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a b s t r a c t

Objectives: This study investigated the relationship between body mass index (BMI) and metabolic
syndrome on sperm DNA fragmentation (SDF) in males from infertile couples.
Methods: This cross-sectional study was performed from September 2018 to September 2019 at the Hue
Center for Reproductive Endocrinology and Infertility (HUECREI), Vietnam. The study included men from
couples with at least one year of infertility, who were subjected to semen analysis and SDF assay (Hal-
osperm). We also performed a 2-h oral glucose tolerance test and measured lipidemia. Metabolic syn-
drome (MetS) was defined based on the NHLBI/AHA-ATP III guidelines.
Results: The mean age of the patients was 35.26 ± 5.87 years and 53.8% of them had a BMI �23.0 kg/m2.
The DNA fragmentation index was significantly associated with overweight (p ¼ 0.024). Men without
MetS had a higher rate of big halos and a lower rate of small halos, no halos, and degraded semen
compared to that in men with MetS, but the differences were not significant (p > 0.05). By performing
multivariable analysis, we found that the SDF value was significantly different among the two groups
with either overweight or normal weight.
Conclusion: In males from infertile couples with a relatively young mean age, BMI can be an independent
indicator for SDF. MetS thus has a significant role in the development of sperm DNA fragmentation, at
least in overweight individuals; it should thus be assessed under the scope of BMI, for better/earlier
detection of increased SDF.
© 2020 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Infertility affects 10e15% of couples in reproductive age world-
wide [1]. The male factor is present in 20e50% of these couples,
either independently or in combination with the female factor [2].
In recent years, emerging evidence of the effect of sperm DNA
integrity on the reproductive outcome and the development of
sperm DNA fragmentation (SDF) assays has opened a new clinical
approach in the field. Higher levels of SDF can be found in infertile
couples, irrespective of other semen parameters [3]. Furthermore,
high SDF results are associated with a longer time to achieve a
natural pregnancy compared to low SDF [4]. Thus, it is now clear
ndocrinology and Infertility,
ersity, 06 Ngo Quyen Street,

(M.T. Le).

r Inc. This is an open access article
that SDF plays an important role in predicting male reproductive
outcomes.

Several external, post-testicular, and intra-testicular factors
have been correlated with increased levels of male sperm DNA
damage (e.g., diabetes, varicocele, spinal cord injury, cancer and
chemotherapy, infections, age, lifestyle, and high temperature) [5].
The effect of metabolic syndrome (MetS) on semen quality,
particularly on sperm DNA integrity, is supported by limited data.
Pearce et al. were the first to suggest a link between MetS-induced
obesity, increased intestinal permeability, and endotoxin exposure,
and oxidative stress-mediated sperm DNA damage [6].

MetS, is defined by several guidelines. The National Cholesterol
Education Program’s Adult Treatment Panel III (ATP III), includes
the following parameters: increased waist circumference, high
triglyceride levels, decreased HDL, high blood pressure, and
elevated plasma glucose [7]. The new International Diabetes
Federation definition includes central obesity (high WC), plus any
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:leminhtam@huemed-univ.edu.vn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.metop.2020.100054&domain=pdf
www.sciencedirect.com/science/journal/25899368
www.journals.elsevier.com/metabolism-open
https://doi.org/10.1016/j.metop.2020.100054
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.metop.2020.100054


M.T. Le et al. / Metabolism Open 7 (2020) 1000542
two of the following four factors: raised triglycerides, reduced HDL
cholesterol, raised blood pressure, and raised fasting plasma
glucose [8]. At present, insulin resistance is not required for diag-
nosingMetS [9]. Because MetS is a cluster of different disorders and
not a single disease, multiple concurrent definitions have been
introduced. Notably, the requirement of central obesity plays a key
feature in definingMetS. MetSmight affect male semen parameters
[10,11] and induce low testosterone levels [10]. Obesity and over-
weight can lead to hypogonadism, impaired spermatogenesis,
increased scrotal temperatures, and increased sperm DNA damage.
Moreover, dyslipidemia can increase oxidative stress in the testic-
ular microenvironment and ductal system, which could further
decrease fertility [12]. Futher studies are thus needed to elucidate
the relationship between MetS and male infertility. This study
aimed to determine the impact of body mass index (BMI) and MetS
on SDF in male partners from infertile couples.

2. Methods

2.1. Study design

This cross-sectional study was performed at the Hue Center for
Reproductive Endocrinology and Infertility (HUECREI), Hue Uni-
versity Hospital, Vietnam from September 2018 to September 2019.
Men from infertile couples (at least 1 year of unsuccessful
conception) were recruited. The sample size was calculated for the

rate estimate investigation: n ¼ Z2a=2
pð1�pÞ

D2 . With the prevalence of

abnormal DFI in men from infertile couples p ¼ 8.8% [13], D ¼ 0.04,
a¼ 0.05, and Za

2
¼ 1:96, the minimum simple size was estimated to

be 193 men. A total of 290 men were enrolled as the study popu-
lation during the recruitment period.

The selection criteria in this study include men who were
diagnosed with infertility according to WHO standards, eligible for
the halosperm test and having enough required information
regarding anthropometry and biochemical assays. Patients with
acute systemic diseases, acute urinary tract infection, hepatic
function disorders, malignant diseases, retrograde ejaculation, or
azoospermia were excluded from the study. We recorded the
following general characteristics for all patients: age, geography,
education, occupation, clinical history, and physical examinations
such as infertility type, infertility duration, a history of mumps, a
history of surgery of the reproductive urinary tract, and chronic
diseases such as hypertension, diabetes, osteoarthritis, cardiac or
pulmonary disorders, and so on. The components of metabolic
syndrome including waist circumference, blood pressure, fasting
plasma glucose, and blood lipid were tested and the ATP III criteria
were used to diagnose patients with MetS. Semen parameters were
determined and the results of SDF assay bywere obtained using the
Halo sperm test. The study was approved by the Hue University of
Medicine and Pharmacy Ethics Committee with approval number
H2019/436.

2.2. Anthropometry

We measured the height and weight of all patients. Body mass
index (BMI) was calculated as weight (kilograms) divided by the
square of height (in meters). According to the Asian classifications
for BMI, patients were categorized as obese (�25 kg/m2), over-
weight (23.0e24.9 kg/m2), normal (18.5e22.9 kg/m2), and under-
weight (<18.5 kg/m2). Hip circumference was measured at the level
of the pubic symphysis. Waist circumference (WC) was defined by
measuring the perimeter at the level of the umbilicus, recorded at
the end of the expiration. Abdominal obesity was determined as a
WC � 90 cm and a waist-to-hip ratio (WHR) of 0.9. Blood pressure
(BP) was measured in the sitting position after a 5-min rest.

2.3. Biochemical assays

Fasting glucose levels, oral glucose tolerance test (OGTT) results,
total cholesterol, triglycerides (TGs), high-density lipoprotein
cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-
C) were obtained using a Roche/Hitachi Cobas system (Module
COBAS 4000/6000, Roche Diagnostics, Indianapolis, IN, USA).

2.4. Definition of metabolic syndrome

Metabolic syndrome was diagnosed by following the National
Heart, Lung, and Blood Institute/American Heart Association
(NHLBI/AHA) ATP III guidelines [7]. When a subject fulfilled at least
three of the following five criteria, MetS was diagnosed: (1)
WC � 90 cm, (2) TG � 1.7 mmol/L, (3) HDL-C < 1.03 mmol/L, (4)
BP � 130/85 mmHg, and (5) fasting glucose � 5.6 mmol/L.

2.5. Semen analyses

Semen quality was evaluated according to the WHO 2010
standards [14]. After 3e5 days of ejaculatory abstinence, the semen
sample was collected by masturbation. The samples were analyzed
within 1 h after collection, after liquefaction. The following pa-
rameters were evaluated: color, volume, pH, liquefaction time, total
count, concentration, progressive motility, morphology, and leu-
kocytes. According to the WHO 2010 criteria, patients were classi-
fied as having normal semenparameters if the volumewas�1.5ml;
the progressive motility rate was �32%; the sperm concentration
was �15 million spermatozoa per ml; and the sperm morphology
was �4% [14].

2.6. Sperm DNA fragmentation assay

The Halosperm kit from Halotech DNA, S.L (Spain) was used to
evaluate SDF [15]. After being collected in clean containers, samples
were diluted to a concentration of 5e10 million spermatozoa/ml. A
total of 25 mL of the semen sample was added to an agarose
Eppendorf and mixed. The cell suspension from the agarose
Eppendorf (SCS) was then placed onto the treated side of a mi-
croscopy slide and covered with a glass coverslip. The slide was
then placed on a cold surface and stored in a refrigerator at 4 �C for
5 min. After removing the slide cover, the slide was immersed
immediately into a previously prepared DA solution (80 mL of HCL
in 10 mL distilled water) in a horizontal position and incubated for
7 min. Next, the slide was incubated for 25 min in another tray
containing 10 ml of tempered lysis solution (LS). The slide was then
rinsed to remove the LS and consecutively placed in a tray with 70%
ethanol (2min), 90% ethanol (2min), and 100% ethanol (2min). The
slide was then left to dry and observed under a fluorescence mi-
croscope. Spermatozoa with fragmented DNA showed halos of
dispersed DNA, which were classified as small (sh) or no halo (wh),
whereas sperm nuclei with intact DNA either presented a large (bh)
or medium (mh) halo. Fragmented spermatozoa were also classi-
fied as degraded (d). Fernandez’s criteria were used to classify the
different halo sizes [15]. Each slide was screened for 500 sperms
and the total of small halo, no halo, degenerated sperm was scored
as the DNA fragmentation index (DFI) for each patient.

2.7. Statistical analysis

All analyses were performed using SPSS software, version 20.0
(IBM Co., Armonk, NY, USA). Independent-samples Student’s t-test
was used to compare continuous variables among the different



Table 2
Association betweenDNA fragmentation, metabolic syndrome and bodymass index.

Factors Total (n ¼ 290) DFI � 30 DFI < 30 P value*

BMI (kg/m2)
<23 134 (46.2) 25 (18.7) 109 (81.3) 0.024
�23 156 (53.8) 47 (30.1) 109 (69.9)

M.T. Le et al. / Metabolism Open 7 (2020) 100054 3
groups, while categorical variables were evaluated with the chi-
square test. Multivariable analysis was performed to test the as-
sociation of anthropometric data with DFI in patients with MetS.
Results were expressed as odds ratios (ORs) with 95% confidence
intervals (CIs) and 2-sided P-values. A P value lower than 0.05
indicated statistical significance.
Metabolic syndrome
Yes 65 (22.4) 20 (30.8) 45 (69.2) 0.208
No 225 (77.6) 52 (23.1) 173 (76.9)

BMI: BodyMass Index; DFI: DNA fragmentation index; *Pe bivariate (not adjusted).
3. Results

In our cohort, the mean age was 35.26 ± 5.87 years as shown in
Table 1. Most men had primary infertility (64.5%) and had never
smoked before (60.7%). The mean infertility duration was
4.14 ± 2.87 years. Approximately, one third of the men (31.4%) had a
BMI � of 25.0 kg/m2. Moreover, the rate of infertile men not having
a history of chronic diseases was 82.8%, while 47.2% did not
consume alcohol regularly.

It has been shown in Table 2 that the DFI had significant positive
relationwith BMI (p¼ 0.024). The incidence of menwith DFI <30 in
the normal weight group (defined as a BMI < 23) was 81.34%,
whereas this value in the overweight group (BMI � 23) was just
69.87%. A total of 30.13% of overweight men had a DFI�30, whereas
only 18.66% of normal-weight men presented this condition.
However, we found no significant relationship between DFI and
metabolic syndrome (p ¼ 0.208).

Table 3 shows the metabolic indicators profile, sperm parame-
ters, and SDF data. The sample mean waist circumference was
83.41 ± 8.24 cm. Triglyceride, HDL, and fasting glucose levels were
2.44 ± 1.63 mmol/L, 1.24 ± 0.40 mmol/L, and 5.60 ± 1.08 mmol/L,
respectively. Regarding semen parameters, the mean semen con-
centration, rate of progressive motility, and the percentage of
normal morphology sperm were 32.55 ± 13.69 million/ml,
30.85 ± 13.21%, and 4.03 ± 2.42%, respectively. Regarding SDF, the
big, medium, and small halo values were 34.15 ± 18.86%,
43.23 ± 17.89%, and 7.93 ± 8.48%, respectively, while the degraded
sperm percentage and the mean DFI value were 4.52 ± 3.54% and
22.60 ± 17.68%, respectively. The table shows that the overweight
patients have worse results of metabolic indicators and sperm DNA
fragmentation (waist, DBP, triglycerides, HDL, fasting glucose,
degraded sperm, and DFI fragmentation; p < 0.05).
Table 1
Baseline characteristic of male in infertile couples.

Characteristics Number Percent (%)

Age (years)
Mean (IQR): 35.26 ± 5.87 (24e55)
<35 145 50.0
�35 145 50.0

Infertile types
Primary Infertility 187 64.5
Secondary Infertility 103 35.5

Infertile durations (years)
Mean (range): 4.14 ± 2.87 (1e17)
<3 100 34.5
�3 190 65.5

Body mass index (kg/m2)
Mean ± SD: 23.54 ± 2.97
<18.5 5 1.7
18.5e<23.0 129 44.5
23e<25.0 65 22.4
�25.0 91 31.4

Chronic diseases
Yes 50 17.2
No 240 82.8

Alcohol consumption 137 47.2
Smoking 114 39.3
The semen analysis data in men without MetS seemed to be
better than that in menwith MetS (Table 4); however, the observed
differences were not significant (p > 0.05). Regarding SDF, patients
without MetS had a higher rate of big halos compared with that in
patients with MetS (35.07 ± 18.34 vs. 30.95 ± 20.38, p ¼ 0.122).
Further, the rates of small halos, no halos, degraded semen, and DFI
in the group of men with MetS was higher than those in the group
without MetS (25.92 ± 20.24 vs. 21.65 ± 16.80, 9.64 ± 9.07 vs.
7.43 ± 8.26, 8.97 ± 10.48 vs. 7.45 ± 8.44, and 7.30 ± 6.50 vs.
6.78 ± 6.73, respectively). However, the difference was also not
significant for these parameters (p > 0.05). Table 5 presents the
effects of metabolic syndrome on DNA fragmentation based on a
multivariable analysis, adjustment with age, infertility type, and
infertility duration in each body mass index group. The sperm DNA
fragmentation index was significantly higher in the MetS group
than the non-MetS group [Coef. 6.89 (95%CI: 1.01-12.78)] in over-
weight individuals. However, this difference was not significant in
normal-weight patients (p ¼ 0.376).

The data from Fig. 1 indicate that overweight patients with
metabolic syndrome have a higher level of sperm DNA fragmen-
tation (DFI %) (p ¼ 0.037), however, this trend was not observed in
normal weight patients with metabolic syndrome (p ¼ 0.567).

4. Discussion

Although studies in the past decade have confirmed a rela-
tionship between MetS and lower levels of total testosterone, sex
hormone-binding globulin, and dehydroepiandrosterone sulfate
(DHEA-S) [16], the impact of MetS or detailed components such as
dyslipidemia, obesity, and glucose tolerance on the quality of
semen, especially SDF, remains unclear. This study aimed to
investigate the relationship between body mass index (BMI) and
metabolic syndrome on sperm DNA fragmentation (SDF). Our data
from males in infertile couples with relatively young mean age
suggested that BMI but not MetS is correlated with an increased
SDF. Insulin resistance and diabetes seem to have a negative effect
on sperm quantity and quality. Reportedly, diabetic patients have
lower semen volumes compared to those in control patients [16].
Moreover, recent studies have reported that diabetes can lead to
erectile dysfunction and ejaculatory dysfunction [17,18]. A pro-
spective cohort study conducted in 2014 found that increase in free
cholesterol and phospholipid levels was associated with a decrease
in sperm head size and the proportion of sperms with an intact
acrosome [19].

It has been suggested that an excess of adipose tissue leads to
the conversion of testosterone to estrogen, consequently inhibiting
the hypothalamic-pituitary-gonadal axis, which has a negative ef-
fect on spermatogenesis [12]. An increased BMI correlates with
lower sperm concentration and pregnancy rates in assisted repro-
ductive technology (ART) cycles [20]. In fact, high testosterone
levels in obese men result in increased conversion of androgens to
estrogen, thus causing oxidative stress and dysregulation of the
pituitary-hypothalamus, which may contribute to increase sperm



Table 3
Profile of metabolic indicators, sperm parameters and sperm DNA fragmentation.

Variables BMI < 23 (n ¼ 134) BMI � 23 (n ¼ 156)

Total MS (n ¼ 16) Non-MS (n ¼ 118) p1 Total MS (n ¼ 49) Non-MS (n ¼ 107) p2 p3

Metabolic indicators
Waist 78.75 ± 5.97 81.69 ± 6.47 78.36 ± 5.82 0.044 87.40 ± 7.82 92.45 ± 7.03 85.09 ± 7.06 <0.001 <0.001
SBP (mmHg) 113.84 ± 8.47 119.06 ± 12.94 113.14 ± 7.48 0.124 115.48 ± 12.07 120.82 ± 15.76 113.04 ± 9.03 0.0004 0.189
DBP (mmHg) 71.72 ± 5.95 75.0 ± 9.66 71.27 ± 5.16 0.116 73.40 ± 7.99 76.53 ± 10.11 71.96 ± 6.36 0.001 0.046
Triglyceride (mmol/L) 1.99 ± 1.57 3.97 ± 3.16 1.72 ± 0.96 <0.001 2.82 ± 1.60 3.77 ± 1.57 2.39 ± 1.41 <0.001 <0.001
HDL (mmol/L) 1.30 ± 0.37 1.04 ± 0.27 1.34 ± 0.37 0.0002 1.19 ± 0.41 1.03 ± 0.23 1.26 ± 0.46 0.0001 0.002
Fasting glucoses (mmol/L) 5.46 ± 0.84 6.17 ± 0.42 5.36 ± 0.84 <0.001 5.73 ± 1.24 6.39 ± 1.64 5.42 ± 0.86 <0.001 0.034

Sperm quality
Concentration (mil/ml) 32.28 ± 12.95 30.0 ± 13.56 32.59 ± 12.89 0.365 32.78 ± 14.33 32.24 ± 15.93 33.020 ± 13.61 0.792 0.761
Progressive motility (%) 30.75 ± 13.01 29.0 ± 13.54 30.99 ± 12.98 0.861 30.93 ± 13.43 30.18 ± 13.82 31.27 ± 13.30 0.714 0.910
Viability (%) 78.28 ± 10.35 79.88 ± 6.66 78.07 ± 10.76 0.481 77.82 ± 10.84 76.82 ± 12.43 78.28 ± 10.11 0.962 0.712
Normal morphology (%) 4.15 ± 2.49 3.81 ± 2.23 4.19 ± 2.53 0.775 3.93 ± 2.36 3.84 ± 2.50 3.98 ± 2.30 0.605 0.455
Abnormal head (%) 85.59 ± 4.81 85.94 ± 5.37 85.54 ± 4.75 0.764 85.53 ± 4.94 85.49 ± 5.54 85.55 ± 4.66 0.688 0.920
Abnormal tail (%) 61.90 ± 10.74 64.06 ± 8.20 61.60 ± 11.04 0.385 62.12 ± 10.62 60.45 ± 10.20 62.89 ± 10.76 0.160 0.857

Sperm DNA fragmentation (%)
Big halo 36.26 ± 19.45 39.31 ± 22.2 35.84 ± 19.10 0.7315 32.33 ± 18.19 28.22 ± 19.16 34.21 ± 17.51 0.047 0.084
Medium halo 42.78 ± 18.57 42.19 ± 18.80 42.86 ± 18.61 0.9754 43.62 ± 17.34 43.44 ± 19.93 43.70 ± 16.11 0.992 0.564
Small halo 7.50 ± 8.92 6.65 ± 3.51 7.62 ± 9.42 0.249 8.29 ± 8.11 10.62 ± 10.09 7.23 ± 6.80 0.0155 0.112
Without halo 7.45 ± 9.49 5.88 ± 4.37 7.66 ± 9.98 0.997 8.10 ± 8.46 9.98 ± 11.67 7.23 ± 6.37 0.430 0.094
Degradation 6.01 ± 5.13 5.98 ± 5.04 6.02 ± 5.16 0.959 7.66 ± 7.69 7.74 ± 6.90 7.63 ± 8.06 0.808 0.038

DFI fragmentation 20.92 ± 17.92 18.5 ± 11.58 21.29 ± 18.61 0.561 24.05 ± 17.40 28.34 ± 21.91 22.09 ± 14.59 0.037 0.023

DPB: diastolic blood pressure; FSH: follicle-stimulating hormone; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; SBP: systolic blood
pressure; WC: waist circumference; WHR: waist-to-hip ratio. Data are presented as mean ± SD or number (%). *Comparison was performed between men with and without
MS using the independent-samples t-test and Chi-square test.

Table 4
The association between sperm parameters and metabolic syndrome.

Variables Metabolic syndrome (n ¼ 65) Non e metabolic syndrome (n ¼ 225) P value*

Sperm quality
Concentration (mil/ml) 31.69 ± 15.31 32.80 ± 13.21 0.568
Progressive motility (%) 29.89 ± 13.66 31.12 ± 13.10 0.509
Viability (%) 77.57 ± 11.32 78.17 ± 10.43 0.689
Normal morphology (%) 3.83 ± 2.42 4.09 ± 2.42 0.442
Abnormal head (%) 85.6 ± 5.46 85.55 ± 4.70 0.938
Abnormal tail (%) 61.34 ± 9.81 62.21 ± 10.90 0.561

Sperm DNA fragmentation (%)
Big halo 30.95 ± 20.38 35.07 ± 18.34 0.122
Medium halo 43.13 ± 19.52 43.26 ± 17.43 0.958
Small halo 9.64 ± 9.07 7.43 ± 8.26 0.064
Without halo 8.97 ± 10.48 7.45 ± 8.44 0.229
Degradation 7.30 ± 6.50 6.78 ± 6.73 0.580

DFI fragmentation 25.92 ± 20.24 21.65 ± 16.80 0.086

DFI: DNA fragmentation index; P e bivariate (not adjustment).

Table 5
Multivariate analysis of DNA fragmentation and metabolic syndrome group.

Variable BMI <23 BMI �23

Coef. 95% CI p Coef. 95% CI p

Age (years) 0.40 �0.19-0.99 0.184 �0.235 �0.73-0.26 0.349

Metabolic syndrome
None Ref ref
Yes �4.49 �14.50-5.52 0.376 6.89 1.01e12.78 0.022

Infertile type
Primary ref ref
Secondary �0.51 �7.46-6.43 0.884 �2.14 0.54e1.83 0.990

Infertile duration (years) �1.22 �1.13-0.89 0.811 �0.91 �2.08-0.27 0.131

BMI: Body Mass Index.
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DNA damage [21]. Thus, there was a correlation between WC and
low total sperm count as well as low sperm concentration [21], A
meta-analysis in 2013 of 21 studies found that the OR for
azoospermia/oligospermia in overweight, obese, and morbidly
obese men was 1.11, 1.28, and 2.04, respectively [22]. Furthermore,
suprapubic lipectomy in infertile men showed potential to improve



Fig. 1. Bivariate analysis between SDF and metabolic syndrome by BMI.
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semen quality and pregnancy outcomes [23]. Our study found no
significant difference in semen parameters related to BMI, this may
result from a younger mean age and a lower BMI in the study
population with a mean BMI of 23.54 ± 2.97 kg/m2. Stone et al.
concluded a negative effect on semen quality and successful
pregnancy rate following intercourse declines in men older than 34
years of age [24]. Importantly, our data showed that overweight
patients have worse results of sperm DNA fragmentation with
significant differences. These data impressively confirmed the
impact of BMI on sperm quality using a better indicator of male
fertility.

By examining the semen parameters of patients who met the
criteria for MetS, a previous study showed that menwho met more
than three MetS criteria had a lower percentage of sperm with
normal morphology [25]. Similarly, Ventimiglia et al. also showed
that patients with MetS had a lower semen volume, sperm con-
centration, normal sperm morphology, and total progressive
motility values compared to those of control patients [10].

However, our study is not in agreement with those studies, as
we also found that the semen parameter differences between the
MetS group and the non-MetS group were not significant. The
discrepancy in these studies might be explained by the different
cohorts studied in terms of ethnicity, age, and other baseline
characteristics. The older age of the patients might have contrib-
uted to the incidence of MetS [26], whereas our study population
was quite young with a mean age of 35.26 ± 5.87. Moreover, the
waist circumference threshold of the Asian population criteria
applied in this study was 90 cm, but not 102 cm as in other studies
based on international criteria. Notably, we found that the SDF
value was significantly different between the group with and
without MetS (p ¼ 0.037) in overweight patients. This main finding
can suggest the contribution of MetS on sperm quality in some
ways, even though the difference is still insignificant in normal
weight patients (p ¼ 0.567). Obesity was supposed to affect male
fertility by reducing sperm quality as well as by changing the
physical and molecular structure of germ cells in the testes and
affecting thematuration of sperm cells [21]. Therefore, MetS should
not be assessed alone but should be considered in the context of
BMI as a better/earlier indicator of sperm quality assessed by both
semen analysis and SDF. Recent studies have reported that dysli-
pidemia has negative effects on male reproductive capacity, by
increasing the levels of reactive oxygen species at the molecular
level. A study in 2010 using a neutral comet assay to assess sperm
DNA integrity concluded that obese men, but not overweight men,
had higher levels of DNA damage [27]. Moreover, Kort et al. per-
formed a sperm structure chromatin assay and found that over-
weight and obese men had significantly higher rates of spermwith
fragmented DNA compared with those in men from the normal
group [28]. Another study, measuring 8-hydroxy-20-deoxy-
guanosine (8-OHdG) levels to evaluate seminal oxidative stress,
reported that SDF was positively associated with all measures of
adiposity (BMI, body fat, and waist circumference) [6]. While the
latest studies have mainly focused on the relationship between SDF
and obesity, data evaluating the effect of MetS on DNA fragmen-
tation are still limited. Our study presents preliminary data to
assess the impact of MetS on reproductive capacity, by measuring
DNA fragmentation levels. Additional studies are needed to confirm
our results on different populations using various assays.

A significant difference in SDF between the groups with and
without MetS in overweight patients, but not in normal weight
patients as revealed by our data, suggests a potential effect of MetS
on sperm DNA fragmentation. Potentially the negative correlation
of each phenotype of MetS with Sperm DNA fragmentation might
have resulted from the insufficient power of the study or the
limited number of individuals recruited. Furthermore, different
studies have shown that DNA fragmentation evaluated by the
sperm chromatin dispersion (SCD) technique, such as the Hal-
osperm assay used in this study, is a good parameter for predicting
the reproductive capacity in men [13,29]. However, there is
currently no unified classification matrix among the different SCD
assays available. While the diameter of the halo is a continuous
variable, different halo dimension categories are discrete variables.
Thus, SCD assays are not sufficient to propose a gold standard at
present. This is a relative limitation of the present study.

In conclusion, we found that inmales from infertile coupleswith
relatively youngmean age, BMI can be an independent indicator for
increasing SDF. The MetS has a significant role in the development
of sperm DNA fragmentation, at least in overweight individuals and
should thus be assessed under the scope of BMI, for better/earlier
detection of increased SDF. Further studies with men of advanced
age and with a larger sample size should be carried out to accu-
rately determine the impact of MetS on sperm quality.
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