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Background: The present systematic review and meta-analysis was performed to explore the possible effect of bariatric sur-
gery on semen parameters.

Material/Methods: Studies on the effect of bariatric surgeries on semen parameters were collected by searching Cochrane Library,
PUBMED, EMBASE, MEDLINE, and CNKI databases. We extracted information on essential data and outcome
measures, including study design, bariatric surgery, and semen parameters at baseline and after the surgery
from the included studies, and STATA 12.0 software was applied to conduct the meta-analysis. Predefined sub-
group analyses were also conducted by study design and bariatric surgical procedures. The standard mean dif-
ference (SMD) was calculated to estimate the effect on semen parameters.

Results: After the literature search, 6 articles that fulfilled the inclusion criteria were included in the present meta-analysis.
The results revealed that patients who had undergone gastric bypass surgery had an increase in semen volume
(SMD (95%Cl)=0.583 (0.121-1.045), p=0.013). However, the seminal concentration (overall, SMD (95%Cl)=—
0.123 (-0.418-0.173), p=0.416) and the semen progressive motility (overall SMD (95%Cl)=0.148 (-0.148-0.444),
p=0.328) remained unchanged after the bariatric surgery. Nevertheless, semen normal morphology experienced
an increase in the subgroup of prospective design and sleeve gastrectomy (prospective study, SMD (95%Cl)=
0.385 (0.074-0.697), p=0.015, sleeve gastrectomy, SMD (95%Cl)=0.880 (0.465-1.296), p=0.000; overall, SMD
(95%C1)=0.372 (0.068-0.677), p=0.017).
Conclusions: In conclusion, based on the limitations of the present meta-analysis, definite conclusions cannot be reached
regarding the possible effect of bariatric surgery on semen parameters.
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Background

Obesity is an increasingly serious public health problem world-
wide, and is associated with multiple health problems, including
increased risk for cardiovascular disorders, diabetes, and re-
duced life expectancy [1]. In the USA, about one-third of adult
men are obese and 3% are morbidly obese [2]. Obesity is also
reported to be associated with reproductive abnormalities,
which included hypogonadism [3], impaired sperm quality [4],
and diminished sexual quality of life [5].

Although behavioral and pharmacologic weight-loss therapies are
well-established, bariatric surgery has proven to be an effective
treatment strategy in treating obesity, and was associated with
improved quality of life and comorbidities [6]. Based on data
from the American Society of Metabolic and Bariatric Surgery,
approximately 19 600 bariatric surgeries were conducted in
2015 in the USA [7]. The most commonly conducted bariatric
surgical procedures are Roux-en-Y gastric bypass, sleeve gas-
trectomy, and laparoscopic adjustable gastric band [8].

There have been several investigations reporting abnormal-
ities in semen parameters associated with obesity [9], and a
higher risk of subfertility is demonstrated among couples in
which the male is obese [10]. Several hypotheses have also
been established to interpret the deleterious effects of obesity
on male fertility potential and seminal parameters, including
the abnormal release of reproductive hormones, sleep apnea,
and the abnormal adipose-derived hormone releases [10].
Although the impact of life modification, including diet and vi-
tamin supplementation, may be beneficial in weight loss and
restoring male fertility potential, there is still controversy re-
garding the effect of excess weight loss, especially via bariatric
surgeries, on male fertility and semen quality. Several studies
have been published to evaluate its clinical effect on male
fertility preservation and seminal parameters, but the results
were conflicting. Therefore, we performed the present study
using systematic evaluation and meta-analysis to provide a
more precise and comprehensive estimation of the effect of
bariatric surgery on male fertility restoration, while focusing
on conventional seminal parameters postoperatively.

Material and Methods

The preferred reporting items for systematic reviews and meta-
analysis (PRISMA) was applied to conduct the present meta-
analysis [11].

Literature search

We performed a literature search from database inception
before March 31, 2018 from Cochrane Library, PUBMED,
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EMBASE, MEDLINE, and CNKI databases. The keywords used
for searching were “bariatric surgery,” “semen,” “sperm”,
“obesity”, alone or with different combinations. The titles
and abstracts of articles were evaluated for possible enroll-
ment after acquiring the preliminary results. Then full-text ar-
ticles were evaluated for the final inclusion. A cited reference
search was also conducted from the eligible articles obtained
via the prior keyword search. Articles identified via the refer-
ence search were then assessed using the study selection cri-
teria for possible enrollment. The reference search was also
conducted on all newly obtained articles until no new articles
were identified. Two investigators (Yong Wei and Quanbing
Chen) conducted the screening process independently, and
any possible disagreement was resolved by discussion. The
patient, intervention, comparison, outcome (PICO) question
for this study is as follows: in males who underwent bariatric
surgeries (P), do the surgeries (1) affect semen quality (O) com-
pared with the baseline data (C)?

” o«

Inclusion criteria

Study design: Randomized controlled trials and non-random-
ized controlled trials, prospective or retrospective cohort and
case-control studies, case series comparing the seminal param-
eters after the bariatric and before surgeries were included in
our meta-analysis, with quantitative data available on related
outcome measures.

Type of participants: Male patients who underwent bariatric
surgeries (Roux-en-Y gastric bypass, sleeve gastrectomy, and
laparoscopic adjustable gastric band) were included in the
present study.

Type of interventions: Semen parameters for bariatric surgeries
postoperatively versus semen parameters preoperatively.

Type of outcome measures: Semen parameters including semen
volume, semen concentration, semen progressive motility, and
semen normal morphology.

Exclusion criteria: Studies with (1) incomplete data; (2) reviews,
animal experiments, comments, editorials, letters, and con-
gresses; (3) data not available.

Evidence quality assessment: Two reviewers (Yong Wei and
Quanbing Chen) applied the Newcastle-Ottawa Scale (NOS) [12]
independently to evaluate the article quality of the enrolled
studies. Studies with a quality score of more than 5 in the NOS
9-scale system were considered high quality.

Study enrollment and data extraction: Two individuals (Yong
Wei and Quanbing Chen) evaluated articles for possible enroll-
ment independently according to the inclusion and exclusion
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criteria and extracted the related article data, including study
design, year of publication, first author name, and related data
in the 2 approaches on outcome measures. Any discrepancy
was resolved by discussion between the 2 authors.

Statistical analysis

STATA software (version 12.0; Stata corporation, College Station,
TX, USA) was used to conduct the systematic review and meta-
analysis. Heterogeneity among the included studies was cal-
culated and defined as Q test or I? value. The heterogeneity
was considered non- significant if P>0.1 or 1> <40%. The fixed-
effects model was applied if there was no heterogeneity among
the studies; otherwise, we used the random-effects model. The
standardized mean difference (SMD) was calculated for out-
come measures. Publication bias was calculated using Begg's
funnel plots and Egger’s test. A value of “ Pry|z|”” less than 0.05
for Begg’s funnel plots or a value of “P>|t|” less than 0.05 for
Egger’s test was defined as positive publication bias. We pre-
defined subgroup analysis by study design and bariatric surgery
procedures. Sensitivity analysis was conducted by sequentially
omitting each individual study at a time to evaluate the effect
of each study on the pooled SMDs. We checked this meta-
analysis using the PRISMA 2009 Checklist.

Results

Characteristics of the included studies and evidence
quality assessment

Atotal of 104 published articles were acquired based on the pub-
lication search strategy. A total of 97 articles defined as reviews
or fundamental researches or unrelated publications were then
excluded. Based on the exclusion criteria, 1 study with insuffi-
cient data extracted was also excluded [13]. We were unable to
identify any additional studies after manually screening of the
reference lists of the included studies. In total, 6 publications
were included that fulfilled the inclusion criteria [14-19]. Of the
included studies, 3 were from Europe [14,15,18], 1 was from
Brazil [16], 1 was from the USA[17], and 1 was from Qatar [19].
The general information of these studies, as well as the differ-
ential study design and outcome measures among the included
studies are demonstrated in Table 1. The patient source of 2
studies was from obesity clinics [15,16], 3 studies were from infer-
tility clinics [14,18,19], and 1 was not available [17]. Four studies
were of prospective study design [15-17,19] and 2 studies were
case series [14,18]. All but 1 study [17] failed to report the power
calculation method. Of the 4 studies with prospective study
design, 2 had no control group [17,19]. Moreover, 2 studies failed
to report adequate outcome measures [14,18]. One study [14]
was grouped as low quality, and the 5 studies were grouped
as high-quality studies. The flow diagram is shown in Figure 1.
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Meta-analysis results
Semen volume

Four studies reporting semen volume were included in the meta-
analysis. The pooled SMD based on 3 studies demonstrated
that there was an evident increase (0.583 ml) in semen volume
after the gastric bypass surgery (after the surgery versus be-
fore the surgery, SMD (95%Cl)=0.583 (0.121-1.045), p=0.013),
yet it was not confirmed in the overall analysis and subgroup
sleeve gastrectomy (after the surgery vs. before the surgery,
overall SMD (95%Cl)=0.159 (-0.147-0.466), p=0.308, sleeve
gastrectomy, 1 study, SMD (95%Cl)=-0.174 (-0.583-0.236),
p=0.406). All included studies reporting semen volume were
prospective (after the surgery vs. before the surgery, overall
SMD (95%Cl)=0.159 (-0.147-0.466), p=0.308). The heteroge-
neity in the gastric subgroup (I-squared ranged 57.1%) was rel-
atively lower than the overall heterogeneity (I-squared 71.3%),
revealing the surgical method partly explained the source of
heterogeneity (Figure 2A, 2B, and Table 2).

Semen concentration

In the analysis of the 6included articles evaluating the possible
seminal concentration improvement after the bariatric surgery,
the overall and subgroup SMDS indicated that seminal con-
centration remained unchanged after the bariatric surgery
(overall, SMD (95%Cl)=—0.123 (-0.418-0.173), p=0.416), which
showed a similar trend in the subgroup analysis by study de-
sign and bariatric surgery methods (prospective study, SMD
(95%Cl)=-0.098 (-0.400-0.204), p=0.524; case series, SMD
(95%Cl)=-0.642 (~2.036-0.751), p=0.366; gastric bypass, SMD
(95%Cl)=—-0.100 (-0.524-0.342), p=0.659; sleeve gastrectomy,
SMD (95%Cl)=-0.141 (-0.538-0.255) (Figure 2C, 2D, and
Table 2). Moreover, the heterogeneity examination showed rel-
ative homogeneity among the studies, both in the overall and
subgroup analysis (1> ranged from 0.0% to 28.1%).

Semen progressive motility

Pooled analyses were also performed in the enrolled articles
with the evaluation of seminal progressive motility. Pooled
analysis of the 4 prospective studies showed that no het-
erogeneity existed (I-squared 0.0%) and indicated that there
was no statistical increase in semen progressive motility
after the bariatric surgery intervention (SMD (95%Cl)=0.179
(—0.123-0.481), p=0.244). A similar trend was also ob-
served in the overall and case series subgroup (overall SMD
(95%Cl)=0.148 (-0.148-0.444), p=0.328, case series subgroup,
SMD (95%Cl)=-0.638 (-2.141-0.865), p=0.406); nevertheless,
a moderate heterogeneity was observed in the case series
subgroup (I-squared 60.3%). No association was observed
between bariatric surgery and seminal progressive motility
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Table 1. The essential information of selected studies.

Author Bariatric Quality
. .. Study Country Patient Fertility Follow-up Sample Outcome T score/
(publication . . . surgery . limitations
o) design or region source status duration e size reported total
score
Samavat Prospective Italy Obese  26% of the 6 gastric 23 Sperm motility, No power 7/9
(2017) case- control clinic  patients months bypass morphology,  calculation
study had normal number,
seminal volume, DNA
analysis fragmentation
and
interlekin-8
Reis Prospective  Brazil Obese  Only 24 Gastric 10 Semen volume, No power 7/9
(2012) case- control clinic  percentage  months bypass PH, motility, calculation,
study of the concentration,
patients leukocytes,
had normal vitality, normal
seminal morphology
analysis
Lazaros Case series  Greece |Infertility Wife One Gastric 2 Semen No power 5/9
(2012) clinic  previously patient bypass concentration, calculation,
pregnant 24 motility, normal outcome
with assisted months, morphology, = measures
reproductive one percentage not enough
technology  patient of mature
12 month spermatozoa
Bardisi Prospective  Qatar Infertility Azoospermia, 12 Sleeve 46  Semen volume, No power 5/9
(2016) cohort study clinic  oligospermia, months gastrectomy concentration, calculation,
normal motility, normal odds
semen morphology ratio not
provided,
no control
group
designed
Sermondade  Case series  France Infertility One patient One Sleeve 3 Semen No power 4/9
(2012) clinic  terato- patient gastrectomy concentration, calculation,
zoospermia, 24 motility, normal outcome
2 patients months, morphology, = measures
oligoasthe- one assisted not enough
noterato- patient reproductive
zoospermia 15 treatment
months,
one
patient
6 months
Legro Prospective USA Not Only 12 months  Gastric 6  Semen volume, odds 6/9
(2015) cohort study available percentage bypass concentration, ratio not
of the motility, normal provided,
patients morphology no control
had normal group
seminal designed
analysis
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Extended Table 1.

Author Semen

(publication analysis
year) criteria

Samavat 4t WHO

(2017) edition of
laboratory
manual
for
human
semen

Reis 4t WHO

(2012) edition of
laboratory
manual
for
human

Lazaros 4t WHO

(2012) edition of
laboratory
manual
for
human

Bardisi 4t WHO

(2016) edition of
laboratory
manual
for
human

Sermondade Not
(2012) available

Legro Not
(2015) available
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If physical

Number . Number activity or .

of semen Time to of semen pharmacologic If
Motility and . Period seminal . Posto- or diet weight inflamm-

specimens o specimens . s
morphology of Initial BMI analyses perative loss therapies atory
. analyzed . analyzed
evaluation . abstinence after the BMI performed  markers
or to after the .
surger surgery _ oer besides analyzed
gery gery bariatric
surgery
Motility Once Not 45.8+7.4 6 Once 34.7£5.3 No Interle-
using optical available months ukin-8 in
microscopy seminal
checking, plasma
morphology showed a
checking decrease
after Diff- after the
Quick surgery
staining
Not available Once  2-3 days 55.7+7.8 24 Once 31.0+5.3 Physical No
months activity and
low energy diet

Motility not ~ Twice  2-3 days One patient  One Twice  One patient No No
available, 40.1, patient 26.2, one
morphology one 38.2 24 months, 29.4
checking one patient
after 12 month
Papanicolaou
staining
Not available Once  3-5 days 71.4 12 months  Once 46.9 No No
(42.9-96.2) (32.2-76.9)
Not available  Not Not One 65.7, One Not One 33.4, No No
available available one 53.5, patient  available one 30.4,
one 38.6 24 months, one 27.5

one patient

15 months,

one patient

6 months
Motility not Once 2-7 days 48+7 12 Once 3247 No No
available, months
morphology
checking
after
Spermac
staining
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104 records identified through
database searching

97 articles were excluded with
reasons: reviews of fundamental
research

7 potential articles retrieved
for analysis

1 study with insuficient data
were ruled out

6 articles included in the
meta-analysis

Figure 1. The flow gram of the identification and selection of the
studies.

improvement in the pooled analyses (gastric bypass subgroup,
SMD (95%Cl)=0.141 (-0.304-0.585), p=0.535, sleeve gastrec-
tomy subgroup, SMD (95%Cl)=0.153 (-0.244-0.550), p=0.449)
(Figure 2E, 2F, and Table 2).

Semen normal morphology

In the pooled analysis of semen normal morphology, the meta-
analysis based on the studies of prospective study design and
sleeve gastrectomy subgroup revealed that there was a signif-
icant increase in semen normal morphology after the surgery
(prospective study, SMD (95%Cl)=0.385 (0.074-0.697), p=0.015,
sleeve gastrectomy, SMD (95%Cl)=0.880 (0.465-1.296),
p=0.000, overall, SMD (95%Cl)=0.372 (0.068-1677), p=0.017).
However, this trend was not observed in other subgroup
analyses (case series, SMD (95%Cl)=0.088 (-1.371-1.546),
p=0.906, gastric bypass, SMD (95%Cl)=—0.219 (-0.668-0.229),
p=0.338). Furthermore, a relatively high heterogeneity also
existed among the studies (I-squared from 0.0% to 82.4%)
(Figure 2G, 2H, and Table 2).

Assessment of publication bias and sensitivity analyses

Sensitivity analyses was conducted to determine the influence
of any individual study on the overall estimate, and no signifi-
cant changes occurred on the corresponding SMDs. Additionally,
Begg’s funnel plots and Egger’s test revealed no publica-
tion bias (Begg’s funnel plots: semen volume, Pr>|z|=0.734;
semen concentration, Pr>|z|=0.707; semen progressive motility,
Pr>|z|=0.260; semen normal morphology, Pr>|z|=0.452; Egger’s
test: semen volume, P>|t|=0.475; semen concentration,
P>|t|=0.865; semen progressive motility, P>|t|=0.071; semen
normal morphology, P>|t|=0.071=0.278) (Table 1).
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Discussion

Bariatric surgery, including gastric bypass and sleeve
gastrectomy, is an effective method to achieve weight loss.
The purpose of the present study was to evaluate the in-
fluence of the operation on improving seminal parameters.
Bariatric surgery is highly successful in inducing weight loss
and treating morbid obesity, but only a few small studies have
investigated the possible beneficial effect of bariatric surgery
on male fertility and seminal parameters, and the results were
controversial. Thus, we performed this quantitative analysis
based on a meta-analysis to pool the limited studies for a more
comprehensive pooled estimation.

In women, the effects of obesity on reproductive function are
readily evident and extensively studied. On the contrary, the
possible negative effects of obesity on reproductive function in
males have been relatively less studied. The biologic basis for
the association between weight loss and changes in sperm pa-
rameters is likely multifactorial, and different hypotheses have
been proposed established. First, the hormonal changes asso-
ciated with obesity likely play an important role. The hormonal
profile in obese males is often characterized by decreased tes-
tosterone levels and increased estrogen levels. The increased
estrogen levels act on the hypothalamus, negatively affecting
the release of gonadotrophin-releasing hormone (GnRH) and
gonadotrophin (FSH and LH) at the pituitary level, which re-
sults in the reduction of testosterone and reduced testicular
function. In addition, excess estrogen has a direct deleterious
effect on spermatogenesis [20]. Second, several environmental
toxic substances and liposoluble endocrine disruptors present
a preferential accumulation in the fatty tissue, thus impairing
male fertility potential [21]. The increased testicular local heat
associated with obesity can severely affect sperm production,
and altered sexual health and genetic abnormalities also seem
to play a role [22]. Of the 6 enrolled studies, only a percentage
of the surgical patients had a normal baseline seminal analysis,
which further indicates the possible negative effect of obesity
on male fertility.

Between 1990 and 2000, the US national annual rate of bar-
iatric surgical interventions increased 6-fold, from about 2.4 to
14.1 per 100 000 adults [23]. Accumulating evidence suggests
that patients with a preoperative BMI of 40 kg/m? are expected
to lose 20 to 40 kg within 2 years after bariatric surgery and
maintain their reduced weight for up to 10 years [24]. In China,
approximately 7800 patients that underwent bariatric surgeries
were reported from 2001 to 2015, mostly in the most recent
5 years. Although bariatric surgery is still at an early stage, it
is now experiencing explosive growth in China [25]. Thus, the
possible effect of bariatric surgeries on semen quality and male
fertility is of clinical importance, but the results in the litera-
ture are inconsistent; therefore, the present meta-analysis was
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A Study ID SMD (95%Cl) % weight Study ID SMD (95%Cl) % weight
Prospective study Gastric bypass :
Samavat (2017) = 0.44 (-0.14,1.03) Samavat (2017) T 0.44(-0.14,1.03)  27.39
Reis (2012) ————1.50(0.50, 2.50) Reis (2012) * 1.50(0.50, 2.50) 9.31
Bardisi (2016) —a -0.17 (-0.58,0.24) Legro (2015) -0.06 (-1.19,1.07) 733
Legro (2015) —0.06(-1.19,1.07) Subtotal (I-squared=57.1%, p=0.097) <> 0.58(0.12,1.04)  44.02
Subtotal (I- d=71.3%, p=0.015) 0.16 (-0.15,0.47 100.00
ubtotal (-square P A g ( ) Sleeve gastrectomy
. Bardisi (2016) —&r -0.17(-0.58,0.24)  55.98
Heterogeneity between group: p=. Subtotal 4= %, p=) <P 017 (-056,024) 5598
Overall (isquared=71.3%, p=0015) <> 0.16(~0.15,047) 10000 ubtotal {-squared=.7%, p=. —HE080. :
Heterogeneity between groups: p=0.016 | |
T T Overall (I-squared=71.3%, p=0.015) 0.16(=0.15,0.47)  100.00
=25 0 25
T T
=25 0 25
Study ID SMD (95% CI) % weight Study ID SMD (95% CI) % weight
Prospective study Gastric bypass i
Samavat (2017) -0.34(-0.92,0.25) 5.70 Samavat (2017) -0.34(-0.92,0.25) 25.70
Reis (2012) 0.40 (-0.48,1.29) 11.08 Reis (2012) ! 0.40 (-0.48,1.29) 11.08
Bardisi (2016) —0.14(-0.55,0.27) 2.02 Lazaros (2012) -2.05(-4.85,0.76) m
Legro (2015) 0.29(-0.85,1.43) 6.72 Legro (2015) 0.29(-0.86,1.43) 6.72
Subtotal (I-squared=0.0%, p=0.502) -0.10(-0.40, 0.20) 5.51 Subtotal (I-squared=28.1%, p=0.243) P> -0.10(~0.54,0.34) 44.60
(Case series Sleeve gastrectomy
Lazaros 2012) ~ ———————  -0.20(-465076) 1 Bardisi (2016) J ~0.14(-0.55,0.27) 5202
Semondade (2012) ——— ~018(-170,1.42) 138 Semondade (2012) —— —0.18(-179,142) 338
Subtotal (I-squared=21.9%, p=02841_ = ~0.64(-2.04,075) 149 Subtotal (I-squared=0.0%, p=0959) <P —0.14(-0.54,0.26) 54.40
Heterogeneity between group: p=0.454 Heterogenei .
- . geneity between groups: p=0.891
Overall(I-squared=0.0%, p=0.522) -012(-042,017) 10000 Overall(-squared=0.0%,p=0522) < S012(-042,017) 10000
T T T T
—4.85 0 4.85 485 0 485
E Study ID SMD (95% Cl) % weight Study ID SMD (95% Cl) 9% weight F
Prospective study Gastric bypass i
Samavat (2017) 0.33(~0.26,0.91) 25.86 Samavat (2017) 0.33(-0.26,0.91) 25.86
Reis (2012) -0.23(-1.11,0.65) 1132 Reis (2012) J -0.23(-1.11,0.85) 132
Bardisi (2016) 0.17(-0.23,0.58) 5223 Lazaros (2012) i —3.88(-8.16,0.40) 0.48
Legro (2015) 0.34(-0.80, 1.48) 6.72 Legro (2015) 0.34(-0.90, 1.48) 6.72
Subtotal (I-squared=0.0%, p=0.765) 0.18(-0.12,0.48) 96.12 Subtotal (I-squared=34.5%, p=0.205) ¢ 0.14(-0.30,0.58) 4437
(Case series Sleeve gastrectomy
lazaros 2012) ———————  -3.88(-816,040) 0.48 Bardisi (2016) _! 0.17(-0.23,0.58) 5223
Semondade (2012) —=—  —0.18(-1.79,1.42) 8.40 Semondade (2012) ~0.18(~1.79,1.42) 3.40
Subtotal (I-squared=60.3%, p=0.113}__T~> —0.64(-2.14,0.87) 6.86 Subtotal (I-squared=0.0%, p=0.673) 0.15(0.24,0.55) 55.63
Heterogeneity between group: p=0.296 Heterogenei o
- o geneity between groups: p=0.967
Overall (I-squared=0.0%, p=0.446) 0.15(=0.15, 0.44) 100.00 Overall(1-squared=0.0%, p=0.446) 015 (<015, 0.44) 100.00
-8.16 0 8.16 -8.16 0 8.16
G Study ID SMD (95%Cl) % weight Study ID SMD (95% Cl) % weight H
Prospective study : Gastric bypass
Samavat (2017) = ~055(1.14,004) 2676 Samavat (2017) -055(-1.14,004) 2678
Reis (2012) 0.53(-0.09, 1.75) 11.04 Reis (2012) 0.82(-0.09, 1.75) 11.04
Bardisi (2016) 0.88(0.45,1.31) 50.65 Lazaros (2012) + -2.01(-1.79,0.77) 1.20
Legro (2015) —i— —0.31(-1.45,0.83) 7.6 Legro (2015) f -0.31(-0.87,0.43) 7.16
Subtotal (I-squared=82.4%, p=0.001) @ 0.39(0.07,0.70)  95.63 Subtotal (I-squared=61.7%, p=0.050)€>§ —0.22(-0.87,0.25) 46.19
Case series : Sleeve gastrectomy :
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Figure 2. Forest plots for the effect of bariatric surgery on semen parameters. (A) semen volume (subgroup study design); (B) semen
volume (subgroup surgical procedures); (C) semen concentration (subgroup study design); (D) semen concentration
(subgroup surgical procedures); (E) semen progressive motility (subgroup study design); (F) semen progressive motility
(subgroup surgical procedures); (G) semen normal morphology (subgroup study design); (H) semen normal morphology
(subgroup surgical procedures).
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Table 2. Main results of the meta-analysis.

Subgroup 12 (%) SMD (95%Cl) P value Begg (Pr>|z|) Egger (P>]t])
Prospective study 71.3% (—0.1(4)1'71—5(?.466) 0.308
Casesees -~
semenvoure DB T i 0% ome owm
oy . cosomg O
Overall 71.3% (—0.1(4)1'71—509.466) 0.308
Prospective study 0.0% (_0';86225';204) 0.524
Case series 21.9% (_2.(;;):_‘3751) 0.366
ncenton | CORE%oseoyy 080 o7 o
oy O™ oz 0%
Overall 0.0% Coats-0173 0416
Prospective study 0.0% (—0.12.31—7(?.481) 0.244
Case series 60.3% (—2.1_4(1).16—3)5?865) 0.406
e Geopss s (oS, o o oo
e = R
Overall 0.0% (_0.12';f:444) 0.328
Prospective study 82.4% (0.0;);13—2(;)?697) 0.015
Case series 66.9% (_1.33';)5;18.546) 0.906
moomgy | CSEOPIS 7% oropg 0¥ e oo
oy O™ owimg
Overall 75.3% (0.025—3)?677) 0.017

performed. Although the final positive impact is expected, some
negative consequences of bariatric procedures on male fertility
were also highlighted in anecdotal reports. A series of 6 pa-
tients were reported to experiencing azoospermia, presenting
secondary infertility after Roux-en-Y gastric bypass interven-
tions [13]. Another series of 3 cases reported a worsening
of semen parameters after the bariatric surgery, including

This work is licensed under Creative Common Attribution-
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oligoasthenoteratozoospermia [14]. The negative effect of
weight loss from bariatric surgery and impairment of semen pa-
rameters is likely multifactorial, and several explanations have
been proposed. A popular hypothesis is that the rapid weight
loss secondary to bariatric surgery, especially for Roux-en-Y
gastric bypass, may lead to a relative under-nutrition status,
with deficiencies of iron, calcium, and vitamins B1, B9, and B12,
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which causes diverse deficiencies in spermatogenesis after the
bariatric surgery, although vitamin and mineral supplementa-
tion is recommended after bariatric surgery [26]. Additionally,
the surgery could possibly cause the release of toxic and lipo-
soluble substances in the fatty tissue after the surgery, leading
to impaired spermatogenesis [27]. The rapid weight loss could
also interrupt the normal gonadotrophin-releasing hormone se-
cretion and cause reproductive disorders [28]. In the present
meta-analysis, the main outcome measures, including semen
progressive motility and semen concentration, remained un-
altered after the bariatric interventions, both in the overall
and subgroup analysis stratified by study design and surgical
methods. Semen normal morphology showed a slight but sta-
tistically significant increase after sleeve gastrectomy, but this
was not observed after gastric bypass surgery. Nevertheless,
owing to the high variability of sperm morphologic criteria in
different hospitals and the relative sample size of sleeve gas-
trectomy (2 studies, 49 participants) and the high heterogeneity
among the included studies, the positive effect of bariatric
surgery on sperm normal morphology was not confirmed and
needs further investigation.

In a meta-analysis consisting of 24 retrieved studies, bariatric
surgery was associated with an 8.7 increase in total testos-
terone levels, a decrease in estradiol, and an increase in go-
nadotropins [29]. In our 6 enrolled studies, the 4 prospective
studies reported an increase in total testosterone level and a
decrease in estradiol level, suggesting a causal relationship be-
tween bariatric surgery and hormonal profile normalization.
However, we found that semen quality does not change with
bariatric surgical procedures. This is in contrast to the hormonal
profile normalization, suggesting that a developmental block
of spermatogenesis occurred at a point not related to the re-
lease of sex hormones in the testis. However, the conclusion
that bariatric surgery is unable to reverse semen quality could
also partially be interpreted as the inner shortcomings of the
present meta-analysis, which are related to the different study
designs and methods. Extended Table 1 summarizes the dif-
ferences among the included studies that could possibly af-
fect the outcome measures, including baseline BMI, time to
perform seminal analysis after the surgery, and postoperative
BMI, as well as whether physical activity or pharmacological
or diet weight loss therapies performed after the bariatric
surgery. The level of baseline BMI is positively correlated with
the severity of the reproductive and seminal parameters im-
pairment, and this was further evidenced by the fact that only
a percentage of the surgical patients had a normal baseline
seminal analysis. The gap and difference of baseline BMI asso-
ciated with possible selection bias could possibly partially in-
terpret the heterogeneity source among the included studies.
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Regular physical activity, on the other hand, can improve semen
quality in obese males [30]. The heterogeneity in study design
further weakened the findings of the present meta-analysis.
Thus, the homogeneity of study design, including BMI, and
other cofactors that may interfere with the seminal parame-
ters among the differential studies in pooled analysis should
be addressed in future studies. The present studies included
the results selected for semen parameters before and after
the surgery, and there was no comparison with another pa-
tient who underwent another intervention. Moreover, another
possible bias is the relatively small sample size and the differ-
ences in study design and length of follow-up among the in-
cluded studies. The present study fails to provide a direct link
between bariatric surgery and other sperm features, including
number of spermatozoa and sperm DNA fragmentation index,
and change in capacity to impregnate a woman either in a
natural process or in an assisted reproductive program. For
infertile couples in which the male is obese that seek medical
advice in an infertility clinic, the primary concern is the pos-
sible improvement of chances of pregnancy associated with
bariatric surgery, when compared to the improvement of sem-
inal parameters. Thus, the results of the present meta-analysis
should be interpreted with caution and studies with better
study design and high-quality studies, like RCTs, with larger
sample size and more outcome measures involved, including
conventional and unconventional semen parameters, are war-
ranted for a more precise estimation.

The main advantages of our meta-analysis are the following.
First, this was the first systematic review and meta-analysis
to evaluate seminal response after bariatric surgery. Second,
we performed stratified analyses by study design and surgical
methods, which partially explains the source of this heteroge-
neity among the studies. Third, we performed Begg’s funnel
plots and Egger’s test to evaluate the publication bias, which
offers a better understanding of the current status of studies
in this field. Thus, we consider the results of the present meta-
analyses to be reliable.

Conclusions

In summary, the present meta-analysis indicates that the
effect of bariatric surgery on semen quality remains unclear.
Better studies regarding this topic are warranted to further
elucidate this issue.
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