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Abstract

Background: This study aimed to determine how elevated male body mass index
(BMI) influences semen characteristics, embryo quality during in vitro fertilization-
embryo transfer (IVF-ET), and subsequent reproductive outcomes in infertile couples.
Methods: We retrospectively collected and analyzed clinical records from all couples
who underwent IVF-ET at our center between January 2022 and September 2025. The
study included couples infertile for one year with normal karyotypes and excluded those
using donor sperm, with major lifestyle/medical issues, or specific male reproductive
disorders. Based on BMI classification standards for Chinese adults, participants were
divided into a group of normally weight, overweight, and obese men. A total of
243 TVE-ET cycles (81 randomly selected per BMI group) were analyzed for semen
parameters, embryo quality, and clinical outcomes; group differences were assessed
using the Kruskal-Wallis (H statistic) for continuous data vs. 2 tests for categorical
outcomes. Results: It was only observed that significant differences were identified in
male sperm progressive motility (H=7.203, p = 0.027), total sperm motility (H=8.173,
p = 0.017) among the three BMI groups (p < 0.05). It was observed that significant
differences were identified in miscarriage rate (x? = 11.383, p = 0.003), live birth rate
(x? = 6.045, p = 0.049) among the three BMI groups (p < 0.05). Conclusions: These
findings indicate that increased male BMI has a detrimental effect on sperm progressive
motility and may adversely influence the clinical outcomes of assisted reproductive

treatment.
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1. Introduction

In recent decades, infertility has remained a major public
health concern worldwide [1]. It is estimated that approxi-
mately 10%—15% of couples of reproductive age have trouble
achieving conception, with male factors accounting for nearly
40% of these cases [2]. In parallel, the global rise in obesity
has raised increasing concerns about its impact on human
fertility [3], as reports indicate that obesity affects up to 20%
of couples of childbearing age and that approximately 15% of
infertility cases can be attributed, either directly or indirectly,
to excessive body weight [4-6].

It is well known that overweight and obesity increase the
risk of metabolic and cardiovascular complications such
as hypertension, dyslipidemia and type 2 diabetes, and
accumulating evidence indicates that they also adversely
affect paternal reproductive health by altering endocrine
hormones and other physiological mechanisms [7]. The
potential pathways involved may include dysregulation
of the hypothalamic-pituitary-gonadal (HPG) axis and
impaired testicular thermoregulation, which together can

lead to reduced serum concentrations of sex hormone-
binding globulin, inhibin B, and androgens, accompanied
by elevated estradiol levels [8]. In addition, obesity-related
metabolic disorders and obstructive sleep apnea syndrome
may indirectly aggravate oxidative stress, promote sperm
DNA fragmentation, and result in reproductive dysfunction
[9]. Body mass index (BMI) is widely used as a simple and
practical indicator for assessing the degree of obesity, and,
according to the most recent BMI classification standards for
Chinese adults, normal weight, overweight, and obesity are
defined as 18.5 < BMI < 24.0 kg/m?, 24.0 < BMI < 28.0
kg/m?, and BMI >28.0 kg/m?, respectively [10]. In recent
years, there has been growing interest in the relationship
between male BMI and fertility; however, research findings
regarding the association between male BMI and conventional
sperm parameters remain highly variable, and only a limited
number of studies have examined the impact of male BMI
on assisted reproductive outcomes, with some even reporting
contradictory conclusions [11]. This present study aims to
provide more specific evidence on the influence of paternal
BMI on fertility and Assisted Reproductive Technology
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(ART, a medical technique designed to assist couples who
are unable to conceive naturally in achieving pregnancy)
outcomes, to inform clinical decision-making, particularly
in relation to preconception counseling and individualized
weight management strategies for men undergoing ART.
Given these mechanisms, we hypothesised that male BMI
would impair sperm motility and IVF success.

2. Subjects and methods

2.1 Participants and grouping

This study retrospectively reviewed the clinical records of
all patients who underwent IVF-ET treatment at our hospital
between January 2022 and September 2025. Inclusion criteria
for participant selection were predefined in order to enhance
the validity and reliability of the study findings. Couples who
failed to conceive with unprotected intercourse for one year or
longer. All male and female partners were required to have a
normal karyotype as confirmed by chromosomal analysis.

Couples were excluded if they met any of the following
conditions: (1) use of donor sperm; (2) Excessive smok-
ing and alcohol consumption, diabetes, malignant diseases
treated with radiation and/or chemotherapy; (3) male partners
with anti-sperm antibodies, Y-chromosome microdeletions in
the azoospermia factor region, testicular or epididymal in-
flammation, varicocele, a history of juvenile mumps or cryp-
torchidism. According to the most recent BMI classification
standards for Chinese adults [10], male partners were divided
into three BMI categories: normal weight (18.5 < BMI <
24.0 kg/m?), overweight (24.0 < BMI < 28.0 kg/m?), and
obese (BMI >28.0 kg/m?). After application of these inclusion
and exclusion criteria, a total of 243 IVF-ET treatment cycles
(81 cases randomly selected in each group) were included in
the final analysis. All relevant clinical information data were
extracted from the original case records of IVF patients through
the principles of double data entry and independent review.
All analyses were conducted by trained technicians who were
unaware of patient groupings, thereby minimising observer
bias.

2.2 Semen collection

Participants were instructed to abstain from ejaculation for 2—7
days before sample collection. Semen samples were obtained
by masturbation into sterile containers and placed in a 37 °C
incubator for liquefaction, during which the liquefaction time
was recorded. After liquefaction, the samples were processed,
1 mL semen was aspirated with sterile pipettes for laboratory
analysis.

2.3 Semen quality assessment

Following liquefaction, semen volume and pH were measured,
and standard semen parameters, including sperm concentra-
tion, progressive motility, total motility, and overall sperm
count, were analyzed using a Beijing Suijia Automated Se-
men Analyzer (SSA-II, Shenzhen Qianye Technology Co.,
Ltd, Shenzhen, Guangdong, China). All examinations were
performed in accordance with the World Health Organization
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(WHO) Laboratory Manual for the Examination and Process-
ing of Human Semen (2010 edition) [12].

2.4 Sperm morphology evaluation

Sperm morphology was assessed using Papanicolaou staining,
with test kits supplied by Zhuhai Beisuo Biotechnology Co.,
Ltd. All procedures strictly followed the semen analysis crite-
ria outlined in the WHO 2010 guidelines [12].

2.5 Sperm DNA fragmentation analysis

DNA fragmentation in spermatozoa was assessed using the
sperm chromatin dispersion (SCD) assay, with detection kits
purchased from Anhui Anke Biotechnology Co., Ltd. Accord-
ing to the assay criteria, spermatozoa without a halo, or with a
halo measuring less than one-third of the sperm head diameter,
were classified as DNA-fragmented.

2.6 IVF procedures, embryo development,
and transfer

Oocyte fertilization was initiated approximately 39 hours af-
ter administration of human chorionic gonadotropin (HCG),
and the expulsion of the second polar body was assessed 4
hours later. Pronuclear formation and fertilization status were
evaluated the following morning, and embryos exhibiting two
pronuclei (2PN) were considered normally fertilized. Em-
bryonic development was monitored on days 2, 3, 5, and 6,
with culture extended to day 5 or 6 when necessary. Em-
bryo grading followed the Assisted Reproductive Technology
Guidelines for cleavage-stage embryos and blastocysts.
During either fresh transfer cycles or frozen-thawed transfer
cycles, one or two morphologically high-quality embryos were
selected for transfer according to the clinical condition of each
patient. Biochemical pregnancy was determined by serum -
HCG measurement 14 days after embryo transfer, whereas
clinical pregnancy was confirmed by the presence of a gesta-
tional sac on ultrasound examination 28 days after transfer.

2.7 IVF outcome calculations

The following indices were calculated:

Second meiotic division (MII) oocyte rate =
oocytes/total retrieved oocytes) x 100%;

Normal fertilization rate = (2PN oocytes/total retrieved
oocytes) x 100%;

Normal cleavage rate = (2PN cleaved oocytes/2PN fertilized
oocytes) x 100%;

Day 3 high-quality embryo rate = (number of high-quality
D3 embryos/total 2PN cleaved embryos) x 100%;

Transplantable embryo rate = (transplantable embryos/total
cleaved embryos) x 100%;

High-quality blastocyst rate = (high-quality blastocysts/total
blastocysts cultured) x 100%;

Blastocyst formation rate = (blastocysts formed/total
cleavage-stage embryos cultured) x 100%;

Biochemical  pregnancy  rate =
pregnancies/embryo transfer cycles) x 100%;

Clinical pregnancy rate = (clinical pregnancies/embryo
transfer cycles) x 100%;

(MII

(biochemical
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Implantation rate = (gestational sacs/embryos transferred) x
100%;

Miscarriage rate = (miscarriages/clinical pregnancies) X
100%;

Live birth rate = (live births/embryo transfer cycles) X
100%.

2.8 Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
22.0 version 25 (IBM Corp., Armonk, NY, USA). Continuous
variables were evaluated for normality utilizing the Shapiro-
Wilk test and assessed for homogeneity of variance through
Levene’s test. Continuous variates are presented as median
(interquartile range), categorical variables are shown as the
number (percentage), and the proportions are presented as rate
(n/N). due to the non-normality, Kruskal-Wallis test was used
to compare continuous variates. The chi-square test was used
to compare categorical variables. When the overall test is sig-
nificant, pairwise comparisons undergo Bonferroni correction.
Correlation analysis was performed by the Spearman method.
p < 0.05 was considered statistically significant, and p < 0.01
was considered extremely significant.

3. Results

3.1 Comparison of semen parameters
among groups

In total, 243 couples were included in the study. There were
81 normal-weight male with a median BMI of 21.60 kg/m?,

81 overweight male with a median BMI of 25.60 kg/m?, and
81 obese male patients with a median BMI of 29.40 kg/m?.
The results of semen parameter analysis following Kruskal-
Wallis test are presented in Table |. It was observed that
no significant differences were found in semen volume (H
= 1.871, p = 0.392), sperm concentration (H = 1.806, p =
0.405), total sperm count (H = 2.429, p = 0.297), normal
morphology (H=0.321, p=0.852), sperm DNA fragmentation
(H = 5.835, p = 0.054) among the three BMI groups (p >
0.05). While significant differences were identified in male
sperm progressive motility (H=7.203, p = 0.027), total sperm
motility (H = 8.173, p = 0.017) among the three BMI groups
(p < 0.05). When the overall Kruskal-Wallis test is significant,
further pairwise comparisons employing Bonferroni correction
revealed significant differences in the percentage of sperm with
progressive motility (obese group 39.10% (30.90%, 48.00%)
vs. normal group 45.50% (34.30%, 54.50%), p = 0.013) and
total sperm motility (obese group 53.00% (45.20%, 62.90%)
vs. normal group 61.20% (49.50%, 73.00%), p = 0.010)
between the obese and normal groups (adjusted p < 0.0167).

3.2 Association of male BMI with semen
parameters

Correlation analysis between male BMI and semen parameters
showed no meaningful associations (Table 2), as all correlation
coefficients were weak and did not reach statistical signifi-
cance. Specifically, the correlations were as follows: semen
volume (r = —0.052, p = 0.420), sperm concentration (» =
0.057, p = 0.381), progressive motility (» = 0.053, p = 0.415),
total motility (» = 0.023, p = 0.716), total sperm count (r =

TABLE 1. Comparison of semen quality parameters in each group.

Normal group Overweight group Obesity group

Group (n = 81) median (n = 81) median (n = 81) median H P

(1st, 3rd) quartiles (1st, 3rd) quartiles (1st, 3rd) quartiles
Male BMI (numbers) 21.60 (20.70, 22.95) 25.60 (24.65, 26.35)* 29.40 (28.40,31.00)%®  215.187 <0.001**
Female age (yr) 32.00 (28.00, 36.00) 33.00 (29.50, 33.00) 33.00 (29.50, 36.50) 2.041 0.360
Male age (yr) 34.00 (31.00, 37.00) 34.00 (32.00, 37.50) 34.00 (31.00, 38.00) 0.255 0.880
Semen volume (mL) 3.00 (2.35, 3.55) 3.00 (2.15, 3.70) 2.50 (2.00, 3.45) 1.871 0.392
Sperm concentration  109.20 (67.15,203.15)  132.70 (74.65,222.15)  130.80 (68.35, 197.15) 1.806 0.405
(x105/mL)
Sperm progressive 45.50 (34.30, 54.50) 41.40 (29.80, 50.20) 39.10 (30.90, 48.00)* 7.203 0.027*
motility (%)
Total sperm motility (%) 61.20 (49.50, 73.00) 56.40 (46.45, 70.75) 53.00 (45.20, 62.90)* 8.173 0.017*
Total sperm  count 337.90 (174.55, 582.35) 370.70 (233.60, 617.85) 315.00 (185.05, 577.05)  2.429 0.297
(x10%)
Normal morphology (%) 5.00 (3.00, 6.00) 5.00 (3.70, 7.00) 5.00 (3.00, 6.00) 0.321 0.852
Sperm DFI (%) 8.00 (6.00, 12.00) 9.00 (7.00, 13.00) 8.00 (6.00, 12.00) 5.835 0.054
Oocytes retrieved (num- 11.00 (8.00, 18.00) 12.00 (7.00, 17.00) 11.00 (7.00, 16.00) 2212 0.331
bers)

BMI: body mass index, DFI: DNA Fragmentation Index. Continuous variates are presented as median (interquartile range) due
to the non-normality. *p < 0.05, **p < 0.01. *: indicates a statistically significant difference compared with the normal group.

ab.

: indicates a statistically significant difference compared with the overweight group. When the overall Kruskal-Wallis test is

significant, pairwise comparisons undergo Bonferroni correction.



0.030, p = 0.641), normal morphology (r = 0.070, p = 0.279),
and DNA fragmentation index (» = —0.041, p = 0.524).

TABLE 2. Correlation between male BMI and semen

parameters.

Variables r P

Semen volume (mL) -0.052 0.420
Sperm concentration (x10%/mL)  0.057  0.381
Progressive sperm motility (%) 0.053 0.415
Total sperm motility (%) 0.023  0.716
Total sperm count (x 10%) 0.030  0.641
Normal morphology (%) 0.070  0.279
Sperm DNA fragmentation rate ~ —0.041  0.524

3.3 Comparison of IVF-ET outcomes across
groups

The results of IVF-ET outcome analysis following the chi-
square test are presented in Table 3. No significant variations
were observed among the three BMI groups in the MII oocyte
rate (x? = 0.341, p = 0.843), normal fertilization rate (y? =
0.852, p = 0.653), cleavage rate (x2 = 4.280, p = 0.118), trans-
plantable embryo rate (x2 = 0.786, p = 0.675), high-quality
embryo rate (x? = 3.984, p = 0.136), blastocyst formation
(x? = 1.535, p = 0.464), high-quality blastocyst rate (x> =
1.915, p = 0.384), implantation (x? = 1.358, p = 0.507), HCG
positivity (x? = 0.424, p = 0.809), clinical pregnancy (x? =
1.912, p = 0.384) (p > 0.05). While significant differences
were identified in miscarriage rate (x2 = 11.383, p = 0.003),
live birth rate (x? = 6.045, p = 0.049) among the three BMI
groups (p < 0.05). when the chi-square test is significant,
further pairwise comparisons employing Bonferroni correc-
tion revealed significant differences in miscarriage rate (obese
group 44.19% (19/43) vs. normal group 21.57% (11/51), p
= 0.002) and live birth rate (obese group 33.33% (27/81) vs.
normal group 51.85% (42/81), p = 0.009) between the obese
group and the normal group (adjusted p < 0.0167).

4. Discussion

Obesity is a chronic medical condition characterized by an ex-
cessive accumulation of body fat, arising from a combination
of factors that include unhealthy lifestyle habits such as high-
fat diets and sedentary behavior and certain genetic predispo-
sitions [13]. At present, it is estimated that approximately 1.6
billion adults worldwide are classified as overweight and about
400 million are identified as obese, and because obesity is fre-
quently associated with a wide range of health complications,
it has become a major global health concern and a focus of
considerable international attention [14].

Body mass index (BMI), calculated as weight (kg) divided
by height squared (m?), is the most commonly used index
for assessing overweight and obesity. According to the most
recent BMI classification standards for Chinese adults, BMI
is categorized as normal weight (18.5 < BMI < 24.0 kg/m?),
overweight (24.0 < BMI < 28.0 kg/m?), and obesity (BMI
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>28.0 kg/m?) [10]. Although BMI is a widely accepted
indicator of weight status, its impact on male fertility remains
inconclusive. For example, MacDonald et al. [15] reported no
differences in semen volume or sperm density between obese
and normal-weight men, and similar findings were described
by Thomsen [16], Anifandis [17], and Liu et al. [10], who
observed that sperm concentration, total sperm count, semen
volume, and motility were not significantly influenced by
BML. In contrast, Hammiche et al. [18] found that increasing
BMI was associated with reductions in semen concentration
and motile sperm counts, highlighting the ongoing inconsis-
tency in the available evidence.

In this study, no significant differences were found among
obese, overweight and normal-weight men for semen volume,
sperm concentration, normal morphology, total sperm count,
or DNA fragmentation, findings that are consistent with those
reported by Eisenberg [19]. Furthermore, correlation analyses
demonstrated that BMI showed no linear relationship with
semen quality parameters, consistent with previous interna-
tional studies [20, 21]. In contrast, both progressive motility
and total sperm motility were significantly reduced in obese
patients, in line with the observations of Bibi [22] and Wang
[23]. These results suggest that obesity has harmful effect on
fertility [24]. There are several possible scientific explanations
for this phenomenon. Obese men show decreased serum
concentrations of sex hormone-binding globulin, inhibin B
and androgen, together with raised up levels of estradiol,
correlating with the levels and severity of obesity [25, 26].
Apart from this endocrine context, this phenomenon could be
further explained by oxidative stress due to obesity, which
could supplementarily lead to elevated levels of sperm DNA
damage and compromised sperm function [27].

Current literature on the impact of male BMI on IVF-ET
outcomes remains inconsistent. Zhang [28] reported a negative
association between BMI and fertilization rate, number of
transferable embryos, and proportion of high-quality embryos,
while Yang [29] found that male BMI >28 kg/m? was associ-
ated with significantly lower fertilization rates, poorer embryo
quality, and reduced clinical pregnancy rates. In contrast,
Merhi [30] did not observe such associations. In our cohort,
neither the overweight group nor the obese group differed
significantly from the normal-weight group in MII oocyte rate,
normal fertilization rate, cleavage rate, transplantable embryo
rate, proportion of high-quality embryos, blastocyst formation,
or high-quality blastocyst development, which is consistent
with the findings of Bibi et al. [22]. Large-scale analyses have
also yielded conflicting results: a cohort including 6569 IVF-
ET cycles reported no significant impact of male overweight
or obesity on pregnancy, miscarriage, or live birth outcomes
[10], and studies by Kim [31] and Liu [32] similarly did
not identify differences across BMI categories. However,
Zheng [33] and Yang [29] demonstrated a negative correlation
between BMI and IVF-ET pregnancy outcomes among obese
men. In our data, although the obese group showed a non-
significant downward trend in clinical pregnancy, the obese
group exhibited a marked decline in live birth rates, alongside
a significantly higher miscarriage rate, consistent with the
findings of Kort [34], Mushtaq [35], and Campbell [36].

This study has several limitations. First, the relatively
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TABLE 3. Comparison of IVF-ET outcome parameters in each group.

Normal group
(n=281)

86.30 (869/1007)
59.88 (603/1007)
99.83 (602/603)
83.79 (610/728)

Group

MII oocyte rate (%)

Normal fertilization rate (%)
Cleavage rate (%)
Transplantable embryo rate (%)

High-quality embryo rate (%) 70.60 (425/602)
Blastocyst formation rate (%) 64.50 (298/462)
High-quality blastocyst rate (%) 27.06 (125/462)

Implantation rate (%)
HCG positivity rate (%)

45.39 (64/141)
65.43 (53/81)
62.96 (51/81)
21.57 (11/51)°
51.85 (42/81)°

Clinical pregnancy rate (%)
Miscarriage rate (%)
Live birth rate (%)

Overweight group Obesity group
(n=81) (n=_81) X p
87.09 (904/1038) 86.36 (817/946) 0.341 0.843
59.82 (621/1038) 61.6 (583/946) 0.852 0.653
99.19 (616/621) 99.83 (582/583) 4.280 0.118
84.69 (603/712) 82.94 (564/680) 0.786 0.675
66.56 (410/616) 65.46 (381/582) 3.984 0.136
67.32 (309/459) 68.25 (288/422) 1.535 0.464
25.49 (117/459) 29.62 (125/422) 1.915 0.384
38.57 (54/140) 41.35 (55/133) 1.358 0.507
60.49 (49/81) 62.96 (51/81) 0.424 0.809
54.32 (44/81) 53.09 (43/81) 1.912 0.384
13.64 (6/44)" 44.19 (19/43)° 11.383  0.003%**
46.91 (38/81)* 33.33 (27/81)° 6.045 0.049*

MII: second meiotic division; HCG: human chorionic gonadotropin; *p < 0.05, **p < 0.01. “°: denotes different subgroups,
when the chi-square test is significant, Bonferroni correction are employed for intergroup comparisons.

limited sample size of this study might have skewed the results
to introduce potential bias. Second, all data were derived from
infertile couples of reproductive age treated at a single center,
which may limit the generalizability of the findings to broader
populations. Third, as a retrospective study based on exist-
ing medical records, the accuracy and completeness of some
variables could not be fully ensured. Finally, our analysis did
not adjust for potential confounding factors, such as lifestyle,
dietary habits, smoking status, and comorbid conditions, which
may have influenced both BMI and reproductive outcomes.

5. Conclusions

In summary, this study demonstrates that elevated male BMI
adversely affects sperm motility and is associated with less
favorable assisted reproductive outcomes. Accordingly, cou-
ples planning to undergo ART should be advised to maintain
a healthy BMI in the male partner before treatment initiation,
to enhance the likelihood of achieving favorable reproductive
outcomes.
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