ric surgery suggested that the dramatic weight loss was associated
with an impairment of semen parameters (Lazaros et al., 2012), while
a more recent and larger study suggests a modest improvement

(Samavat et al., 2018). Likewise, combined diet and exercise-induced
weight loss interventions have shown promising effects on sperm
count, semen volume, sperm morphology and decreased sperm DNA
fragmentation (Håkonsen et al., 2011; Faure et al., 2014; Mir et al.,
2018). Higher self-reported moderate-to-vigorous physical activity was
associated with higher levels of progressive and total motility in 746
potential sperm donors from China (Sun et al., 2019). Furthermore,
the frequency of 10 min bouts of moderate-to-vigorous-intensity physi-
cal activity performed and assessed by accelerometers was associated
with higher sperm concentration, sperm count, motile concentration
and total motile sperm in a cross-sectional study (Pärn et al., 2015).
However, it is unclear whether weight loss per se improves semen
parameters and, if so, whether these improvements can be upheld
with sustained weight loss.

Here, we investigated the effect of an 8-week diet-induced weight
loss followed by randomization to one of four different 52 weeks
weight maintenance strategies: placebo and habitual activity, placebo
and exercise, liraglutide and habitual activity or liraglutide and exercise
on semen parameters. The use of a GLP-1 receptor agonist, which
induces and maintains weight loss, is of particular interest since a case
report suggested that liraglutide therapy was detrimental to sperm
concentration and motility (Fontoura et al., 2014).

Materials and methods

Study cohort
This study was performed as a substudy of the S-LiTE trial (Synergy ef-
fect of the appetite hormone GLP-1 (Liraglutide) and Exercise on
maintenance of weight loss and health after a low-calorie diet). The
S-LiTE trial protocol with details of the design, a full list of inclusion
and exclusion criteria and methods has been published (Jensen et al.,
2019) as well as the results of the primary endpoint, weight change
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(Lundgren et al., 2021). In brief, the S-LiTE trial included 215 women
and men (age 18–65 years) with obesity (BMI 32–43 kg/m2) but with-
out diabetes. The participants were recruited to firstly adhere to a
low-calorie diet (800 kcal/day) (Cambridge Weight-planner) for 8
weeks with the objective of losing �5% body weight. The participants
were then randomized in a 1:1:1:1 ratio to one of four groups for
52 weeks. Randomization was stratified by age (under or above
40 years of age) and sex and performed by blinded personnel not oth-
erwise related to the study. The four intervention groups were: (i) pla-
cebo plus habitual activity (placebo group), (ii) exercise according to
WHO guidelines (exercise group), (iii) liraglutide 3 mg/day plus habit-
ual activity (liraglutide group) and (iv) exercise plus liraglutide (combi-
nation group). The participants allocated to the exercise intervention
were strongly encouraged to fulfil the WHO recommendations of
150 min per week of moderate physical activity or 75 min per week of
vigorous exercise or a combination of both by given the opportunity
to participate in two 45 min group exercise sessions facilitated and su-
pervised at Hvidovre Hospital (Denmark) and two 30 min individually
exercise sessions. The aim for each session was an intensity of 80% of
the maximum heart rate. The study personnel monitored all per-
formed exercise with heart-rate monitors to ensure the fulfilment of
the WHO recommendations of physical activity for health. The partici-
pants not allocated to exercise were asked to carry on their habitual
activity. The participants injected the study medication, liraglutide or
volume-matched placebo, subcutaneously with adjustable pens. The
starting dose was 0.6 mg per day with a weekly increase of 0.6 mg per
day until reaching the final dose of 3.0 mg per day or the highest toler-
able dose. The trial included weekly visits during the 8-week low-
calorie diet and approximately monthly visits during the 52 weeks ran-
domized intervention. Three test days were performed before (T0)
and after (T1) the 8-week low-calorie diet and at 52 weeks after ran-
domization (T2). Changes in semen parameters were preregistered as
explorative endpoints (Jensen et al., 2019) and were the aim of this
substudy. The study was reported according to the CONSORT guide-
line. The trial was approved by the Ethical Committee of the Capital
Region of Denmark (H-16027082) and the Danish Medicines Agency
(EudraCT Number: 2015-005585-32) and was conducted according
to the principles of the Declaration of Helsinki and Good Clinical
Practice guidelines. All the participants provided written informed con-
sent before the first trial visit.

Clinical parameters
All clinical parameters were measured after overnight fasting by the
study personnel. Height was measured at study inclusion. Weight was
measured wearing light clothes and to the nearest 0.1 kg (WB-110MA,
Tanita, Tokyo, Japan), and a BMI (kg/m2) was calculated (weight (kg)/
height (m)2). Total body-fat percentage was measured using the same
Dual-energy X-ray Absorptiometry (DXA) scanner throughout the
study (Discovery A, Hologic, Bedford, USA). Peak oxygen uptake
(VO2 peak) rates were assessed with a max cycle ergometer test.

Plasma C-reactive protein (CRP) was measured with a turbidimetric
immunoassay, plasma cholesterol, low-density lipoprotein (LDL), high-
density lipoprotein (HDL), very low-density lipoprotein (VLDL) and tri-
glycerides with the enzymatic colourimetric method (COBAS 6000/
8000, Roche, Basel, Switzerland). Glycated haemoglobin A1c (HbA1C)
was measured with high-performance liquid chromatography (HLC

723 G8, TOSOH, Tokyo, Japan). Haemoglobin was measured with a
photometric cyanide-free SLS method (XN 1000/9000, SYSMEX,
Kobe, Japan). All measurements were analysed on the same day as
the test visits at the Department of Clinical Biochemistry, Hvidovre
Hospital, Hvidovre, Denmark.

Semen assessment
Single ejaculate semen samples were collected on-site in an examina-
tion room at the Faculty of Health and Medical Sciences, University of
Copenhagen, Denmark. Participation in this substudy of the S-LiTE trial
was encouraged and economically compensated, but participation was
voluntary as part of the S-LiTE trial. All participants were controlled
for testicular abnormalities by anamnesis. Each semen sample was de-
livered after 3 days of sexual abstinence directly into sterile polypropyl-
ene containers (Sarstedt, Nümbrecht, Germany) and stored at 37�C
for 30 min for liquefaction of the sample. Semen volume (ml) was
measured by using a wide-bore serological pipette, instead of weighing,
which is the recommended measurement method by WHO (WHO,
2010). Basic sperm parameters were measured by inspection using
phase-contrast microscopy according to WHO guidelines (WHO,
2010) at room temperature (22�C). Sperm concentration (million
sperm/ml) was assessed using a Bürker-Türk haemocytometer (VWR,
Søborg, Denmark) to count the amount of sperm of a diluted sample.
At least 200 spermatozoa were counted in duplicate. Sperm count
(million sperm/ejaculate) was calculated by multiplying sperm concen-
tration by semen volume. Sperm motility was assessed on at least 200
spermatozoa in at least five microscope fields. Motile spermatozoa
were defined according to the WHO three-category scheme: progres-
sive motile, non-progressive motile and immotile. Sperm motility
includes both progressive and non-progressive motile sperm. Motile
sperm count (million motile sperm/ejaculate) was calculated by multi-
plying sperm count by the fraction of motile sperm.

Statistical analyses
Results are presented as mean § SD and changes are presented as
mean (95% CI) if not otherwise stated. All analyses were performed as
paired analyses based on the time points (T0, T1 and T2) of the individ-
uals. Data were analysed for normality. For non-normal data, log trans-
formation was used to normalize data. Paired t-test was carried out to
evaluate the differences before and after the 8-week low-calorie diet,
and Wilcoxon signed-rank test was used for non-normal data. The me-
dian weight loss from T0 to T2 was used to define two groups: good
maintainers and poor maintainers. Data for the 52 weeks intervention
were analysed with mixed-effects analysis, and Tukey’s multiple compari-
sons test was used post hoc to investigate differences between time-
points. A P-value below 0.05 was considered statistically significant. All
statistical analyses were performed using GraphPad Prism Version 9.2.0.

Results

Change in semen parameters after an
8-week low-calorie diet-induced weight loss
A cohort of 47 men completed the 8-week low-calorie diet and had a
semen sample collected before (T0) and after weight loss (T1) (Fig. 1
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..and Supplementary Fig. S1). The mean (range) age of the men at inclu-
sion was 41 years (20–63 years), and the mean § SD BMI was
37.0§ 2.8 kg/m2 (Table I). Participants lost an average of 16.5 kg
(95% CI: 15.1–17.8 kg), and the mean BMI was decreased to
32.0§ 2.9 kg/m2. The waist:hip ratio improved from 1.01§ 0.07
to 0.96§ 0.07, as did the body-fat percentage (%), from 34.1§ 3.9 to
31.0§ 4.2, while reductions in plasma CRP, HbA1c, plasma choles-
terol and plasma triglycerides were also noted (Table I).

After the low-calorie diet, an improvement in sperm concentration
of 1.49 fold (95% CI: 1.18–1.88, P< 0.01) (from 78.5§ 74.9 to
91.7§ 70.8 million sperm/ml) was observed, as well as an improve-
ment in sperm count of 1.41 fold (95% CI: 1.07–1.87, P< 0.01) (from
191.2§ 189.4 to 250.6§ 319.4 million sperm/ejaculate) (Table I).
The semen volume did not change. The number of individuals with oli-
gospermia (sperm concentration below 15 million sperm per millilitre)
(WHO, 2010) was 8 out of 47 before weight loss and 6 out of 47 af-
ter weight loss (Fig. 2). Although the change in motile sperm count did
not reach statistical significance (P¼ 0.1), we observed that the num-
ber of individuals with a very low motile sperm count (<1 million per
ejaculate) was reduced from 6 out of 47 before the intervention to 1
out of 47 after the 8-week low-calorie diet (P< 0.05) (Fig. 2).

Change in semen parameters after 1 year
of sustained weight loss
A total of 37 individuals delivered a semen sample 52 weeks after the
initial weight loss with 8, 9, 7 and 13 individuals in the placebo, exer-
cise, liraglutide or combination group, respectively (Fig. 1). Similar to
the primary study (Lundgren et al., 2021), the combination of exercise
and liraglutide was more efficient at maintaining weight loss than the
two interventions alone, while the participants in the placebo group
regained weight (Supplementary Table SI). In addition, compared to
T1, HDL cholesterol increased in the three intervention groups but
not in the placebo group. The participants in the exercise groups (ex-
ercise and combination group) increased VO2 peak.

Individual weight loss from T0 to T2, irrespective of the intervention
group, ranged from a weight gain of 5.7 kg to a weight loss of 50.7 kg,

with a median weight loss of 11.7 kg. Individual variation of semen
parameters across the time points showed that weight loss affected
sperm concentration and sperm count, but not semen volume, sperm
motility and motile sperm count (Supplementary Fig. S2). Sperm con-
centration remained elevated at T2 in all intervention groups, while
sperm count returned to baseline levels (Supplementary Fig. S2). To
analyse the effect of sustained weight loss on semen parameters, we
used the median weight loss from T0 to T2 (11.7 kg) to define good
maintainers (mean weight loss of 21.4 kg (95% CI: 16.8–26.1 kg),
n¼ 18) and poor maintainers (mean weight loss of 7.6 kg (95% CI:
5.8–9.4 kg), n¼ 19) (Table II). We found an increase in sperm concen-
tration of 1.71-fold (95% CI: 1.15–2.55, P< 0.05) and sperm count of
1.97-fold (95% CI: 1.22–3.18, P< 0.05) at T2 compared to T0 for the
group of men who maintained a weight loss of more than 11.7 kg after
the 52 weeks, irrespective of the intervention group (Fig. 3). The se-
men volume and sperm motility did not change after 1 year of inter-
vention in any group, while the motile sperm count was insignificantly
increased by 1.50-fold (95% CI: 0.64–3.52, P¼ 0.3) in the group of
good maintainers (Fig. 3). Analysis within the subgroups indicated a
maintained increase in sperm concentration in the liraglutide group
only (Supplementary Fig. S3). A total of 20 individuals received liraglu-
tide for 52 weeks (7 received liraglutide alone and 13 in combination
with exercise). Sperm concentration was increased after the low-calo-
rie diet-induced weight loss, from T0 to T1 (P¼ 0.04), and was main-
tained after 52 weeks. No other semen parameters were changed. A
similar analysis of the 21 individuals assigned to exercise (8 received
exercise alone and 13 in combination with liraglutide) did not show
changes in semen parameters during the study.

Discussion
In this study, we investigated the effect of weight loss and weight loss
maintenance on semen parameters in men with obesity. We found
that an 8-week diet-induced weight loss improved sperm concentra-
tion and sperm count. The improvements after the 8-week low-
calorie diet were preserved after 52 weeks if a significant weight loss

Figure 1. Schematic overview of the study design. The exercise program was designed to meet the World Health Organization (WHO)
recommendations on physical activity for health of a minimum of 150 min per week of moderate-intensity aerobic physical activity or 75 min per
week of vigorous-intensity aerobic physical activity, or an equivalent combination of both.
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(>12 kg) was maintained. Obesity is associated with an increased
prevalence of oligospermia (Sermondade et al., 2013). Here, we found
a reduction in the percentage of men with oligospermia after an

8-week weight loss intervention from 17% to 13%, suggesting that
obesity-associated oligospermia can be reduced with weight loss.
Secondly, we report that a beneficial effect on sperm concentration

............................................................................................................................................................................................................................

Table I Clinical characteristics before (T0) and after an 8-week low-calorie diet-induced weight loss (T1) (n¼ 47).

Time of sampling

Characteristic T0 (n 5 47) T1 (n 5 47)

Age (years) 41 (range 20–63)

Weight (kg) 122.3 (§13.7) 105.8 (§12.5)a

BMI (kg/m2) 37.0 (§2.8) 32.0 (§2.9)a

Waist circumference (cm) 119.3 (§8.4) 106.1 (§9.0)a

Hip circumference (cm) 118.5 (§6.8) 110.3 (§6.6)a

Waist:hip ratio 1.01 (§0.07) 0.96 (§0.07)a

Fat percentage (%)b 34.1 (§3.9) 31.0 (§4.2)a

Plasma CRP (mg/l)b 2.4 (§2.3) 1.9 (§2.4)a

HbA1c (mmol/mol)b 35.8 (§3.5) 33.0 (§3.2)a

HbA1c (%)b 6.0 (§0.5) 5.6 (§0.5)a

Plasma cholesterol (mmol/l) 4.8 (§0.9) 3.9 (§1.0)a

Plasma cholesterol HDL (mmol/l) 1.1 (§0.2) 1.0 (§0.2)a

Plasma cholesterol LDL (mmol/l) 3.0 (§0.9) 2.4 (§0.9)a

Plasma cholesterol VLDL (mmol/l) 0.8 (§0.4) 0.5 (§0.2)a

Plasma triglyceride (mmol/l) 1.7 (§0.8) 1.1 (§0.4)a

Semen volume (ml) 2.5 (§1.3) 2.6 (§1.7)

<1.5 ml, n [% of all] 11 [23] 14 [30]

Sperm concentration (million/ml) 78.5 (§74.9) 91.7 (§70.8)a

<15 million/ml, n [% of all] 8 [17] 6 [13]

Sperm count (million/ejaculate) 191.2 (§189.4) 250.6 (§319.4)a

<39 million/ejaculate, N [% of all] 11 [23] 9 [19]

Sperm motility (%) 33.3 (§20.2) 31.5 (§20.4)

<40%, N [% of all] 30 [64] 32 [68]

Motile sperm count (million/ejaculate) 71.3 (§90.9) 83.7 (§115.7)

<1 million/ejaculate, N [% of all] 6 [15] 1 [2]

Data are represented as mean (§SD) unless otherwise noted. Statistical values are highlighted in bold.
a

Difference versus T0 analysed with Student’s t-test (Wilcoxon signed rank test where appropriate).
b

Contains missing numbers.
CRP, C-reactive protein; HbA1c, haemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very low-density lipoprotein.

Figure 2. Effect of weight loss on semen parameters. Difference in semen parameters before (T0), and after an 8-week low-calorie diet-in-
duced weight loss (T1) in men with obesity (n¼ 47). Differences between groups were calculated with Student’s t-test. *P< 0.05 versus T0.
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Table II Clinical characteristics of the two weight loss maintaining groups: poor maintainers (n¼19) and good maintainers
(n¼ 18) before (T0) and after 52 weeks (T2).

Poor maintainers (n 5 19) Good maintainers (n 5 18)

Characteristic T0 T2 T0 T2

Age (years) 45 (range 28–63) 37 (range 19–60)

Weight (kg) 121.3 (§12.9) 113.7 (§13.3)a 124.3 (§15.5) 102.9 (§19.0)a

BMI (kg/m2) 37.4 (§3) 35.1 (§3.0)a 36.2 (§2.1) 29.9 (§3.9)a

Waist circumference (cm) 119.6 (§9.6) 113.0 (§8.9)a 118.6 (§8.3) 98.8 (§11.9)a

Hip circumference (cm) 116.9 (§6.8) 109.3 (§7.1)a 113.8 (§6.3) 117.0 (§6.8)a

Waist:hip ratio 1.02 (§0.08) 0.99 (§0.08)a 0.99 (§0.08) 1.02 (§0.08)a

Body-fat percentage (%) 33.5 (§3.7) 31.1 (§4.3)a 34 (§3.8)b 27.2 (§6.3)a

Plasma CRP (mg/l) 2.3 (§2.5) 3.6 (§8.9) 2.5 (§2.2) 1.0 (§0.9)a

HbA1c (mmol/mol) 36.7 (§3.3) 34.4 (§2.5)a 34.8 (§4.1)b 32.3 (§3.3)a

HbA1c (%) 6.2 (§0.5) 5.8 (§0.4)a 5.9 (§0.6)b 5.5 (§0.5)a

Plasma cholesterol (mmol/l) 4.6 (§0.8) 4.6 (§0.8) 4.8 (§0.9) 4.3 (§0.8)a

Plasma cholesterol HDL (mmol/l) 1.1 (§0.2) 1.2 (§0.2)a 1.1 (§0.3) 1.3 (§0.3)a

Plasma cholesterol LDL (mmol/l) 2.7 (§0.7) 2.7 (§0.7) 3.1 (§0.9) 2.5 (§0.8)a

Plasma cholesterol VLDL (mmol/l) 0.9 (§0.4) 0.7 (§0.3)a 0.6 (§0.2) 0.5 (§0.2)a

Plasma triglyceride (mmol/l) 1.9 (§0.9) 1.4 (§0.6)a 1.3 (§0.5) 1.0 (§0.5)a

Semen volume (ml) 2.8 (§1.6) 2.2 (§1.1) 2.7 (§1.2) 3.0 (§1.2)

Sperm concentration (million/ml) 96.9 (§59.0) 90.6 (§78.6) 52.0 (§56.1) 63.0 (§52.3)a

Sperm count (million/ejaculate) 235.2 (§160.4) 186.4 (§142.9) 154.3 (§191.1) 206.2 (§222.1)a

Sperm motility (%) 39.9 (§16) 29.7 (§17.2)b 36.0 (§24.5) 22.3 (§14.9)b

Motile sperm count (million/ejaculate) 73.6 (§52.4) 47.9 (§44.4)b 65.2 (§100.3) 56.9 (§72.3)b

Data are represented as mean (§SD) unless otherwise noted. Statistical values are highlighted in bold.
a

Difference versus T0 analysed with Student’s t-test (Wilcoxon signed rank test where appropriate).
b

Contains missing numbers.
CRP, C-reactive protein; HbA1c, haemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very low-density lipoprotein.

Figure 3. Substantial maintenance of weight loss after 52 weeks is associated with improved sperm concentration and sperm
count. Difference in semen parameters after an 8-week low-calorie diet-induced weight loss followed by 52 weeks intervention (T2) compared to
baseline (T0). Groups were based on weight loss after 52 weeks. Poor maintainers (red) had a weight loss of less than 11.7 kg after 52 weeks
(n¼ 19). Good maintainers (blue) had a weight loss of more than 11.7 kg after 52 weeks (n¼ 18). Differences between groups were calculated with
mixed-effects analysis using Turkey’s multiple comparisons test. Black bars indicate 95% CIs. Dots indicate individual observations. *P ¼ <0.05 versus
T0.
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and sperm count persists if a significant weight loss is maintained. Our
results are in accordance with another study that showed an improve-
ment in sperm concentration and sperm count in men with obesity af-
ter a 14-week weight loss program based on a healthy diet and daily
exercise. In that study, the positive impact of diet on semen parame-
ters was only seen in individuals with a weight loss of more than 12%
body weight (Håkonsen et al., 2011). In two other weight loss studies
using nutritional and exercise coaching, there was no improvement in
sperm concentration or sperm count, but reductions in sperm DNA
fragmentation (Faure et al., 2014; Mir et al., 2018). However, in the
study by Mir et al. (2018) an improvement in progressive motility was
observed. Compared to our study, there were fewer participants (6
versus 56) in the study by Faure et al. (2014), and participants lost
considerably less weight (BMI �2.8 (kg/m2) vs �6.4 (kg/m2)) in the
study by Mir et al. (2018).

We observed that sperm concentration and count were improved
by weight loss while semen volume, motility and motile sperm count
did not change. However, there was a trend towards improvement in
motile sperm count after the 8-week low-calorie weight loss and after
52 weeks in the group of good maintainers compared to T0.

Exercise alone has previously been found to improve sperm param-
eters, including sperm concentration, sperm progressive motility and
sperm morphology (Rosety et al., 2017). Our study showed that exer-
cise helps maintain weight loss, but that semen parameters were not
further improved with exercise beyond the rather significant effect of
the initial 8-week diet-induced weight loss in men with obesity.
Similarly, for liraglutide, we did not observe any additional effect be-
yond the initial improvements with diet-induced weight loss. In a previ-
ous case report, liraglutide treatment was associated with impairment
of most semen parameters (Fontoura et al., 2014). Similar findings
were reported in another case report of bariatric surgery, where an in-
crease in endogenous GLP-1 is usually observed (Lazaros et al., 2012).
However, in a more extensive study of 23 individuals undergoing bar-
iatric surgery, such effects were not observed (Samavat et al., 2018).
In the case report mentioned, the participant received a low dose of
0.6 mg liraglutide/day (Fontoura et al., 2014), in contrast to 3.0 mg lira-
glutide/day used in our study. Importantly, we did not observe any
detrimental effects of liraglutide on semen parameters. In women
treated with liraglutide, positive effects on both metabolic health and
fertility have been observed. A low dose of liraglutide in combination
with metformin was superior to metformin alone in improving meta-
bolic health in women with obesity and polycystic ovarian syndrome,
which also led to an increased IVF pregnancy rate compared to met-
formin alone (Salamun et al., 2018). Our data suggest that liraglutide
treatment helps to maintain weight loss also without negatively impact-
ing semen quality.

The strengths of the study lie in its randomized, controlled design,
the duration of the study with a large diet-induced weight loss, the
1-year duration in the three arms (exercise, GLP1-RA and the two
combined) and the presence of a placebo group. This setup makes
analysis of good versus poor weight loss maintainers possible on
improvements of semen concentration and count. There were 56
men included in this study to investigate the effect of a low-calorie
diet-induced weight loss. After the low-calorie diet, the men were ran-
domized into different treatment arms to maintain weight loss, thereby
lowering the number in each treatment arm which limits the statistical
strength of each treatment arm. Another limitation is that the semen

volume was measured by a pipette and not weight as recommended
from the fifth WHO laboratory manual for examination of human
(WHO, 2010). As this method may lead to an underestimation of se-
men volume in the range of 0.3–0.9 ml (Brazil et al., 2004; Iwamoto
et al., 2006; Cooper et al., 2007), the absolute values of volume
should be compared with caution to other studies. Relative changes
should not be influenced since volumetric assessment was used
throughout the study, and it has been found to be a systematic error
caused by residual semen left in the container (Woodward et al.,
2016). The sixth WHO laboratory manual recommends haemocytom-
eter chambers with improved Neubauer ruling for sperm
counting. This study was performed before those guidelines and the
Bürker-Türk haemocytometer used follows the fifth WHO laboratory
manual which recommends 100-lm-deep haemocytometer chambers
for counting.

In conclusion, our study shows that a short-term low-calorie weight
loss intervention in men with obesity improves sperm concentration
and sperm count. In addition, we provide evidence that liraglutide
and/or exercise can be used to maintain the weight loss-induced
improvements and may be used for preserving sperm quality in the
long term. Improved sperm concentration and sperm count may be
linked to a shorter time to pregnancy (Slama et al., 2002). The persis-
tent improvement of sperm concentration and count after weight loss
maintained through exercise and/or a GLP-1 receptor agonist may
therefore also result in improved male fertility.

Supplementary data
Supplementary data are available at Human Reproduction online.
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