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The present study was designed to investigate the relationships between indicators of male
body mass index (BMI), age, reproductive hormone levels, semen parameters, and the out-
comes of assisted reproductive technology (ART). The clinical data were collected from 636
couples who underwent ART between January, 2013 and December, 2015 at the reproduc-
tive center involved in our study. Pearson’s correlation or Spearman rank correlation was ap-
plied to establish the relevant correlation coefficients. The correlation between influence fac-
tors’ and pregnancy outcomes was analyzed using the Logistic regression model. Analyses
were conducted using SPSS software. Male BMI was found to be negatively correlated with
testosterone (T) (P<0.05), while follicle-stimulating hormone (FSH) was negatively correlated
with semen parameters (P<0.05). Luteinizing hormone (LH) was found to be negatively cor-
related with total sperm count, normal sperm morphology, and abortion (all P<0.05). Clinical
pregnancy was related to sperm concentration and female age (P<0.05), and live birth was
found to be associated only with female age (P<0.05). Male BMI was associated with the se-
cretion of reproductive hormones, but had no effect on sperm parameters or ART outcome.
A higher male age was also negatively connected with the outcome of clinical pregnancy.
Reproductive hormones were not associated with ART outcome. Sperm concentration and
female age were important factors influencing ART clinical pregnancy, while the only signif-
icant factor influencing live birth was female age. Levels of obesity-related inflammatory in-
dicators (i.e. free fatty acid (FFA), glutathione peroxidase (GSH-Px), human inhibin-B (IHNB),
interleukin-1 (IL-1), insulin-like growth factor-1 (IGF-1), and reactive oxygen species (ROS))
also varied with degrees of BMI. The present study provides information on the associations
between male reproductive characteristics and the outcome of ART, which may contribute
to improved strategies to help couples achieve better pregnancy outcomes.

Introduction
Infertility is defined as the failure of conceiving after 12 months of unprotected intercourse, and it affects
approximately 15% of couples trying to become pregnant [1,2]. Among couples between the age of 15–44
years old in the US, nearly 7.3 million women or their partners have sought infertility treatment services
from 2006–2010 [3]. Although epigenetic and genetic causes are both determinants of successful embryo
development, their effects on embryo quality from the male side have long been underestimated and in-
sufficiently investigated [4,5]. According to former research, it is apparent that the rate of infertility rises
with increased age in both males and females [6,7]. A previous case–cohort study reported the correla-
tion between age and serum hormones or sperm parameters [8]. Recent evidence also suggest that many
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factors including obesity, physical activity, even snuff consumption, and education level seemed to have accumulative
effects on sperm quality and the likelihood of pregnancy both spontaneously as well as after assisted reproductive
technology (ART) [9]. Studies have shown that male lifestyle characteristics including social habits and diet, energy
balance, hormonal deregulation, and spermatogenesis can all affect the sperm parameters and pregnancy of couples
undergoing intracytoplasmic sperm injection [4,10-13].

Obesity, which is roughly defined as a body mass index (BMI) of more than 30 kg/m2, has been reported to be neg-
atively associated with the reproductive capacity of both women and men [14,15]. Moreover, female obesity is found
to passively affect fertility in regards to anovulation, risk of polycystic ovary syndrome, hormonal disturbances, and
poor results after ART [16,17]. However, the relationships between male obesity and semen quality or outcome of
ART are still uncertain. Some studies showed that increased male BMI passively affected live birth after in vitro fer-
tilization treatments, while the correlation between BMI and live birth was less clear after intracytoplasmic sperm
injection treatments [18,19]. Hammiche et al. [20] also showed that high male BMI could detrimentally influence
sperm concentration and total mobile sperm count. It is suggested that obesity may influence male fertility by dis-
turbing sperm DNA integrity [21], sperm quality [20], and by affecting hormones [22]. In contrast, Petersen et al.
[19] found that there was little correlation between male BMI and sperm parameters, but that male BMI could affect
pregnancy rate by influencing the quality of embryos. Hence, it remained dubious whether the loss of weight in males
could improve assisted fertility success rates.

Besides this, reproductive hormone levels may have an important relationship with sperm quality and the chance of
conceiving, yet the extent research evidence was also conflicting. Uhler et al. [23] showed that there was no significant
relationship between reproductive hormones, including follicle-stimulating hormone (FSH), inhibin B, luteinizing
hormone (LH), testosterone (T), and pregnancy or time taken to achieve pregnancy. Lahoud et al. [24] found that
the addition of recombinant LH did not improve live birth or clinical pregnancy rates during IVF/ICSI. To the con-
trary, a meta-analysis showed that the addition of recombinant FSH may contribute to better successes in achieving
pregnancy in women with low ovarian response. Meeker et al. [25] also suggested that FSH and LH were negatively
correlated with sperm concentration, morphology, and motility, while inhibin B and free thyroxin (T4) were posi-
tively associated with sperm success parameters. Therefore, the mechanisms by which reproductive hormones such
as T, FSH, LH, prolactin (PRL), and estrogen (E2) affect sperm quality and ART outcomes must be investigated to
settle these existing uncertainties.

Finally, limited efforts have been made to elaborate the effects of possible risk factors on ART outcomes. Thus, we
undertook the present study to explore the relationships between BMI, male age, reproductive hormones and sperm
quality, clinical pregnancy, abortion, and live birth rate after intrauterine insemination (IUI).

Materials and methods
Subjects
The present study was conducted retrospectively at Shanghai Jiao Tong University Affiliated Sixth People’s Hospital
between January, 2013 and December, 2015. A total of 636 couples were enrolled in the present study. All participants
gave written informed consent. The serum reproductive hormone levels of 553 males were tested.

Semen analysis
Every male participant provided three semen samples by masturbation, collected in a wide mouthed plastic container
in a semen collection room at the reproductive center following a period of abstinence for 3–4 days. The semen sam-
ples were examined and processed according to the fifth edition of the World Health Organization (WHO) labora-
tory manual. Semen volume was calculated by aspiration into a graduated plastic beaker. Sperm concentration, total
sperm count, progressive motility rate, and total sperm motility were measured using a computer-aided sperm analy-
sis system (Beijing Weili New Century Technology Development Co., Ltd), and each sample contained more than 400
spermatozoa. The morphology of sperm was observed using modified Papannicolaou staining under a microscope
(100×) with assessment of at least 200 spermatozoa in each sample. Semen analysis was performed by two specialized
inspection technicians.

Examination of reproductive hormones and inflammatory indicators
Fasted blood samples were withdrawn from the cubital vein of participants before 10:00 a.m. Any drug which could
affect hormone levels was discontinued before blood sampling. After the separation of serum, the reproductive hor-
mones (i.e. FSH, LH, T, PRL, and E2) were detected with chemiluminescence (Beckman Company, U.S.A.). Testos-
terone secretion indexes (i.e. TSI and T/LH) and testosterone–estradiol ratios (i.e. TE2 and T/E2) were calculated.
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Reproductive hormone examination was also performed by two specialized inspection technicians. The ELISA kits
used in the measurement of free fatty acid (FFA), glutathione peroxidase (GSH-Px), human inhibin-B (IHNB),
interleukin-1 (IL-1), insulin-like growth factor-1 (IGF-1), and reactive oxygen species (ROS) were purchased from
the Xin’le Biology Ltd., Shanghai.

BMI distribution
The height and weight of male participants were measured using an automated measuring instrument at the repro-
ductive center. BMI was calculated according to the universal standard introduced by the World Health Organization
(WHO). The 636 males included were divided into four groups: 15 in the underweight group (BMI < 18.5 kg/m2),
369 in the normal group (BMI 18.5–24.9 kg/m2), 210 in the overweight group (BMI 25–29.9 kg/m2), and 42 in the
obese group (BMI > 30 kg/m2).

Therapeutic method
IUI or IVF was used in all included couples. Human chorionic gonadotropin (HCG) was measured 2 weeks after
the operation. An intrauterine sac observed by B-ultrasound at 4 weeks was defined as clinical pregnancy, and the
parturition and fetal characteristics were also recorded.

Post-operation follow-up
The cumulative clinical pregnancy rate = the number of pregnant couples/636, live birth rate = (the number of live
births)/(the total number of live births and still births), and abortion rate = the number of abortion couples/636. The
number of couples who achieved clinical pregnancy was 383, so the cumulative clinical pregnancy rate was 60.22%.
The occurrence of spontaneous abortion was 66, so the abortion rate was 10.38%. A total of 334 couples successfully
gave birth to 415 infants, so the cumulative birth rate was 52.52%.

Statistical analysis
The Statistical Program for Social Science (SPSS 21.0) was used to complete statistical analyses. Quantitative data were
normally distributed (Shapiro–Wilk test). Data in normal distribution were presented as mean +− standard deviation
(mean +− SD), and those data not in normally distribution were expressed as median and quartile [Median (P25–P75)].
A t-test or nonparametric test was applied to determine the significance of differences. Frequency (constituent ra-
tio) (F (%)) was used to describe categorical variables, and rank-sum test was used to characterize the significance
of differences among groups. Applications of Pearson’s correlation or Spearman rank correlation were established
to correlation coefficients. The associations of influence factors with pregnancy outcomes were analyzed using the
logistic regression model. Differences were considered statistically significant when P-value was found to be <0.05.

Results
Baseline data analysis
The baseline data of the patients are given in Table 1.

Association between BMI and baseline characteristics
It was observed that significant differences were found in between BMI and male age, T, TSI, and TE2 (P<0.05), yet
no significant differences were identified in sperm volume, sperm concentration, total sperm amount, normal sperm
morphology, total sperm motility, FSH, LH, PRL, and E2 (P>0.05, Table 2). It was shown that levels of obesity-related
inflammatory indicators (i.e. FFA, GSH-Px, IHNB, IL-1, IGF-1, and ROS) were statistically quite distinct among
patients classified in different BMI groups (P<0.05) (Table 3).

Furthermore, we found that BMI, T, and TSI were negatively correlated respectively (P<0.05). No statistically sig-
nificant relationships were found between BMI and sperm parameters, other reproductive hormones, clinical preg-
nancy, abortion, or live birth rate (P>0.05) (Table 2). The correlations between T, TSI, and BMI were analyzed using
the linear regression model, with T and TSI having a negative correlation with BMI (P<0.05) (Figure 1).

Association between male age and baseline characteristics
Six-hundred and thirty-six participants were divided into four groups based on their BMI as follows: 15 people in
group 1 (17.4–18.3), 369 in group 2 (21.2–24.3), 210 in group 3 (25.6–27.7), and 42 in group 4 (30.4–32.9). Accord-
ingly, we found statistically significant differences in infertility duration, progressive motility rate, sperm volume,
sperm motility, FSH, T, and PRL (P<0.05) (Table 4).
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Table 1 Baseline characteristics of the participants

Factors Mean +− SD, median (P25–P75), or frequency (%)

Male age (years) 33.56 +− 5.72

22–29 160 (25.16%)

30–34 234 (36.79%)

35–39 145 (22.8%)

>40 97 (15.25%)

Infertility years 3.0 (2.0–5.0)

Smoking amount (/day)

0 426 (66.98%)

1–10 127 (19.97%)

11–20 74 (11.64%)

21–40 9 (1.42%)

Height (cm) 172 (170–176)

Weight (kg) 70 (65–80)

BMI (kg/cm2) 22.2 (22.0–26.3)

<18.5 15 (2.36%)

18.5–24.9 369 (58.02%)

25–29.9 209 (32.86%)

>30 43 (6.76%)

Abstinence days 4 (3–5)

Sperm volume (ml) 3.6 (2.6–4.6)

Sperm concentration (106/ml) 42.56 (24.93–71.12)

Total sperm amount (106/ml) 153.18 (84.38–253.08)

Normal sperm morphology rate (%) 3.0 (2.3–4.1)

Progressive motility rate (%) 36.54 (24.02–48.12)

Total sperm motility (%) 43.19 (28.51–57.21)

FSH (IU/l) 4.38 (3.24–5.86)

LH (IU/l) 3.22 (2.36–4.51)

T (ng/ml) 3.35 (2.59–4.42)

PRL (ng/ml) 8.43 (6.19–11.51)

E2 (pg/ml) 31.29 (24.00–38.52)

TSL 1.07 (0.74–1.51)

TE2 0.11 (0.08–0.16)

Female age (year) 31.50 +− 4.68

2 81 (12.74%)

E2, estrogen; TE2, testosterone–estradiol ratio, T/E2; TSI, testosterone secretion index, T/LH.

Figure 1. Linear regression analyses between T, TSI, and BMI

(A) Relationship between BMI and T. (B) Relationship between BMI and TSI; TSI, testosterone secretion index from T/LH.
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Table 2 Nonparametric tests for baseline characteristics based on BMI categories

Variable Group Z-test P-value
1 (N=15) 2 (N=369) 3 (N=210) 4 (N=42)

Male age (years) 29 (25–32) 32 (29–36) 33 (30–37) 33 (28–36) 10.414 0.015

Infertility years 3 (2–5) 3 (2–5) 3 (2–4) 3 (2–5) 0.812 0.847

Sperm volume (ml) 4.2 (2.5–5.3) 3.7 (2.7–4.8) 3.4 (2.5–4.3) 3.2 (2.6–4.1) 6.711 0.082

Sperm concentration
(106/ml)

40.42 (20.7–65.0) 42.54 (24.95–68) 42.76 (25.00–73.92) 45.65 (24.00–86.53) 0.981 0.806

Total sperm amount
(106/ml)

104.86 (69.7–245.1) 161.57 (88.2–254.1) 153.18 (76.62–249.90) 121.8 (76.8–332.1) 1.434 0.697

Normal sperm
morphology rate (%)

3.5 (2.4–4.4) 3.0 (2.1–4.0) 3.3 (2.4–4.4) 3.1 (2.4–4.0) 1.787 0.618

Progressive motility
rate (%)

36.49 (24.61–54.65) 35.95 (23.35–47.85) 36.32 (23.66–49.71) 40.10 (26.97–46.58) 1.536 0.674

Total sperm motility (%) 38.40 (30.91–63.22) 42.49 (28.39–58.65) 44.16 (26.83–58.21) 47.94 (33.66–55.60) 1.249 0.741

FSH (IU/l) 3.92 (3.16–5.58) 4.33 (3.22–5.88) 4.47 (3.21–5.82) 4.57 (3.43–6.38) 1.000 0.801

LH (IU/l) 3.11 (2.07–3.72) 3.22 (2.46–4.60) 3.16 (2.2–4.37) 3.35 (2.43–4.56) 3.334 0.343

T (ng/ml) 4.87 (3.23–7.52) 3.78 (2.82–5.01) 2.90 (2.44–3.63) 2.61 (2.22–3.33) 64.823 0.000

PRL (ng/ml) 6.81 (5.61–16.29) 8.45 (6.14–11.59) 8.45 (6.36–11.33) 8.08 (6.00–11.72) 0.205 0.977

E2 (pg/ml) 35.12 (19.01–41.23) 30.99 (24.00–39.36) 30.99 (22.98–37.15) 35.34 (27.71–43.18) 5.500 0.139

TSI 1.66 (0.92–2.73) 1.14 (0.84–1.59) 0.98 (0.67–1.38) 0.76 (0.57–1.26) 24.371 0.000

TE2 0.13 (0.10–0.23) 0.13 (0.09–0.18) 0.10 (0.07–0.13) 0.08 (0.06–0.11) 42.794 0.000

E2, estrogen; TE2, testosterone–estradiol ratio, T/E2; TSI, testosterone secretion index, T/LH; BMI-based grouping was finally presented as: group 1
[median: 28; range (P25–P75): 26.25–29.00], group 2 [median: 32; range (P25–P75): 31–33], group 3 [median: 36; range (P25–P75): 35.0–37.5], and
group 4 [median: 43; range (P25–P75): 41.0–45.5].

Table 3 Comparison of obesity-related inflammatory indicators of FFA, GSH-Px, IHNB, IL-1, IGF-1, and ROS within seminal
plasma

Variable Group P-value
1 (N=15) 2 (N=369) 3 (N=210) 4 (N=42)

FFA (ng/ml) 306.05 +− 120.20 278.91 +− 95.78 428.69 +− 107.12 476.21 +− 117.35 <0.001

GSH-Px (U/ml) 101.85 +− 17.86 93.38 +− 24.05 76.45 +− 27.64 67.58 +− 23.85 <0.001

IHNB (ng/l) 28.24 +− 11.03 24.49 +− 8.94 38.47 +− 9.33 38.72 +− 11.16 <0.001

IL-1 (ng/l) 35.38 +− 10.57 39.44 +− 12.37 51.12 +− 11.20 51.26 +− 10.75 <0.001

IGF-1 (ng/ml) 86.58 +− 41.94 115.42 +− 49.16 145.92 +− 76.56 167.22 +− 55.90 <0.001

ROS (U/l) 350.40 +− 107.34 319.38 +− 156.31 567.58 +− 204.80 650.34 +− 194.64 <0.001

BMI-based grouping was finally presented as: group 1 [median: 28; range (P25–P75): 26.25–29.00], group 2 [median: 32; range (P25–P75): 31–33], group
3 [median: 36; range (P25–P75): 35.0–37.5], and group 4 [median: 43; range (P25–P75): 41.0–45.5].

We also found that male age was associated with infertility duration, abstinence frequency, sperm concentration,
total sperm motility, progressive motility rate, FSH, TSI, female age, clinical pregnancy, live birth rate, and the number
of live births (P<0.05) (Table 5). Among all the associated significant factors, the progressive mobility rate, total
mobility, TSI, clinical pregnancy, number of live birth rate, and number of live births were found to be negatively
correlated with male age, while the other factors were correlated positively with male age (P<0.05).

Association between reproductive hormones and baseline characteristics
Statistically significant relationships were found between reproductive hormones and male age, BMI, sperm parame-
ters, and ART outcome (Table 6). We found that FSH was negatively associated with sperm parameters, such as total
sperm amount, sperm concentration, total sperm motility, progressive motility rate, and normal sperm morphology
rate (P<0.05).

In addition to this, LH was found to be negatively correlated with total sperm count, normal sperm morphology
rate, and abortion (P<0.05); while T had no relationship with sperm parameters, but was positively related with the
number of live births (P<0.05). Figure 2 shows the relationships between reproductive hormones (i.e. FSH, LH, and
T) and sperm count or sperm motility.
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Table 4 Nonparametric tests for baseline characteristics based on male age categories

Variable Group Z-test P-value
1 (N=15) 2 (N=369) 3 (N=210) 4 (N=42)

BMI (kg/cm2) 18 (17.4–18.3) 22.6 (21.2–24.3) 26.5 (25.6–27.7) 31.1 (30.4–32.9) 6.719 0.081

Infertility years 2.25 (2–3) 3 (2–4) 4 (2.00–7.25) 4 (2–6) 58.124 0.000

Sperm volume (ml) 3.75 (2.73–4.80) 3.60 (2.68–4.90) 3.60 (2.55–4.60) 3.2 (2.2–3.9) 11.423 0.010

Sperm concentration
(106/ml)

38.62 (24.85–63.00) 41.55 (24.00–68.73) 49.00 (26.64–83.16) 42.76 (21.99–77.14) 4.947 0.176

Total sperm amount
(106/ml)

148.41 (84.74–243.90) 153.18 (83.49–262.40) 167.70 (96.46–265.30) 148.80 (71.82–221.93) 4.429 0.219

Normal sperm
morphology rate (%)

3.0 (2.3–4.3) 3.1 (2.4–4.0) 3.4 (2.1–4.2) 3.0 (2.0–4.0) 0.545 0.909

Progressive motility
rate (%)

38.06 (24.81–48.21) 38.58 (26.93–50.00) 35.50 (23.96–47.30) 28.19 (17.36–45.13) 16.629 0.001

Total sperm motility (%) 43.52 (29.04–57.65) 46.15 (32.65–58.86) 41.74 (30.43–56.97) 33.53 (21.03–52.42) 14.154 0.003

FSH (IU/l) 4.21 (2.98–5.60) 4.02 (3.09–5.33) 4.41 (3.35–5.70) 5.86 (4.45–7.40) 37.393 0.000

LH (IU/l) 3.12 (2.29–4.34) 3.23 (2.29–4.52) 3.22 (2.37–4.41) 3.26 (2.46–4.66) 0.221 0.974

T (ng/ml) 3.42 (2.68–4.64) 3.34 (2.56–4.50) 3.45 (2.60–4.72) 3.03 (2.38–3.86) 8.24 0.041

PRL (ng/ml) 8.88 (6.45–12.30) 9.05 (6.47–11.79) 6.87 (5.49–9.09) 8.08 (6.47–12.29) 21.81 0.000

E2 (pg/ml) 32.77 (24.90–41.33) 31.10 (23.02–37.00) 32.55 (24.04–40.20) 29.07 (21.03–36.10) 6.543 0.088

TSI 1.14 (0.72–1.57) 1.08 (0.76–1.60) 1.11 (0.72–1.62) 0.98 (0.72–1.23) 5.664 0.129

TE2 0.11 (0.08–0.17) 0.11 (0.09–0.16) 0.11 (0.08–0.16) 0.11 (0.08–0.16) 1.979 0.577

TE2, testosterone–estradiol ratio, T/E2; TSI, testosterone secretion index, T/LH; Male age-based grouping was finally presented as: group 1 [median:
18.0; range (P25–P75): 17.4–18.3], group 2 [median: 22.6; range (P25–P75): 21.2–24.3], group 3 [median: 26.5; range (P25–P75): 25.6–27.7], and group
4 [median: 31.1; range (P25–P75): 30.4–32.9].

Table 5 Correlation analysis between baseline characteristics and reproductive hormones

Variables Statistics FSH LH T PRL E2 TSI TE2

Sperm volume r −0.028 −0.081 −0.008 0.020 −0.043 0.048 −0.067

P 0.518 0.062 0.860 0.638 0.327 0.273 0.122

Sperm
concentration

r −0.199 −0.082 0.023 −0.060 0.075 0.056 −0.005

P 0.000 0.058 0.598 0.168 0.083 0.194 0.910

Total sperm
amount

r −0.197 −0.144 0.000 −0.049 0.074 0.105 −0.044

P 0.000 0.001 0.992 0.255 0.088 0.016 0.309

Sperm
morphology rate

r −0.110 −0.086 −0.036 0.028 −0.040 0.034 −0.020

P 0.011 0.048 0.409 0.512 0.363 0.436 0.641

Progressive
motility rate

r −0.137 −0.076 −0.051 0.022 −0.021 0.001 −0.047

P 0.002 0.081 0.237 0.614 0.632 0.981 0.283

Total sperm
motility

r −0.158 −0.084 −0.043 0.000 −0.013 0.012 −0.045

P 0.000 0.053 0.319 0.996 0.762 0.775 0.295

Clinical
pregnancy

r −0.060 0.008 0.067 −0.065 0.025 0.073 0.039

P 0.170 0.849 0.121 0.137 0.571 0.091 0.367

Abortion r −0.044 −0.292 −0.204 0.048 −0.033 0.185 −0.140

P 0.750 0.029 0.131 0.727 0.808 0.172 0.304

Number of live
birth

r −0.064 0.022 0.048 −0.043 0.005 0.038 0.032

P 0.141 0.608 0.271 0.941 0.913 0.385 0.467

Live birth r −0.078 0.043 0.086 −0.035 0.033 0.058 0.046

P 0.070 0.326 0.048 0.414 0.447 0.182 0.285

E2, estrogen; TE2, testosterone–estradiol ratio, T/E2; TSI, testosterone secretion index, T/LH; r, correlation coefficient; P, P-value.
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Table 6 Correlation analysis between baseline characteristics and clinical pregnancy

Variables Pearson’s coefficient P-value

Male age −0.099 0.013

Infertility years −0.073 0.064

Smoking amount 0.027 0.504

Abstinence days −0.02 0.613

Sperm volume −0.069 0.080

Sperm concentration 0.093 0.020

Total sperm amount 0.072 0.069

Normal sperm morphology rate −0.001 0.975

Progressive motility rate 0.071 0.074

Total sperm motility 0.069 0.082

Female age −0.127 0.001

Obesity ref ref

E2, estrogen; TE2, testosterone–estradiol ratio, T/E2; TSI, testosterone secretion index, T/LH.

Figure 2. Linear regression analyses of total sperm count and motility with FSH, LH, and T

(A) Association between total sperm count and FSH; (B) association between total sperm count and LH; (C) association between total sperm

count and T; (D) association between total motility and FSH; (E) association between total motility and LH; (F) association between total

motility and T.

Association between clinical pregnancy success and baseline
characteristics
When compared with clinical pregnancy outcome, statistically significant differences were found in male age, female
age, and sperm concentration (P<0.05), while no statistically significant differences in the relations between infer-
tility years, smoking history, abstinence frequency, sperm volume, total sperm count or other sperm parameters, and
reproductive hormones were observed (P>0.05) (Table 6).
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Table 7 Logistic regression analysis of clinical pregnancy outcome

Factors Unadjusted P Adjusted P OR

Male age 0.013 0.747 –

Sperm concentration 0.020 0.021 1.005

Female age 0.001 0.022 0.957

OR: odds ratio.

Table 8 Correlation analysis between baseline characteristics and live birth

Variables Pearson’s coefficient P-value

Male age −0.123 0.002

Infertility years −0.093 0.018

Smoking amount 0.019 0.636

Abstinence days −0.017 0.669

Sperm volume −0.047 0.240

Sperm concentration 0.072 0.069

Total sperm amount 0.064 0.108

Normal sperm morphology rate 0.024 0.550

Progressive motility rate 0.078 0.049

Total sperm motility 0.074 0.061

Female age −0.156 0.000

Obesity ref ref

E2, estrogen; TE2, testosterone–estradiol ratio, T/E2; TSI, testosterone secretion index, T/LH.

Table 9 Logistic regression analysis of live birth

Factors Unadjusted P Adjusted P OR

Male age 0.002 0.998 –

Infertility years 0.018 0.582 –

Progressive motility rate 0.049 0.232 –

T 0.048 0.058 –

Female age 0.000 0.002 0.941

T: testosterone.

The logistic regression analysis of clinical pregnancy outcomes aimed at investigating the correlation between male
age, sperm concentration, female age, and the clinical pregnancy outcome demonstrated that only female age and
sperm concentration had effects on clinical pregnancy outcomes (Table 7).

Association between live births and baseline characteristics
To investigate the correlation between the relevant factors and live birth rates, we compared the live birth couples and
the stillbirth couples, suggesting that higher male age, duration of infertility, and higher female age were all negatively
correlated with live birth (P<0.05). No statistically significant association between smoking history, other sperm
parameters, reproductive hormones, and live birth was observed (P>0.05) (Table 8).

The logistic regression analysis was conducted to predict the correlation between the related factors and live birth,
showing that only female age had substantial effects on live birth (Table 9).

Discussion
At present, there are many conflicting evidence regarding the relationship between male BMI and sperm quality
or ART outcome. Hence, the present study purposed to explore the respective associations of male age, BMI, and
reproductive hormones with sperm parameters, clinical pregnancy, abortion, and live birth. After comprehensively
analyzing the influencing factors and the outcome of pregnancy, we found that sperm quality and obesity-related
inflammatory factors differed among groups with diverse levels of BMI, and only female age and sperm concentration
were seen to affect the likelihood of pregnancy, as well as live birth.

8 c© 2017 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
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It was shown that obesity-related inflammatory factors, namely FFA, GSH-Px, IHNB, IL-1, IGF-1, and ROS within
seminal plasma, were discrepant in levels among groups with diverse levels of BMI, while no significant correlation
was found between male BMI and sperm volume, concentration, amount, morphology, or motility [26,27]. In fact,
IGF-1 has been found to elevate responses of the mesenchymal cells to HCG, through the increase in LH receptors on
the surface of mesenchymal cells and the facilitation of additional cellular enzymes, finally affecting spermatogenesis
and spermioteleosis [28]. GSH-Px was also instrumental in the initial stage of mitotic segregation of spermatogenesis,
since it can limit the damage caused by ROS on sperm. It has also been demonstrated that IHNB was positively
associated with the size of testes, and IHNB was actually an indicator of the spermatogenic ability [29]. Aside from this,
cytokines such as IL-1, IL-6, and tumor necrosis factor (TNF) can lessen sperm motility and decrease the likelihood of
sperm reaching the ovum, further contributing to infertility in males [30]. However, previous studies have tended to
derive the conclusion that obesity is not associated with sperm quality, though one reported that men with BMI > 25
kg/m2 had fewer chromatin-intact normal-motile sperm cells per ejaculation [19,20,31]. Another study showed that a
high male BMI could detrimentally influence sperm concentration and total mobile sperm count [20]. These studies
simply summarized obesity as a BMI index value, but the use of BMI index to identify obesity is overly simplistic,
as its related inflammatory factors could also be taken to represent obesity. Moreover, these studies did not involve
other sperm quality parameters, such as semen volume, sperm morphology, sperm motility, and hormone levels.
Furthermore, there was no significant change in sperm quantity but substantial decreases in mobility with increased
age. In terms of hormones, FSH decreased with age, and male age was closely associated with sperm quality [32]. In
contrast, Paasch et al. [8] demonstrated that higher age was correlated negatively with sperm parameters and serum
hormones T and inhibin-B, but positively correlated with serum hormone FSH. These inconsistent results may be
due to different treatment in our cohorts—for example, the infertility couples did not receive ART in their studies,
but received ART in ours.

In this research, FSH had a negative correlation with sperm quality indicators such as total sperm count, sperm
concentration, motility and morphology, and LH negatively affected total sperm count and morphology. Nonetheless,
FSH, LH, Inhibin B, and T4 levels all were reported to be associated with sperm parameters including concentration,
morphology, and motility [33-35]. This distinction may be attributed to the fact that their research was not based on
hormone levels after ART, which implied the correlation between hormones level and infertility, but FSH, as a feasible
treatment for infertility, may improve sperm DNA fragmentation and pregnancy success rate [36].

As for the critical factors affecting clinical pregnancy success and live birth, multiple regression analyses concluded
that there was a negative association between higher female age and the chance of pregnancy, as well as live birth, while
pregnancy could be seen to benefit from sperm concentration. Consistently, the cumulative live birth rate among older
women was lower than that among younger women using vitrified blastocysts, suggesting that female age adversely
influenced live birth rates [37]. It has also been strongly suggested that sperm concentration positively affects the
likelihood of achieving pregnancy [38,39]. However, in the present study, we did not investigate whether or not female
obesity could affect pregnancy and live birth after ART treatment, while another study showed that high female BMI
indeed adversely affected live birth with the use of autologous oocytes, especially among women <35 years of age
[17].

Our study assessed diverse factors influencing pregnancy and live birth. However, we have to acknowledge a few
limitations in our study including its retrospective design and lack of uniformity between groups in the male par-
ticipants who presented with potential causes of infertility. Therefore, we used multivariable analysis to control fac-
tors that covary with male BMI and clinical pregnancy for the purpose of minimizing latent unknown confounders.
Besides, more indicators which could signify obesity other than solely BMI should be explored regarding their rela-
tionship with ABT outcomes so that potential predictors can be discovered and treatment methods more effectively
managed. At last, the study of other female characteristics apart for age would almost certainly contribute to the
comprehension of pregnancy outcomes of ART.

In summary, female age and sperm concentration were relevant factors affecting the likelihood of achieving preg-
nancy, and BMI is closely correlated with reproductive hormones but not sperm concentrations. Specifically, the
correlation between reproductive characteristic and male BMI indicates that obesity will not impact ART outcomes
significantly. The present study provides information on the associations between male reproductive characteris-
tics and the outcome of ART, which may help couples achieve better pregnancy outcomes. However, further large
ART-related cohort studies should still be conducted concentrating on the correlation between obesity and the like-
lihood of pregnancy and live birth.

c© 2017 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution Licence 4.0 (CC BY).

9

D
ow

nloaded from
 http://portlandpress.com

/bioscirep/article-pdf/37/3/BSR
20170095/430293/bsr-2017-0095.pdf by guest on 23 M

ay 2023



Bioscience Reports (2017) 37 BSR20170095
DOI: 10.1042/BSR20170095

Informed Consent
Informed consent was obtained from all individual participants included in the present study.

Ethical Approval
All procedures performed in studies involving human participants were done so in accordance with the ethical standards of the
relevant institutional and/or national research committees.

Funding
The authors declare that there are no sources of funding to be acknowledged.

Author Contribution
Zhangshun Liu designed the research and drafted the original manuscript; Xiaohong Shi also participated in the manuscript draft-
ing; Lihong Wang and Yan Yang analyzed the data; Qiang Fu and Minfang Tao approved the final version of this manuscript.

Competing Interests
The authors declare that there are no competing interests associated with the manuscript.

Abbreviations
ART, assisted reproductive technology; BMI, body mass index; FFA, free fatty acid; FSH, follicle-stimulating hormone; GSH-Px,
glutathione peroxidase; HCG, human chorionic gonadotropin; IGF-1, insulin-like growth factor-1; IHNB, human inhibin-B; IL-1,
interleukin-1; IUI, intrauterine insemination; LH, luteinizing hormone; PRL, prolactin; ROS, reactive oxygen species; TSI, testos-
terone secretion index, T/LH.

References
1 Dyer, S.J. (2009) International estimates on infertility prevalence and treatment seeking: potential need and demand for medical care. Hum. Reprod.

24, 2379–2380, author reply 2380-2373
2 Lindsay, T.J. and Vitrikas, K.R. (2015) Evaluation and treatment of infertility. Am. Fam. Physician. 91, 308–314
3 Chandra, A., Copen, C.E. and Stephen, E.H. (2014) Infertility service use in the United States: data from the National Survey of Family Growth,

1982-2010. Natl. Health Stat. Report 1–21
4 Jenkins, T.C., Aston, K.I. and Meyer, T. (2015) The sperm epigenome, male aging, and potential effects on the embryo. Adv Exp Med Biol 81–93
5 Aston, K.I., Uren, P.J., Jenkins, T.G., Horsager, A., Cairns, B.R., Smith, A.D. et al. (2015) Aberrant sperm DNA methylation predicts male fertility status

and embryo quality. Fertil. Steril. 104, 1388–1397, e1381–1385
6 Belloc, S., Hazout, A., Zini, A., Merviel, P., Cabry, R., Chahine, H. et al. How to overcome male infertility after 40: Influence of paternal age on fertility.

Maturitas 78, 22–29
7 Mottla, G.L., Richter, K.S., Kaplan, B., Hayward, B. and Mahony, M.C. Treatment decision trends in the infertility patient journey from 78,958 cycles in a

real-world database: impact of age, diagnosis, and year of treatment. Fertil. Steril. 107, e41
8 Paasch, U., Grunewald, S., Kratzsch, J. and Glander, H.J. (2010) Obesity and age affect male fertility potential. Fertil. Steril. 94, 2898–2901
9 Parn, T., Grau Ruiz, R., Kunovac Kallak, T., Ruiz, J.R., Davey, E., Hreinsson, J. et al. (2015) Physical activity, fatness, educational level and snuff

consumption as determinants of semen quality: findings of the ActiART study. Reprod. Biomed. Online 31, 108–119
10 Braga, D.P., Halpern, G., Figueira Rde, C., Setti, A.S., Iaconelli, Jr, A. and Borges, Jr, E. (2012) Food intake and social habits in male patients and its

relationship to intracytoplasmic sperm injection outcomes. Fertil. Steril. 97, 53–59
11 Oliveira, P.F., Sousa, M., Silva, B.M., Monteiro, M.P. and Alves, M.G. (2017) Obesity, energy balance and spermatogenesis. Reproduction 153,

R173–R185
12 Martins, A.D., Sa, R., Monteiro, M.P., Barros, A., Sousa, M., Carvalho, R.A. et al. (2016) Ghrelin acts as energy status sensor of male reproduction by

modulating Sertoli cells glycolytic metabolism and mitochondrial bioenergetics. Mol. Cell Endocrinol. 434, 199–209
13 Martins, A.D., Moreira, A.C., Sa, R., Monteiro, M.P., Sousa, M., Carvalho, R.A. et al. (2015)) Leptin modulates human Sertoli cells acetate production and

glycolytic profile: a novel mechanism of obesity-induced male infertility? Biochim. Biophys. Acta 1852, 1824–1832
14 Grace, M., Birrell, M.A., Dubuis, E., Maher, S.A. and Belvisi, M.G. (2012) Transient receptor potential channels mediate the tussive response to

prostaglandin E2 and bradykinin. Thorax 67, 891–900
15 Nieto-Garcia, F.J., Bush, T.L. and Keyl, P.M. (1990) Body mass definitions of obesity: sensitivity and specificity using self-reported weight and height.

Epidemiology 1, 146–152
16 Loret de Mola, J.R. (2009) Obesity and its relationship to infertility in men and women. Obstet. Gynecol. Clin. North Am. 36, 333–346, ix
17 Luke, B., Brown, M.B., Stern, J.E., Missmer, S.A., Fujimoto, V.Y., Leach, R. et al. (2011) Female obesity adversely affects assisted reproductive

technology (ART) pregnancy and live birth rates. Hum. Reprod. 26, 245–252
18 Anifandis, G., Dafopoulos, K., Messini, C.I., Polyzos, N. and Messinis, I.E. (2013) The BMI of men and not sperm parameters impact on embryo quality

and the IVF outcome. Andrology 1, 85–89

10 c© 2017 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution Licence 4.0 (CC BY).

D
ow

nloaded from
 http://portlandpress.com

/bioscirep/article-pdf/37/3/BSR
20170095/430293/bsr-2017-0095.pdf by guest on 23 M

ay 2023



Bioscience Reports (2017) 37 BSR20170095
DOI: 10.1042/BSR20170095

19 Petersen, G.L., Schmidt, L., Pinborg, A. and Kamper-Jorgensen, M. (2013) The influence of female and male body mass index on live births after
assisted reproductive technology treatment: a nationwide register-based cohort study. Fertil. Steril. 99, 1654–1662

20 Hammiche, F., Laven, J.S., Twigt, J.M., Boellaard, W.P., Steegers, E.A. and Steegers-Theunissen, R.P. (2012) Body mass index and central adiposity are
associated with sperm quality in men of subfertile couples. Hum. Reprod. 27, 2365–2372

21 Chavarro, J.E., Toth, T.L., Wright, D.L., Meeker, J.D. and Hauser, R. (2010) Body mass index in relation to semen quality, sperm DNA integrity, and
serum reproductive hormone levels among men attending an infertility clinic. Fertil. Steril. 93, 2222–2231

22 Hadjkacem Loukil, L., Hadjkacem, H., Bahloul, A. and Ayadi, H. (2015) Relation between male obesity and male infertility in a Tunisian population.
Andrologia 47, 282–285

23 Uhler, M.L., Zinaman, M.J., Brown, C.C. and Clegg, E.D. (2003) Relationship between sperm characteristics and hormonal parameters in normal
couples. Fertil. Steril. 79, 1535–1542

24 Lahoud, R., Ryan, J., Illingworth, P., Quinn, F. and Costello, M. (2017) Recombinant LH supplementation in patients with a relative reduction in LH levels
during IVF/ICSI cycles: a prospective randomized controlled trial. Eur. J. Obstetrics Gynecol. Reprod. Biol. 210, 300–305

25 Meeker, J.D., Godfrey-Bailey, L. and Hauser, R. (2007) Relationships between serum hormone levels and semen quality among men from an infertility
clinic. J. Androl. 28, 397–406

26 Relwani, R., Berger, D., Santoro, N., Hickmon, C., Nihsen, M., Zapantis, A. et al. (2011) Semen parameters are unrelated to BMI but vary with SSRI use
and prior urological surgery. Reprod. Sci. 18, 391–397

27 Ploix, M.A., Guy, P., Chassignole, B., Moysan, J., Corneloup, G. and El Guerjouma, R. (2014) Measurement of ultrasonic scattering attenuation in
austenitic stainless steel welds: realistic input data for NDT numerical modeling. Ultrasonics 54, 1729–1736

28 Pete, G., Fuller, C.R., Oldham, J.M., Smith, D.R., D’Ercole, A.J., Kahn, C.R. et al. (1999) Postnatal growth responses to insulin-like growth factor I in
insulin receptor substrate-1-deficient mice. Endocrinology 140, 5478–5487

29 O’Connor, A.E. and De Kretser, D.M. (2004) Inhibins in normal male physiology. Semin. Reprod. Med. 22, 177–185
30 Gruschwitz, M.S., Brezinschek, R. and Brezinschek, H.P. (1996) Cytokine levels in the seminal plasma of infertile males. J. Androl. 17, 158–163
31 Kort, H.I., Massey, J.B., Elsner, C.W., Mitchell-Leef, D., Shapiro, D.B., Witt, M.A. et al. (2006) Impact of body mass index values on sperm quantity and

quality. J. Androl. 27, 450–452
32 Sharma, R., Agarwal, A., Rohra, V.K., Assidi, M., Abu-Elmagd, M. and Turki, R.F. (2015) Effects of increased paternal age on sperm quality, reproductive

outcome and associated epigenetic risks to offspring. Reprod. Biol. Endocrinol. 13, 35
33 Barbotin, A.L., Ballot, C., Sigala, J., Ramdane, N., Duhamel, A., Marcelli, F. et al. (2015) The serum inhibin B concentration and reference ranges in

normozoospermia. Eur. J. Endocrinol. 172, 669–676
34 Ibrahim, E., Aballa, T.C., Roudebush, W.E., Lynne, C.M. and Brackett, N.L. (2015) Inhibin B is lower and anti-Mullerian hormone is similar in serum of

men with spinal cord injuries compared to controls. Syst. Biol. Reprod. Med. 61, 72–77
35 Wdowiak, A., Raczkiewicz, D., Stasiak, M. and Bojar, I. (2014) Levels of FSH, LH and testosterone, and sperm DNA fragmentation. Neuro Endocrinol.

Lett. 35, 73–79
36 Garolla, A., Ghezzi, M., Cosci, I., Sartini, B., Bottacin, A., Engl, B. et al. (2016) FSH treatment in infertile males candidate to assisted reproduction

improved sperm DNA fragmentation and pregnancy rate. Endocrine 56, 416–425
37 Wu, C.H., Lee, T.H., Chen, H.H., Chen, C.I., Huang, C.C. and Lee, M.S. (2015) The influence of female age on the cumulative live-birth rate of fresh

cycles and subsequent frozen cycles using vitrified blastocysts in hyper-responders. Taiwan J. Obstet. Gynecol. 54, 567–571
38 Peng, J., Zhang, Z., Cui, W., Yuan, Y., Song, W., Gao, B. et al. (2015) Spontaneous pregnancy rates in Chinese men undergoing microsurgical

subinguinal varicocelectomy and possible preoperative factors affecting the outcomes. Fertil. Steril. 103, 635–639
39 Majzoub, A., Tadros, N.N., Polackwich, A.S., Sharma, R., Agarwal, A. and Sabanegh, Jr, E. (2017) Vasectomy reversal semen analysis: new reference

ranges predict pregnancy. Fertil. Steril. 107, 911–915

c© 2017 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
Licence 4.0 (CC BY).

11

D
ow

nloaded from
 http://portlandpress.com

/bioscirep/article-pdf/37/3/BSR
20170095/430293/bsr-2017-0095.pdf by guest on 23 M

ay 2023


