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Abstract
Background Current evidence supports the association between the high sperm DNA fragmentation (SDF) and the poor
fertilization rate following either natural conception or assisted reproductive techniques (ART). On the other hand, there are
conflicting results regarding the decreased sperm DNA integrity in men with high body mass index (BMI).
Objective We aimed at the present systematic review and meta-analysis at evaluating the association between BMI and SDF.
Methods We searched databases of Medline, Embase, Scopus, and Web of Science up to May 2019, to identify obser-
vational studies that assessed the associations between BMI and SDF. BMI was classified, according to the standard BMI
classifications, into six categories including underweight (<18.5), normal weight (18.5–24.99), overweight (25–29.99), class
I obesity (30–34.99), class II obesity (35–39.99), and class III obesity (≥40). Standardized mean differences (SMDs) and
95% confidence intervals (CIs) of SDF were calculated by using a random-effects model for BMI categories.
Results The initial extensive literature search yielded 33,739 potentially relevant articles (3,917 from Medline, 781 from
Embase, 12,685 from Scopus, and 9,348 from Web of Science). Fourteen studies (nine cross-sectional, four cohort, and one
case–control studies), with a total number of 8,255 participants, were included in the meta-analysis. Finally, three studies
reported higher SDF levels in obese men (BMI= 30–34.99) compared with normal-weight men (BMI < 25) (SMD: 0.23,
95% CI: 0.01, 0.46, P= 0.05, I2= 0%), but there was no difference between other categories.
Conclusions There is insufficient data to demonstrate a positive association between BMI and SDF. Our findings provide a
rationale for conducting further cohort studies for evaluation of the association between BMI and SDF, considering potential
confounders.

Introduction

It has been proven that the high level of sperm DNA
fragmentation (SDF) (≥30%) reduces fertilization and

pregnancy rates following either natural conception or
assisted reproductive techniques (ART) [1]. The main
etiology of SDF is complex and still unclear, but it can be
caused by defects in spermatogenesis following testicular
and post-testicular injuries like toxins, hyperthermia, oxi-
dants, and hormonal disorders [2]. Obesity is one of the
potential lifestyle factors that can increase oxidative stress
(OS) levels and consequently DNA damage, in different
body organs [3, 4], including testis and germinal cells [5].
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Due to the changes toward a more sedentary lifestyle, as
well as dietary changes, obesity is currently a cause of
concern worldwide and has even reached epidemic pro-
portions in several countries. Individuals with obesity or
overweight currently represent more than two-thirds of the
population of developed and developing countries. Previous
studies showed a decline in sperm DNA integrity in parallel
to the obesity epidemic. Nevertheless, the studies addres-
sing the specific association between obesity and SDF have
yielded contradictory results. Although some recent data
suggest a correlation between the increase in obesity and a
reduction in sperm integrity, other studies did not detect
statistically significant adverse effects [6–11]. Given the
discrepancies among study results and the belief that an
understanding of the association between obesity and SDF
will allow better counseling of infertile couples, we aimed
at determining the association between BMI and SDF in this
systematic review and meta-analysis.

Methods

Search strategy and selection criteria

A systematic review and meta-analysis were done according
to the Meta-analysis of Observational Studies in Epide-
miology guidelines. Published and unpublished observa-
tional studies have been sought by computer-aided literature
searches, manual searches of citations and reference lists of
the identified studies, and pertaining review papers. The
following electronic databases were searched: Medline
(through PubMed), Embase, Scopus, and Web of Science,
from inception until May 2019. Search terms included
“DNA Fragmentation” OR “sperm DNA damage” OR
“sperm DNA integrity” OR “human sperm chromatin” OR
“Apoptotic DNA Degradation” AND “obesity” OR “adip-
osity” OR “body mass index” OR “overweight” OR
“Quetelet Index” OR “bodyweight” OR “weight” OR “body
fat” OR “body mass”. Full details of the search strategy-
used terms and database-specific indexing terminology are
provided in Supplementary Table 1. We selected studies
that meet the following criteria: (1) observational studies
(cohort, case–control, and cross-sectional) that evaluated
the associations of BMI and SDF, as assessed by the DNA
fragmentation index (DFI), (2) SDF detected by the Sperm
Chromatin Structure Assay (SCSA), the Sperm Chromatin
Dispersion test, the Terminal deoxynucleotidyl transferase,
dUTP Nick-End Labeling (TUNEL) assay, or the single-cell
gel electrophoresis (Comet) assay, and (3) categorized BMI
into six groups: underweight (<18.5), normal weight
(18.5–24.99), overweight (25–29.99), class I obesity
(30–34.99), class II obesity (35–39.99), and class III obesity
(≥40). We excluded studies if (1) they were designed as

interventional study (trials and studies undertaken to assess
the effects of any intervention), review, case reports, case
series, animal studies, cell experiment, and laboratory-based
research; (2) we were not able to extract the exact details
about the research method or results; (3) presented only as
abstracts or conference paper.

Selection of articles and data extraction

Studies were selected in a two-stage process. First, all titles
and abstracts in database results were scrutinized for rele-
vance to this systematic review. Second, the full texts of
relevant articles were read, and all studies that potentially
meet the selection criteria were obtained. The final decision
on inclusion or exclusion of the studies was made on the
evaluation of the full papers. In cases of duplicate pub-
lication, the most recent and complete versions were
selected. Methodological quality appraisal was completed
by using the Newcastle–Ottawa Quality Assessment Scales
for observational studies (NOS). The NOS is a validated
tool for assessing the quality of nonrandomized studies in
meta-analyses, which uses a star system based on three
components: the selection of the study groups (up to four
points), comparability of the groups (up to two points),
and exposure or outcome (up to three points). Data
extraction was conducted for each retrieved article using a
standardized, pilot-tested data collection form. Informa-
tion was extracted from each study regarding author
names, publication year, location, study design, type of
participants (people with infertility or healthy), the sample
size in each BMI category, age of participants, SDF
damage assay, and mean ± standard deviation of SDF in
each BMI category. All stages were conducted indepen-
dently by two reviewers (MS and MR). Any disagree-
ments were resolved by the discussion or arbitration by a
third reviewer (AM-H).

Statistical analyses

BMI was categorized into six categories to denote the
standard BMI classifications of underweight (<18.5), nor-
mal weight (18.5–24.99), overweight (25–29.99), class I
obesity (30–34.99), class II obesity (35–39.99), and class III
obesity (≥40). Standardized mean differences (SMDs) and
95% confidence intervals (CIs) of SDF were calculated for
BMI categories. Extracted SMDs from primary studies were
pooled using inverse-variance weighted random-effects
model. To investigate whether the results of the meta-
analysis depended on a particular study or group of studies,
we recomputed the meta-analysis statistic after omitting one
study at a time (sensitivity analysis). Heterogeneity was
evaluated graphically using forest plots and statistically
using the Higgins I2 statistic that measures the percentage of
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total variation across studies that are due to heterogeneity
rather than chance. In addition, we assessed the probability
of publication bias with the Egger’s test, with a P value <
0.10 considered representative of statistically significant
publication bias. All comparisons were two-tailed, and 95%
CIs were described where applicable. Statistical analyses
were performed using RevMan5.3 (Cochrane Collaboration,
Oxford, UK) and Stata13.0 (Stata Corp, TX, USA).

Results

Literature search

The initial extensive literature search yielded 33,739
potentially relevant articles (3,917 from Medline, 781 from
Embase, 12,685 from Scopus, and 9,348 from Web of
Science). Following the removal of duplicate articles and
the addition of studies by hand searching (eight studies),
9,647 studies were identified to be potentially eligible for
inclusion. Of these, 9,614 were excluded from the studies
based on their titles (n= 8,217) and abstracts (n= 1,397).
Full texts of 33 studies were retrieved as they addressed the
study question, but 19 studies were excluded because they
did not qualify eligibility criteria. Finally, 14 studies met all
of the inclusion criteria and were included in the meta-
analysis (Fig. 1).

Study characteristics

Table 1 outlines the main characteristics of the included
studies. The 14 studies, including ten cross-sectional and
four cohort studies, were published between 2006 and 2018.
The studies were conducted in the United States (three
studies) [7, 9, 12], Brazil (two studies) [11, 13], Norway
(two studies) [14, 15], France (one study) [8], Denmark
(one study) [16], China (one study) [10], Egypt (one study)
[17], South Africa (one study) [18], Czech Republic (one
study) [19], and one in Europe (Ukraine, Poland, Sweden,
and Norway) [6]. The sample sizes ranged from 42 to 2,321
participants.

Methodological assessment

A summary of methodological quality appraisal is shown in
Supplementary Table 2. In cross-sectional studies, five
(50%) were of high quality with an average NOS score of
9.2, and five (50%) showed moderate quality with an
average NOS score of 6.8. All studies, except two, selected
representative samples from the population. All cohort
studies selected their exposed and nonexposed participants
from the same community sample. All studies provided
adequate criteria for the diagnosis of the outcomes of
interest and provided a proper description of how the out-
comes were measured. There was no description of the
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response rate or the characteristics of the responders and
nonresponders in all cross-sectional studies.

The mean of DFI in BMI categories

Men with obesity (BMI > 30) compared with men with
normal weight (BMI= 18.5–24.99)

Six studies with a total number of 3,620 men (639 obese
men and 2,981 men with normal weight) were included in
this meta-analysis. Two of the six studies found a positive
association between BMI and SDF, while the remaining
four studies showed no statistically significant association.
Most of these studies (230 obese men and 1810 men with
normal weight) found an identical unadjusted mean SDF
percentage between two groups of obese and normal-weight
men. The pooled analysis indicated that there is no asso-
ciation between BMI category and SDF (SMD= 0.85; CI:
−0.16, 1.87, P= 0.10, Fig. 2) with considerable hetero-
geneity between the studies (I2= 99%, P < 0.001). There
was no evidence of publication bias (P= 0.27). In a sub-
group analysis, no significant difference was observed in the
subset of studies that determined SDF with the SCSA
(SMD: 0.40; CI: −0.81, 1.60, I2= 99%, P= 0.52) and the
TUNEL tests (SMD: 1.85; CI: −1.79, 5.49, I2= 99%, P=
0.32) (Fig. 2).

Men with overweight (BMI= 25–29.99) compared with
men with normal weight (BMI= 18.5–24.99)

A total of seven studies (including 2,139 overweight and
3,089 normal-weight men) assessed the association between

BMI and SDF, with SMDs ranging from −0.19 (95% CI:
−0.27, −0.12) to 2.80 (95% CI: 2.51, 3.10). Overweight
men demonstrated a higher mean of SDF compared with
normal-weight men (SMD= 0.66; 95% CI: 0.09, 1.22, P=
0.02, I2= 99%, Fig. 3). When we limited the meta-analysis
to the studies that determined SDF with the SCSA, the
SMD increased by 0.05, but it was statistically non-
significant with a high heterogeneity (SMD= 0.71; CI:
−0.09, 1.51, I2= 99%, P= 0.08, Fig. 3). As well, we
limited the meta-analysis to studies that used the TUNEL
test for determination of the SDF, and observed an increase
of 0.26 SMD; however, this result was still nonsignificant
and heterogeneous (SMD= 0.92; CI: −0.90, 2.74, I2=
98%, P= 0.32, Fig. 3). There was only one study that
determined SDF with the Comet technique (SMD=−0.03;
CI: −0.26, 0.20, I2= 99%, P= 0.80, Fig. 3).

Men with obesity (BMI > 30) compared with men with
overweight (BMI= 25–29.99)

Ten studies (including 1,312 obese and 3,064 overweight
men) evaluated the association between BMI and SDF, with
SMDs ranging from −1.02 (95% CI: −1.28, −0.75) to 1.67
(95% CI: 1.13, 2.20). Out of these ten studies, four reported
a positive association with SDF, while meta-analysis
showed no difference between two groups (obese and
overweight men) (SMD= 0.17; CI:−0.12, 0.46, I2= 93%,
P= 0.25, Fig. 4). Subgroup analysis showed no significant
difference in the mean of SDF for studies that determined
SDF with the SCSA (SMD: −0.17, 95% CI: −0.62, 0.29, P
= 0.47, I2= 95%, Fig. 4) and the TUNEL tests (SMD: 0.57,
95% CI: −0.07, 1.21, P= 0.08, I2= 93%, Fig. 4). There

Fig. 2 Forest plot showing individual and combined effect size estimates and 95% confidence intervals (CIs) in studies that evaluated the sperm
DNA fragmentation in obese men (BMI > 30) compared with normal-weight men (BMI= 18.5–24.99).
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Fig. 4 Forest plot showing individual and combined effect size estimates and 95% confidence intervals (CIs) in studies that evaluated the sperm
DNA fragmentation in obese men (BMI > 30) compared with overweight men (BMI= 25–29.99).

Fig. 3 Forest plot showing individual and combined effect size estimates and 95% confidence intervals (CIs) in studies that evaluated the sperm
DNA fragmentation in overweight men (BMI= 25–29.99) compared with normal-weight men (BMI= 18.5–24.99).
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was only one study that used the Comet test (SMD= 0.56;
CI: 0.20, 0.92, P= 0.002, Fig. 4).

Men with obesity (BMI= 30–34.99) compared with men
with overweight (BMI= 25–29.99)

We retrieved four studies with 696 participants, in which SDF
was compared between obese (n= 245) and overweight men
(n= 451). After combining the data, there was no significant
difference between obese and overweight men (SMD: −0.08,
95% CI:−0.24, 0.07, P= 0.30, Fig. 5). No heterogeneity was
observed for this outcome (I2= 0%, P= 0.95).

Men with obesity (BMI= 30–34.99) compared with men
with normal weight (BMI < 25)

The results for this association were reported in three stu-
dies that represented 304 participants (174 obese men and
130 normal-weight men). The mean of SDF was sig-
nificantly higher in obese men compared with normal-
weight subjects (SMD: 0.23, 95% CI: 0.01, 0.46, P= 0.05,

Fig. 6). No heterogeneity was observed for this outcome
(I2= 0%, P= 0.40).

Men with obesity (BMI > 35) compared with men with
normal weight (BMI < 25)

The meta-analysis of the three studies that reported the
endpoint SDF demonstrated considerable heterogeneity
(I2= 85%, P= 0.001). The use of the random-effect model
did not reveal any significant difference between two
groups (SMD: 0.56, 95% CI: −0.17, 1.28, P= 0.13, Fig. 7).

Men with overweight (BMI= 25–29.99) compared with
men with underweight (BMI < 18.5)

Three studies, including a total of 1654 men (1569 over-
weight and 85 underweight men), were included in this
meta-analysis. The pooled analysis showed that there is an
association between BMI category and SDF (SMD= 0.12;
CI: −0.26, 0.50, P= 0.54, Fig. 8) with a moderate het-
erogeneity (I2= 58%, P= 0.09).

Fig. 5 Forest plot showing individual and combined effect size estimates and 95% confidence intervals (CIs) in studies that evaluated the sperm
DNA fragmentation in obese men (BMI= 30–34.99) compared with overweight men (BMI= 25–29.99).

Fig. 6 Forest plot showing individual and combined effect size estimates and 95% confidence intervals (CIs) in studies that evaluated the sperm
DNA fragmentation in obese men (BMI= 30–34.99) compared with normal-weight men (BMI < 25).

Fig. 7 Forest plot showing individual and combined effect size estimates and 95% confidence intervals (CIs) in studies that evaluated the sperm
DNA fragmentation in obese men (BMI > 35) compared with normal-weight men (BMI < 25).
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Discussion

To the best of our knowledge, the present study is the first
systematic review and meta-analysis evaluating the asso-
ciation of BMI and SDF levels. Accurate eligibility criteria
were applied, and a subgroup analysis was conducted
regarding the type of SDF assay. Based on the studies
included in this systematic review, there was no strong
evidence for an overall detrimental effect of BMI on SDF.
Although three studies reported higher SDF levels in obese
men (BMI= 30–34.99) compared with normal-weight men
(BMI < 25), the overall results do not support such con-
clusions [12, 14, 15]. We concluded that if such association
exists, it is not statistically significant enough to be detected
by the meta-analysis of observational studies with a total
number of 8255 men; however, we are not able to draw a
definitive conclusion, and considering the probable clinical
importance of this issue, we should interpret the results with
caution.

During the last decade, the SDF has played a significant
role in predicting pregnancy rates, both in natural concep-
tion and ART [20–25], and appropriate treatment may
increase the possibility of successful pregnancy [26]. The
causes of SDF remain unknown, although hypotheses such
as OS, defects in chromatin maturation, and apoptosis have
been suggested [27]. Aitken and De Iuliis demonstrated that
the most common cause of DNA fragmentation in sper-
matozoa is OS [28]. Reactive oxygen species (ROS), the
natural by-products of aerobic metabolism, are chemically
reactive chemical species containing oxygen, such as the
superoxide anion (O2), hydroxyl radical (HO•), or hydrogen
peroxide (H2O2). Under normal conditions, due to the short
half-life of free oxygen radicals and antioxidant activity,
there is an equilibrium for the harmless function of free
oxygen radicals in spermatozoa [29].

Minor concentrations of ROS are essential for the proper
functioning of spermatozoa, especially capacitating, hyper-
activation, and acrosomal reaction [30]. In vitro experiments
have demonstrated that ROS can stimulate capacitation by
tyrosine phosphorylation, zona pellucida binding, and pro-
motion of chemotaxis and chromatin compaction in matur-
ing spermatozoa during epididymal transit [1]. Aktan and

Chen have shown more concentrations of free oxygen
radicals in the semen of infertile men [31]. More con-
centration of ROS can be important mediators of damage to
biomolecules involving lipids, proteins, and DNA. Three
major effects of OS impacting spermatozoa are the single-
and double-strand DNA fragmentation, the oxidation of
membrane polyunsaturated fatty acids, and the loss of
mitochondrial membrane potential [32].

Several possible mechanisms may account for the effect
of obesity on OS. Mitochondrial and peroxisomal oxidation
of fatty acids, which elevated by adipose tissue, can produce
ROS in oxidation reactions. Mitochondrial oxidative phos-
phorylation, along with the respiratory chain in mitochon-
dria, leads to the production of free oxygen radicals, by
reducing the concentration, and activity of antioxidant
enzymes, such as superoxide dismutase, catalase, and glu-
tathione peroxidase, along with increased adipose tissue.
OS is associated with endothelial dysfunction, a pro-
inflammatory state that is characterized by a reduction in
the bioavailability of vasodilators, particularly nitric oxide,
and an increase in endothelium-derived contractile factors
[33, 34].

It seems that the heterogeneity between the included
studies is the most important reason for not observing the
association between BMI and SDF. The most important
causes of heterogeneity include the type of study popula-
tion, different eligibility criteria, various BMI classification
systems, study design, and different measurement methods
of SDF.

Strengths and limitations of the study

The strengths of the present study are the following: (1) the
inclusion of studies from different countries around the
world (11 countries), which allowed us to draw more gen-
eralizable conclusions; (2) a large number of studies
(14 studies with a total number of 8255 participants), which
could make the results more precise; (3) inclusion of
methodologically high-quality and well-designed studies
based on the results from the appraisal. However, this
systematic review and meta-analysis have several limita-
tions that need to be addressed. First, the high heterogeneity

Fig. 8 Forest plot showing individual and combined effect size estimates and 95% confidence intervals (CIs) in studies that evaluated the sperm
DNA fragmentation in overweight men (BMI= 25–29.99) compared with underweight men (BMI < 18.5).

556 M. Sepidarkish et al.



existed between the studies. The most probable causes of
heterogeneity are the different populations included in the
studies, different eligibility criteria, various BMI classifi-
cations, study design, and different SDF measurement
methods. More than half of the studies did not have specific
exclusion criteria for their participants, so one of the pos-
sible causes of heterogeneity was the difference between the
exclusion criteria. Another reason for heterogeneity can be
the differences in the study populations. Five studies
examined the association in healthy populations, while the
remaining assessed subfertile population. In most of the
included studies, the BMI was categorized based on the
classification systems other than the World Health Organi-
zation’s standard classification. Unfortunately, due to
insufficient data, we were not able to perform subgroup
analysis based on population type, eligibility criteria, and
study design. Second, a number of the included studies
selected the exposed and nonexposed participants at the
beginning of the study. The results from these studies are
often vulnerable to be influenced by selection bias, and the
selection of an appropriate group of nonexposed partici-
pants can be one of the most challenging aspects of these
studies. An important principle is that the distribution of
potential confounding variables should be the same among
exposed and nonexposed participants; in other words, both
groups should stem from the same source population.
Considering the nature of the question, we have based this
systematic review on the data from observational studies,
which are at higher risk of confounding factors compared
with randomized controlled trials. Some of the included
studies in this meta-analysis did not control for the same
confounder variables. Several studies did not control the
effect of confounders. There are many variables like semen
collection methods, storage temperature, varicocele, infec-
tion, and the temperature of the testes that can affect the
result of SDF tests. The lack of strategies for control of
confounding variables in all included studies made us
unable to do meta-analysis based on the adjusted MD.

Conclusion

To date, a large number of studies assessed the association
between BMI and SDF. There is insufficient data to
demonstrate a positive association between BMI and SDF.
Our findings suggest a need for conducting further cohort
studies for evaluating the association between BMI and
SDF considering potential confounders.
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