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Abstract

Background: The effects of lifestyle and physical factors on male fertility potential are controversial and these disagreements have
increased public and research attention.
Objectives: This study was planned to evaluate the effects of modifiable lifestyle and physical factors on the semen quality and
assisted reproductive outcomes.
Methods: This prospective study evaluated lifestyle and physical factors in 306 infertile men under an assisted reproductive pro-
gram such as body mass index, age, abstinence time, tobacco smoking, varicocele treatment, physical activity, caffeine consumption,
and the use of cell phones, as well as sperm chromatin integrity and condensation, semen parameters, and assisted reproductive
outcomes between 2016 and 2018. Statistical analysis was performed using SPSS version 20 and CorrelationAttributeEval and Ranker
modules of WEKA software were applied to evaluate the effect of each feature/factor of men on the biochemical pregnancy rate.
Results: A negative association was seen between the total sperm count and abstinence time (< 3 days, P = 0.02) and caffeine con-
sumption (> 4 cups/d, P = 0.03). A decreased sperm concentration, normal morphology, motility, and chromatin normality were
found in the categories of older age (> 35-years-old) and elevated BMI (> 30, P = 0.03). The poor embryo quality (grade D) and in-
creased spontaneous abortion were found in men with high age, BMI, caffeine consumers, and smokers. The effects of smoking, age,
and BMI weighed more than the effects of other parameters on biochemical pregnancy.
Conclusions: Factors such as aging, elevated BMI, smoking, and high consumption of caffeine via affecting sperm parameters and
increasing DNA damage may affect assisted reproductive outcomes (e.g., poor embryo quality and high abortion).
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1. Background

About one-half of the reproductive abnormalities have
been reported in the male partner, but a few risk factors
have been studied and identified for male fertility poten-
tial (1). Many studies suggest that semen quality can be in-
fluenced by lifestyle and physical factors such as smoking,
obesity/overweight, sexual activity, stress, physical activity,
diet, especially alcohol and caffeine, age, using cell phones,
and varicocele (2, 3).

For example, several studies have reported that there
is an adverse relationship between obesity and normal se-
men quality (4, 5). A negative association was also found
between advancing age in men and quality of ejaculates
and chromatin disorders (2). On the other hand, some au-
thors have reported that elevated body mass index (BMI)
affects sperm quantity and quality (4); however, in another

study, these results were rejected (6). Therefore, there are
contradictory results about the lifestyle, physical factors,
and male fertility potential.

Nevertheless, the presence of risk factors for fertility
potential was suggested in some reviews (7, 8). Little infor-
mation is available on whether lifestyle and physical fac-
tors in men are related to assisted reproductive outcomes
such as the rate of fertilization, zygote and embryo quality,
clinical pregnancy, and abortion rate.

2. Objectives

Therefore, this study was planned to find the risk pa-
rameters related to lifestyle and physical factors such as
age, BMI, smoking, using cell phones, physical activity, ab-
stinence time, caffeine consumption, and repaired varic-
ocele, which were supposed to change the semen quality
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and chromatin status of men admitting to an in vitro fer-
tilization (IVF) clinic. In addition, the effect of these fac-
tors on assisted reproductive technique (ART) outcomes
was studied.

3. Methods

3.1. Study Population

The study population consisted of 450 men under an in
vitro fertilization-intracytoplasmic sperm injection (IVF-
ICSI) program admitting to the Alzahra Educational and
Remedial Center (IVF center) from May 2016 to May 2018.
They were invited to take part in the study to evaluate the
effects of lifestyle and physical factors on male reproduc-
tive health. Out of 450 men attending this infertility treat-
ment center, informed consent was obtained from 306 of
them to participate in the study. The men with diseases
of diabetic, thyroid, and/or taking hormone medications
were excluded from the study. The couples who had faced
female factor infertility were also excluded.

3.2. Information About Lifestyle and Physical Factors

The information about lifestyle and physical factors
was obtained using a detailed questionnaire.

• On the day of oocyte retrieval, the weight and height
of the patients (both men and women) were accurately
measured.

• The baseline questionnaire contained questions
about exercise phrased as follows:

Doing regular exercise, the duration of exercise (in
number of years), the number of exercise hours per week,
and the most frequent type of exercise. Therefore, physical
activities were categorized based on the intensity of activi-
ties as follows: Yes or no.

• The type of caffeine consumed during lifetime in-
cluded tea, coffee, milk chocolate, and dark chocolate.
The caffeine consumption was categorized as 0 cup/d, ≤ 1
cup/d, 2 - 3 cups/d, and > 4 cups/d (9).

• The use of cell phones was categorized based on the
duration of using this equipment (≥ 1 h/d or no).

• Cigarette smokers were divided into two groups of
consumers and non-smokers.

• We also specifically studied the effect of varicocele
treatment in men with either subclinical or grade 1 varic-
ocele on the semen quality.

• The semen quality was evaluated in relation to absti-
nence duration (< 3, and > 3 days of abstinence), too.

3.3. Semen Analysis

The evaluation of semen parameters was done ac-
cording to the World Health Organization (WHO) criteria
(10). The analyzed parameters were volume, concentra-
tion, morphology, motility, pH, liquefaction time, and ag-
glutination rate.

The assessment of the sperm chromatin status was
done using toluidine blue (Sigma, Germany) and aniline
blue (Sigma, Germany) stains. Toluidine blue stain is used
to assay chromatin integrity that binds to the sites of the
damaged DNA structure. The aniline blue staining was per-
formed to detect the internal structural defects of sperm
samples that bind to histones. 300 sperms were analyzed
in each slide under a light microscope.

3.4. ART Procedures

Controlled ovarian hyperstimulation was done based
on the protocol of long luteal suppression. The retrieved
follicles were prepared to inject based on the ICSI proce-
dures using an inverted microscope (Olympus IX70, Tokyo,
Japan). Injected oocytes were cultured into G1PLUS (Vitro-
life, Sweden) and incubated in a humidified atmosphere
with 5% CO2 at 37°C.

The evaluation of oocyte fertilization was done at 16 - 18
hours after microinjection in the presence of two pronu-
clei. The grading of two-pronuclear zygotes was done ac-
cording to the Scott et al. scoring system (11). The evalua-
tion of embryo grade was done based on their morphology
at 48 - 72 hours after injection (12).

Suitable embryos were transferred as intrauterine at
48 - 72 hours after ICSI. Increasing serum beta-HCG and
the observation of intrauterine sac with a heart function
were considered as biochemical and clinical pregnancy at
two and four weeks after embryo transfer (ET), respectively.
Abortion was also determined as pregnancy loss sponta-
neously after the observation of pregnancy by ultrasound.

3.5. Statistical Analysis

Statistical analysis was performed using SPSS version
20 (IBM, Armonk, NY, USA). The effects of lifestyle and phys-
ical parameters on semen parameters, chromatin status,
and ART outcomes were analyzed using binary and multi-
nomial logistic regression. P < 0.05 was considered statis-
tically significant.

To evaluate the effect of each feature/factor of men
on the chemical pregnancy rate, CorrelationAttributeEval
and Ranker modules of WEKA software were used.
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4. Results

4.1. Study Population

306 couples attending an infertility clinic to be treated
under IVF-ICSI cycles took part in the study. The mean age
of the women participating in the study was 31 ± 5.2 years
and there was no statistical difference in their age and BMI
(21.7 ± 3.8).

4.2. Lifestyle and Physical Factors Among Study Participants

The results showed that 28.1% of the study participants
were lower than 25 years old. Most of them were 26 - 35
years old (34.3%) and higher than 35 years old (37.5%). The
overweight (BMI: 25 - 29.9 kg/m2) was observed in 50.6%
of the participants, whereas 18.6% were obese (BMI: > 30
kg/m2) and 30.7% had normal weight (BMI: 18 - 24.9 kg/m2).
58.4% of the men used the cell phones more than one hour
per day and had physical activity more than once per week
(51.6%). In addition, abstinence before the semen analy-
sis was higher than three days in most of the studied men
(61.4%).

65.3% of the studied men were non-smokers and re-
paired varicocele was reported by 31.6% of the participants.
Most of the participants had non-everyday caffeine drink-
ing (49.6%).

4.3. The Effects of Lifestyle and Physical Factors on Semen Qual-
ity

Younger age (< 25 years) was negatively associated
with abnormal morphology (< 4%: P = 0.03 and 4% - 14%: P
= 0.001) and the percentage of sperm head abnormalities
(< 30%; P = 0.000 and 30% - 35%; P = 0.03) compared to the
men higher than 35-years-old. The age of 25 - 35 years also
showed declined head abnormalities of lower than 30% (P
= 0.001). Age (< 25 years) was also negatively associated
with lower motility (< 32%; P = 0.000), whereas it was pos-
itively related to the decrease in the percentage of spillage
(P = 0.017).

The overweight participants had declined sperm con-
centration (P = 0.05) and semen volume (P = 0.001). The
obesity was negatively associated with motile sperm cells
(P = 0.000).

Tobacco smoking was negatively related to normal
sperm morphology (P = 0.000). Repaired varicocele was
negatively associated with declined sperm concentration
(P = 0.05) and motile sperm cells (P = 0.000).

The abstinence time of lower than three days was nega-
tively related to the total sperm count (P = 0.02) compared
to the abstinence time of more than three days. Everyday
coffee drinking decreased the risk of total sperm count of
lower than 60 million (P = 0.03) compared to higher con-
sumption of caffeine (≥ 4 cups/d) (data not shown).

4.4. The Effects of Lifestyle and Physical Factors on Chromatin
Structure

Younger age (< 25 years) was significantly associated
with a decrease in abnormal chromatin condensation
(8.16%, P = 0.003). In addition, the men with normal weight
(BMI: 18.5 - 24.9) showed a significant association with a
decrease in damaged chromatin rate (P = 0.017). The re-
sults showed that smoking habits were positively associ-
ated with increased damaged chromatin (P = 0.000) in
comparison with non-smoker men (data not shown).

4.5. The Effects of Lifestyle and Physical Factors on Reproductive
Outcomes

A positive association was found between men with
age of lower than 25 years and good quality of embryos
(grade A: P = 0.001 and grade B: P = 0.000) compared to
other groups. The negative effects of lifestyle and physical
factors were obviously observed on pregnancy and abor-
tion rates (Table 1). As a result, the pregnancy rate signif-
icantly increased in men with age of lower than 25 years
in comparison with other groups (P = 0.02). In addition,
the percentage of abortion decreased in these groups sig-
nificantly (P = 0.002). A negative association was also ob-
served between being normal weight and abortion rate (P
= 0.000).

The results showed smoking men had a lower percent-
age of zygotes with high quality (Z1 degree: P = 0.001 and
Z2 degree: P = 0.005) compared to nonsmokers. Smoking
habit among the study participants was positively associ-
ated with abortion rate (P = 0.000). Moreover, a positive
association was found between caffeine consumption (≤ 1
cup/d) and grades of A and B quality of embryo (P = 0.03
and P = 0.02, respectively) compared to consuming more
than 4 cups/d. However, a negative association was found
between caffeine consumption (0 and≤ 1 cup/d) and abor-
tion rate (P = 0.000 and P = 0.001, respectively) (Table 1).

4.6. Factors Ranking

Another important experiment is to measure the ef-
fect of each feature/factor on male fertility potential. In
this way, CorrelationAttributeEval and Ranker modules
of WEKA software were used. Table 2 shows the effects
of different features/factors. The effect of smoking and
age weighed more than the effect of other parameters on
chemical pregnancy.

5. Discussion

This study was conducted to evaluate the semen qual-
ity and ART outcomes (such as fertilization rate, zygote and
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Table 1. The Effect of Physical Factors and Lifestyle on IVF-ET Outcomesa

Fertilization
Rate %

Zygote Degree, % Embryo Quality, % Biochemical
Pregnancy
Rate N/ET

(%)

Abortion
Rate

N/Beta+ (%)

Z1 Z2 Z3 Z4 A B C D

Age, y

< 25 58.7 29.1 46.4 14.2 10.2 28.8 39.0b 19.9 12.2 18/35c (51.4) 3/18c (16.6)

26 - 35 67 32.5 41.3 16.1 10 29.1 40.3c 20.7 9.82 40/99 (40.4) 10/40 (25)

> 35 63.1 28.1 36.9 19.2 15.7 12.4 38.3 24.1 25 36/101 (35.64) 13/36 (36.1)

BMI, kg m-2

18.5 - 24.9 67.19 28.65 32.6 25.96 12.79 32.45 37.6 12.9c 16.99 26/79 (32.91) 7/26b (26.92)

25 - 29.9 61.5 27.6 30.9 24.3 17.1 30.2 29.8 21.9 17.9 37/107 (34.5) 10/37 (27)

> 30 67.4 21 27.3 36.2 15.4 18.1 25.1 38.7 17.9 13/39 (33.33) 4/13 (30.7)

Tobacco smoking

Yes 64.5 14.2b 21.8d 32.2 31.8 24.6d 20d 31.7 23.5 18/64 (28.12) 8/18b (44.4)

No 65 29.6 34.7 19.6 16 39.1 34.1 18 8.66 58/166 (34.9) 5/58 (8.62)

Repaired varicocele

Yes 62.3 28.6 36 24.2 11 26.8 32.3 22.1 18.6 20/58 (34.48) 6/20 (30)

No 65.9 31.5 38.5 21.1 8.86 36.3 37.1 14.5 11.9 55/171 (32.1) 19/55 (34.5)

Using cell phones, ≥ 1
h/d

Yes 66 29.6 32.7 22.8 14.7 28.4 34.1 20.4 16.9 50/142 (35.2) 15/50 (30)

No 62.45 30.08 34.18 20.51 15.23 31.18 34.16 23.81 10.85 26/88 (29.54) 7/26 (26.92)

Physical activity, ≥
once/wk

Yes 62.7 34.91d 37.12d 13.76 14.21 30.01 32.92 19.36 17.71 39/120 (32.5) 12/39 (28.2)

No 66.8 24.65 26.06 19.32 29.97 23.45 24.9 23.02 28.63 38/109
(34.86)

11/38 (28.94)

Abstinence time, d

< 3 64.82 30.09 34.87 21.46 13.58 31.99 32.4b 22.06 13.52 36/97 (37.11) 9/36 (25)

> 3 65.15 26.78 29.76 28.13 15.33 27.5 31.16 26.83 14.51 37/118 (31.35) 14/37 (37.83)

Caffeine consumption,
cup/d

0 65.2 35.7 38 19.5 6.68 35.1 36.3 14.1 14.3 44/137 (32.1) 7/44b (15.9)

≤ 1 60.9 33.3 37.9 21 7.73 35.1c 39.2c 19.07 6.62 10/30 (33.3) 2/10b (20)

2 - 3 62 33.9 37.8 22.4 5.73 30.4 34.2 24.9 10.2 8/30 (26.66) 3/8 (37.5)

≥ 4 67.1 31.9 34.7 23 10.2 28.1 29.2 26.6 15.9 14/45 (31.11) 6/14 (42.8)

Abbreviations: BMI, body mass index; ET, embryo transfer; N, number.
aThere were significant relationships between lifestyle factors and fertilization rate, zygote and embryo quality and abortion rate.
bP value < 0.001.
cP value < 0.05.
dP value < 0.01.

embryo quality, and pregnancy and abortion rates) in re-
lation to different lifestyle and physical factors in infer-
tile men. We observed several findings in this study: (i)
The semen quality changed with lifestyle and physical fac-

tors such as age, BMI, varicocele treatment, tobacco smok-
ing, abstinence time, and caffeine consumption, (ii) the
lifestyle and physical factors affected the DNA integrity and
condensation, and (iii) the lifestyle and physical factors
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Table 2. The Effect of Different Features on Male Fertility Potentiala

Feature Effect (Biochemical Pregnancy Prediction)

Tobacco smoking 0.0795

Age 0.0554

BMI 0.0526

Caffeine consumption 0.0406

Ejaculation abstinence 0.0315

Physical activity 0.0271

Cell phones 0.0149

Repaired varicocele 0.0119

aThe effects of smoking, age, and BMI weighed more than the effects of other
parameters on biochemical pregnancy.

lead to changes in the ART outcomes (embryo quality and
spontaneously miscarriage rate, in particular).

In this study, a significant association was found be-
tween BMI and some semen parameters (i.e., sperm con-
centration and motility). A decrease in sperm concentra-
tion, as well as motility, was also revealed in men with over-
weight (high weight) compared to men with ideal weight
(BMI: 18.5 - 24.9 kg/m2). High BMI was also associated with
significantly increased damaged chromatin.

Our results, in accordance with those of other stud-
ies, indicate a positive association between male infertil-
ity and excessive body weight. For example, Jensen et al.
observed that low or high BMI and reduced semen qual-
ity were correlated with each other (5). This study also
showed that high BMI increased endocrine changes in re-
productive hormones (5). Hammoud et al. reported that
elevated BMI decreased sperm concentration and progres-
sive motility (4). In another study, a comparable differ-
ence was reported neither between elevated BMI and se-
men parameters nor between BMI and chromatin integrity
and condensation. On the other hand, chromatin integrity
was affected by aging (2). In this study, embryo quality de-
creased in men with elevated BMI (> 30 kg/m2). In addi-
tion, the abortion rate increased in these patients. It can be
inferred that elevated BMI may influence the semen qual-
ity and chromatin integrity so that its effect can be seen at
the embryonic development stages.

However, a negative relationship was also found be-
tween aging and some semen parameters (sperm con-
centration, normal morphology, head defects, spillage,
and abnormal chromatin condensation). Moreover, an in-
crease in age leads to a decrease in sperm motility. It is
in accordance with other studies, reporting an association
between decreased motility and chromatin disorders and
aging in men (2). The effect of aging was observed on
the male fertility potential so that the embryo quality and

pregnancy rate declined in older men (> 35-years-old) com-
pared to younger men (< 25-years-old). In addition, the
abortion rate increased in these participants.

In this study, no association was found between smok-
ing habit and sperm parameters while the evaluation of
the effects of smoking on male fertility showed that sperm
morphology and chromatin integrity decreased in the
men with smoking behavior. These results are in agree-
ment with those of previous studies that smoking has a
reverse relationship with sperm parameters (8). The de-
clined zygote and embryo quality and therefore, increased
the abortion rate were observed in couples with smoking
men.

A negative association was observed between the total
sperm count and lifestyle factors such as abstinence time
(< 3 days) and caffeine consumption. Increasing caffeine
consumption (more than 1 cup/d) led to decreased embryo
quality and increased abortion rate. A study has reported
that total testosterone and total/free estradiol increased
and decreased, respectively, in men consuming caffeine
(13). Therefore, hormonal changes arising from lifestyle
can affect the spermatogenesis process and influence the
male fertility potential (14).

In this study, the effects of varicocele treatment were
investigated through the following questions: (1) Does
sperm DNA damage decrease after varicocele treatment?
(2) Are semen parameters improved after varicocele treat-
ment? And (3) are assisted reproductive outcomes are im-
prove after varicocele treatment? The results showed that
chromatin damage and ART outcomes were improved, but
the sperm concentration and motility were declined in
these men.

5.1. Conclusion

Overall, data from this study indicated the significant
effects of modifiable man lifestyle and physical factors
(age, BMI, smoking habit, and caffeine consumption) on
IVF-ET outcomes: Embryo quality, pregnancy rate, and
abortion rate.

Conflicting results were obtained from this study at-
tempting to answer the question of whether or not the ef-
fects of lifestyle and physical factors are observed on as-
sisted reproductive outcomes including fertilization rate,
zygote and embryo quality, pregnancy rate, and sponta-
neously miscarriage rate. In conclusion, it can be said that
factors such as age, BMI, smoking habit, and high con-
sumption of caffeine can decrease the success of ART out-
comes.
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