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Abstract

Purpose To study the association between body mass index (BMI), waist circumference (WC), waist-to-hip ratio (WHR), and
waist-to-height ratio (WHtR), and response to controlled ovarian stimulation, semen quality, and intracytoplasmic sperm injec-
tion (ICSI) outcomes.

Methods This prospective observational study included data from 402 couples undergoing ICSI between January/2010-
September/2016. Participants had their weight, height, waist, and hip measured before ICSI treatment.

Results Gonadotropin dose was positively associated with maternal WHR. Maternal WC and WHR negatively influenced the
estradiol level, number of follicles, oocytes, and mature oocytes. Maternal BMI negatively influenced oocyte yield. Semen
volume was negatively influenced by male BMI. Sperm concentration was negatively associated with WHR and WHtR.
Progressive sperm motility was negatively influenced by all anthropometric measures (AMs). The TMSC was negatively
affected by all AM but WC. Significant differences were observed in all ICSI outcomes except pregnancy and miscarriage rates,
favoring women with AM below the cut off values compared to women above the cut off. It was observed that men with AM
below the cut off values showed significantly higher rates of fertilization, embryo and blastocyst development, implantation, and
pregnancy than men above the cut off. When combined maternal and paternal AM were analyzed, significant differences were
observed in fertilization, embryo and blastocyst development and implantation rates, favoring couples with normal BMI, WC,
and WHR.

Conclusions Lower AMs have a protective effect on fertility. Awareness and counseling on how to minimize its impact in both
partners could improve ICSI outcomes.

Keywords Anthropometric measures - Infertility - Intracytoplasmic sperm injection - Lifestyle

Introduction

The importance of abdominal fat mass was recognized by the
World Health Organization (WHO) Expert Consultation on
Obesity, in 1997 [1]. Presently, waist circumference (WC) is
used in defining central obesity [2], which is significantly
associated with the metabolic syndrome [3].

In 2008, the waist-to-hip ratio (WHR), which is a more
precise measure of central adiposity, was recommended by
the WHO in defining the metabolic syndrome [4]. Similarly,
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the waist-to-height ratio (WHtR) has also emerged as a pre-
dictor of intra-abdominal fat [5]. The WHR and WHtR appear
to be stronger independent risk factors than body mass index
(BMI) for increased risk of cardiovascular diseases in men [6,
7] and women [7, 8], as they diverge substantially within a
slight range of BMI [4].

The WC, WHR, and WHIR have also been used for the
assessment of obesity, which is a gradually predominant
health condition in modern society [9]. The negative associa-
tions between obesity and male and female fertility are well
documented [10-16]. However, the majority of previous stud-
ies have used the BMI to estimate overall adiposity, without
taking body fat distribution into account.

Few studies have explored the association between
other anthropometric measures (AMs) and infertility. In
men, it has been demonstrated that increasing waist cir-
cumference negatively impacts ejaculate volume [17] and
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sperm count [17-20], increasing hip circumference (HC)
negatively impacts sperm count and motile sperm count
[18, 19], and increasing WHtR negatively impacts sperm
concentration [20]. In women, increasing WHR was pos-
itively associated with irregular menstruation, oligomen-
orrhea, and hirsutism [21] and negatively associated with
the odds of conception after intrauterine insemination
(IUT) [22].

To date, the association between parental AM and
human-assisted reproduction has never been investigated.
To investigate the association between maternal BMI, WC,
WHR and WHtR, and ovarian response to controlled ovar-
ian stimulation and oocyte quality; paternal BMI, WC,
WHR and WHtR, and semen quality; and maternal and
paternal BMI, WC, WHR and WHtR, and the outcomes
of intracytoplasmic sperm injection (ICSI) cycles.

Material and methods
Study design

This prospective observational study included data from
402 couples undergoing their first ICSI cycle between
January/2010 and September/2016.

All male and female participants had their weight,
height, waist, and hip measured before the ICSI treatment.
The effects of (i) maternal BMI, WC, WHR, and WHtR,
on ovarian response to COS; (ii) paternal BMI, WC,
WHR, and WHtR on semen quality; and (iii) maternal
and paternal BMI, WC, WHR, and WHtR on ICSI out-
comes were investigated.

Anthropometric parameters measures

Before the beginning of the ICSI treatment, all male and
female patients who consented to participate were physi-
cally examined to measure individual anthropometric pa-
rameters. All measures were performed by the same nu-
trition professional. Collected data consisted of partici-
pants’ weight, height, WC, and HC. Weight was mea-
sured in kilograms using a scale, with patients wearing
minimal clothing. Height was measured in meters with a
stadiometer. Both WC and HC were measured in centi-
meters using a measuring tape, according to the WHO
STEPwise Approach to Surveillance [23]. The WC was
measured at the approximate midpoint between the lower
margin of the last palpable rib and the top of the iliac
crest, and the HC around the widest portion of the but-
tocks. The WHR was calculated by dividing the WC by
the HC. The WHtR was calculated by dividing the WC
by the height. Patients were also asked regarding smoking
and physical activity habits.
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Controlled ovarian stimulation

Recombinant FSH (Gonal-F; Serono, Geneva, Switzerland)
and GnRH antagonist (Cetrotide; Serono, Geneva,
Switzerland) were administered for controlled ovarian stimu-
lation (COS). Hormonal dosages were determined according
to (i) patients’ antral follicle count performed prior to the start
of COS, and (ii) serum estradiol levels and (iii) follicular de-
velopment monitoring with ultrasound scans, which were per-
formed in each visit during the stimulus. Recombinant hCG
(Ovidrel; Serono, Geneva, Switzerland) was administered to
trigger final follicular maturation. Oocyte retrieval was per-
formed 35 h later.

Laboratorial procedures
Andrology laboratory

All semen samples were collected in the laboratory by mas-
turbation. After liquefaction for 30 min, semen samples were
evaluated for sperm count, motility, and morphology. Sperm
count and motility assessment were performed by following
the instructions of the counting chamber manufacturer (Leja®
slide, Gynotec Malden, Nieuw-Vennep, the Netherlands). The
total sperm count is the end concentration, expressed as x 10°
spermatozoa. Prewash total motile sperm count (TMSC) was
calculated by multiplying the ejaculate volume by the sperm
concentration/mL by the percentage of motile sperm in the
neat sample. Sperm samples were prepared using a two-
layered density gradient centrifugation technique (50 and
90% isolate, Irvine Scientific, Santa Ana, CA, USA).

Embryology laboratory

Oocyte morphology was assessed after chemical and mechan-
ical removal of cumulus cells, using an inverted Nikon
Diaphot microscope (Eclipse TE 300; Nikon®, Tokyo,
Japan) with a Hoffmann modulation contrast system under
x 400 magnification, just before sperm injection. Oocytes that
had released the first polar body (mature oocytes) were used
for ICSI. Fertilization was confirmed approximately 16 h post
ICSI. Embryos were maintained in a 50-pL drop of culture
medium (Global®, LifeGlobal, Connecticut, USA) supple-
mented with 10% protein supplement covered with paraffin
oil in a humidified atmosphere under 6% CO2 at 37 °C for
5 days. The embryo morphology was assessed on the morn-
ings of days 2, 3, and 5 of embryo development.

High-quality embryos were defined as those with 4 cells on
day 2 or 8-10 cells on day 3, < 15% fragmentation, symmet-
ric, and monunucleated blastomeres, and absence of cytoplas-
mic inclusions and/or dimorphisms in the perivitelline space
and zona pellucida.
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On day 5 of development, embryos that reached the blas-
tocyst stage were considered when (i) the blastocoel was
greater than half the volume of the embryo; (ii) the blastocoel
completely filled the embryo; (iii) the blastocyst was expand-
ed; (iv) blastocyst hatching occurred; and (v) blastocyst
hatched.

Embryo transfers were performed on day 5 of embryo de-
velopment. Two to three embryos were transferred per patient,
depending on maternal age and embryo quality.

Clinical follow-up

A pregnancy test was performed 10 days after embryo trans-
fer. All women with a positive test had a transvaginal ultra-
sound scan 2 weeks after the positive test. A clinical pregnan-
cy was diagnosed when the fetal heartbeat was detected.
Pregnancy rates were calculated per transfer. Miscarriage
was defined as clinical pregnancy loss before 20 weeks.

Statistical analyses

The sample size calculation revealed that a sample of at least
314 subjects had 95% power to detect a 20% effect with a
significance level () of 5% (two-tailed). The calculation
was performed using G*Power 3.1.7. Data are expressed as
mean =+ standard deviation for continuous variables, and per-
centages for categorical variables.

Generalized linear models (GzLMs) with adjustment for
potential confounders were used to investigate the association
between:

1. Maternal AM and ovarian response to COS (number of
follicles, retrieved oocytes, and mature oocytes)—adjust-
ed for maternal age, physical activity, smoking habit, total
dose of FSH administered, and estradiol level on the day
of hCG trigger

2. Paternal AM and semen parameters (semen volume,
sperm count per mL, total sperm count, TMSC, and
sperm progressive motility—adjusted for male age, ejac-
ulatory abstinence interval, physical activity, and smoking
habit.

In a second analysis, the influences of maternal and pater-
nal AM on the outcomes of ICSI were investigated indepen-
dently and combined. For the independent analysis, female
and male partner were divided into normal and abnormal
groups each, corresponding to below and above cut off value,
respectively, for each AM investigated. For the combined
analysis, couples were grouped into normal category, when
both partners fitted bellow the cut off value for the correspond-
ing AM, or abnormal category, when at least one partner fitted
above the cut off value for the corresponding AM. The cut off
values used were as follows: BMI > 24.9 [24], female WHR >

0.85, male cut off>0.90 [4], female WC > 80 cm, male WC >
94 cm [4], and WHtR > 0.5 [25].

Data was analyzed by GzLM followed by Bonferroni post
hoc test, adjusted for maternal age, paternal age, total dose of
FSH administered, estradiol level, number of obtained oo-
cytes, sperm concentration and motility, physical activity,
and smoking habit.

Potential confounders were selected when the literature re-
vealed a strong association between the variable and the de-
pendent variable. Since BMI and measures of central adipos-
ity (WC, WHR, WHtR) are correlated with each other [26],
BMI was included as a covariate in all the regression models
in which those AM of central adiposity acted as independent
variables. When BMI acted as independent variable, anthro-
pometric measures were not included as covariates.

Continuous variables were analyzed using linear regression
models with either gamma with log link distribution (dose of
FSH and estradiol level) or normal distribution (oocyte yield,
semen volume, sperm concentration/mL, total sperm concen-
tration, progressive sperm motility, and TMSC), count (num-
ber of follicles, retrieved oocytes, mature oocytes, and obtain-
ed embryos), and rate variables (fertilization rate, high-quality
embryos rate on days 2 and 3, blastocyst development rate,
and implantation rate) were analyzed using Poisson log-linear
models, and categorical variables were analyzed using logistic
regression models (pregnancy and miscarriage). The Akaike
Information Criteria (AIC) were used to compare different
models and to determine which model best fitted the data.
The results are expressed as unstandardized regression coeffi-
cients (B), or exponentiation of B coefficient [Exp(B)], with
95% confidence intervals (CIs) and p values. The « adopted
was 5%. The analysis was performed using SPSS Statistics 21
(IBM, New York, New York, USA).

Results

Patient’s demographics are shown in Table 1.

The association between maternal AM and the ovarian re-
sponse to COS is shown in Table 2. The total dose of FSH
administered was positively associated with WHR (B: 0.639;
CI: 0.072—-1.207; p: 0.027). Significant negative associations
were observed between the maternal WC and WHR and the
estradiol level on the day of hCG trigger (WC =B: —0.022;
CI: — 0.040 to — 0.004; p 0.017 and WHR =B: —2.385; CI —
4.188 to — 0.582; p 0.010), the number of follicles (WC =B —
0.014; CI-0.019 to — 0.009; p < 0.001 and WHR =B - 0.61,
CI—1.14 to —0.7; p 0.026), the number of obtained oocytes
(WC=B: —0.010; CI —0.017 to —0.004; p 0.001 and
WHR =B: —1.451; CI —2.116 to —0.785; p <0.001), and
the number of mature oocytes (WC =B —0.873; CI —1.691
to —0.055; p 0.036 and WHR =B: —0.010; CI: —0.018 to —
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Table 1 Descriptive analysis of

patient’s demographics, ovarian Demographics (n =402) Female Male
response to COS, semen quality,
and ICSI outcomes Mean + SD Mean + SD
Age (years) 359+4.0 37.4+5.6
Body weight (kg) 66.2+12.6 89.7+16.4
Height (meters) 1.63+0.03 1.8+0.1
BMI 24.8+4.3 28.5+4.1
Waist circumference (cm) 87.4+109 101.9+124
Hip circumference (cm) 103.8+9.8 108.1+8.3
WHR 0.8+0.1 09+0.1
WHtR 53.2+6.5 57.0+6.4
Ovarian response to COS Mean + SD
Total dose of FSH administered (IU) 2568.1 +631.1
Estradiol level on the day of hCG trigger (pg/mL) 1804.5+£1549.4
Follicles (n) 15.7£12.0
Retrieved oocytes (n) 10.9+8.9
Oocyte yield (%) 68.3
Mature oocytes (1) 8.5+7.3
Semen quality Mean + SD
Semen volume 291+1.59
Sperm concentration/mL 44.53+£51.72
Total sperm concentration (million x 10%) 118.50+152.89
Progressive sperm motility (%) 38.70
Total motile sperm count (%) 177.95
ICSI outcomes Mean + SD
Injected oocytes/patient (1) 8.1£6.2
Fertilization rate (%) 73.4
Obtained embryos/patient (1) 72£5.7
High-quality embryos on day 2 (%) 47.3+25.1
High-quality embryos on day 3 (%) 47.1+27.8
Blastocyst development rate (%) 52.8
Transferred embryos (1) 1.9+1.1
Implantation rate (%) 27.0
Pregnancy rate (%, n/N) 31.3 (106/339)
Miscarriage rate (%, n/N) 16.0 (17/106)

SD standard deviation, kg kilogram, BMI body mass index, cm centimeter, WHR waist-to-hip ratio, WHIR waist-
to-height ratio, COS controlled ovarian stimulation, /CS/ intracytoplasmic sperm injection, SD standard deviation,
U international unit, #CG human chorionic gonadotropin

0.002; p 0.011). The BMI was negatively associated with
oocyte yield (B —0.533; CI1—0.970 to —0.097; p 0.017).
The association between paternal AM and semen quality is
shown in Table 3. Semen volume was negatively associated
with the BMI (B —0.099; CI—0.164 to —0.035; » 0.003). The
total sperm concentration was negatively associated with the
WHR (B —3.627; CI —7.200 to — 0.054; p 0.047), and WHtR
(B—5.328; CI—11.228 to —0.262; p 0.012). The progressive
sperm motility was negatively influenced by all AMs (BMI =
B —1.523; CI-2.309 to — 0.736; p < 0.001; WC =B — 0.807;
CI-1.452t0—0.162;p 0.014; WHR =B — 1.575; CI1 - 30.82
to —0.068; p 0.040; and WHtR =B —1.262; CI1 —2.483 to —
0.041; p 0.023). The TMSC was negatively affected by all
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AMs but WC (BMI=B —11.655; CI —21.201 to —2.109; p
0.017; WHR =B —5.971; CI —10.713 to —1.230; p 0.014;
and WHtR =B — 15.040; CI: —29.548 to —0.532; p 0.042).
Tables 4, 5, and 6 show the results for the comparisons of
ICSI outcomes between patients and couples according to AM
cut-offs. It was observed that women with normal BMI
showed higher fertilization rate (76.5% 0.9 vs. 71.7% +
1.1, p<0.001), number of embryos (6.3+0.2 vs. 5.0+£0.2,
p<0.001), high-quality embryo rate on day 2 (23.3% +0.5
vs. 15.3% £ 0.5, p<0.001), high-quality embryo rate on day
3 (24.3%+0.6 vs. 22.5%+0.7, p 0.041), and implantation
rate (12.6% +0.3 vs. 10.1% +0.3, p<0.001) compared to
women with abnormal BMI. Significant differences were
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Table2  GzLM results for the association between maternal anthropometric measures and ovarian response to COS

varian response (n=402) BMI wcCe WHR® WHtR®

B 95% CI  p B 95% CI  p B 95% CI  p B 95% CI  p

Dose of FSH (IU)* 0.004 L-0.001 0.111 —-0.003 L-0.008 0320 0.639 L0.072 0.027 —0.004 L-0014 0372¢
U 0.010 U 0.003 U 1.207 U 0.005

Estradiol level (pg/mL)* —0.002 L -0.021 0.833 —0.022 L-0.040 0.017 —2.385 L —4.188 0.010 —0.024 L-0.055 0.131
U 0.017 U —-0.004 U-0.582 U 0.007

Follicles (n)° 0.002 L-0.003 0.599 -0.014 L-0.019 <0.001 —-061 L-1.14 0.026*  0.003 L-0.001 0.117
U 0.005 U —-0.009 U-0.07 U 0.008

Retrieved oocytes (n)° 0.007 L-0.001 0.089 —0010 L-0017 0001 —1451 L-2.116 <0.001° —0.009 L-0.020 0.132
U 0.015 U -0.004 U-0.785 U 0.003

Oocyte yield (%)° —0.533 L-0970 0.017 0266 L-0.158 0219 2740 L-—-43.961 0.908 0363 L—-0.406 0.355
U -0.097 U 0.690 U 49.441 U 1.131

Mature oocytes (n)° 0.010 L-0.112 0.870 —0.873 L-1.691 0.036 —0.010 L-0.018 0.011 —0.004 L-0.018 0.541
U0.132 U -0.055 U -0.002 U 0.009

The interpretation for the regression coefficient is for a 1 unit change. When the independent variable is a proportion, a 1 unit change is the same as 100%,
e.g., if a dependent variable goes down by 1.4 units when the independent variable (measured in proportions) increases by 1 unit, it also implies that Y
goes down by 0.014 (1.4/100 =— 0.014) units when X increases by 0.01 (1/100 =0.01) units

GzLM generalized linear model, BMI body mass index, WC waist circumference, WHR waist-to-hip ratio, WH?R waist-to-height ratio, COS controlled
ovarian stimulation, B unstandardized regression coefficient, C/ confidence interval, L lower, U upper, FSH follicle stimulating hormone, /U interna-

tional unit

 Adjusted for maternal age, physical activity, and smoking habit

® Adjusted for materal age, physical activity, smoking habit, total dose of FSH administered, and estradiol level on the day of hCG trigger

¢ Adjusted for BMI
4 Significant before adjustment for BMI

observed between males with normal and abnormal BMI re-
garding high-quality embryo rate on day 2 (28.1% £0.9 vs.
17.4% + 0.4, p <0.001, respectively), blastocyst development
rate (52.7% £ 1.3 vs. 45.0% £ 0.6, p <0.001, respectively),
and implantation rate (18.4% +0.7 vs. 10.0% £0.2,
p<0.001, respectively). Additionally, couples in which both
partners had normal BMI showed significantly higher fertili-
zation rate (80.0% 2.1 vs. 73.6% £0.8, p 0.005), high-
quality embryo rate on day 2 (30.7% +1.2 vs. 17.7% +0.4,
p<0.001), blastocyst development rate (53.5% £1.9 vs.
46.4% £ 0.6, p<0.001), and implantation rate (25.0% % 1.1
vs. 9.5%+0.2, p<0.001) than couples in which at least one
partner had abnormal BMI (Table 4).

Women with normal WC showed higher fertilization rate
(76.9% £ 1.4 vs. 72.7% +0.9, p 0.011), number of embryos
(6.3£0.3vs.5.440.2, p: 0.007), high-quality embryo rate on
day 2 (25.0% +0.8 vs. 20.3% = 0.5, p <0.001), high-quality
embryo rate on day 3 (25.2% £ 1.0 vs. 22.4% £+ 0.6, p 0.024),
blastocyst development rate (51.4% + 1.1 vs. 44.4% +0.7,
p<0.001), and implantation rate (17.3% +0.5 vs. 8.6% +
0.3, p<0.001) than those with abnormal WC. Men with nor-
mal WC showed higher rates of high-quality embryos on days
2(26.4% +£1.0vs.20.1% £0.5, p<0.001) and 3 (26.4% + 1.1
vs. 23.1% + 0.6, p 0.013), blastocyst development (55.0% +
1.5 vs. 45.8% £ 0.8, p <0.001), implantation (13.2% £ 0.7 vs.
9.1% +0.3, p<0.001), and pregnancy (41.2 vs. 22.1%, p
0.021), compared to men with abnormal WC. Couples with

normal WC showed significantly higher rates of fertilization
(88.3% +£2.6 vs. 72.9% + 0.9, p < 0.001), high-quality embry-
os on day 3 (30.2% = 1.7 vs. 22.9% £ 0.5, p < 0.001), blasto-
cyst development (64.6% +2.3 vs. 45.7% +0.7, p<0.001),
and implantation (19.8% 1.1 vs. 9.4% +0.3, p<0.001),
compared to couples in which at least one partner had abnor-
mal WC (Table 5).

Women with normal WHR showed higher fertilization rate
(77.3% + 1.3 vs. 72.8% + 1.0, p 0.008), number of embryos
(6.1£0.2 vs. 5.2£0.2, p 0.003), high-quality embryo rate on
day 3 (25.0% £ 0.7 vs. 20.9% £ 0.7, p < 0.001), blastocyst de-
velopment rate (48.9% + 0.8 vs. 44.2% + 1.0, p <0.001), and
implantation rate (11.5% £+ 0.4 vs. 10.0% £ 0.4, p 0.005) com-
pared to women with abnormal WHR. Men with normal
WHR showed higher fertilization rate (77.0% = 1.6 vs.
72.2% + 1.0, p 0.016), high-quality embryo rate on days 2
(33.9%+1.1 vs. 16.6%+0.5, p<0.001) and 3 (32.1%+1.2
vs. 21.0% £ 0.5, p<0.001), blastocyst development rate
(63.8% +1.6 vs. 42.7% +0.7, p<0.001), implantation rate
(18.5% +0.7 vs. 6.7%+0.2, p<0.001), and pregnancy rate
(41.7 vs. 21.0%, p 0.016), than those with abnormal WHR.
Couples with normal WHR showed significantly higher rates
of fertilization (76.7% £ 0.9 vs. 65.9% + 1.9, p < 0.001), high-
quality embryos on days 2 (41.0% +1.7 vs. 17.9% 0.4,
<0.001)and 3 (27.7% £ 1.4 vs. 23.2% £ 0.5, p 0.003), blas-
tocyst development (54.4% + 1.8 vs. 47.3% +0.7, p<0.001)
and implantation (18.3% £0.9 vs. 8.4% +£0.3, p<0.001),
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Table 4 GZLM results for the comparison of ICSI outcomes between female, male and couples with normal and abnormal BMIs
ICSI outcomes (n =402) Female Male Couple

Normal Abnormal  p value  Normal Abnormal  p value  Normal® Abnormal®  p value
Fertilization rate 76.5+09 71.7+1.1 0.001 727+15 73.6+0.8 0.611 80.0+2.1 73.6+0.8 0.005
Obtained embryos/patient (1) 63+0.2 5.0+0.2 <0.001 55+03 58+0.2 0387 64=+04 57+1.6 0.122
High-quality embryos rate on day 2 23.3+0.5 153+0.5 <0.001 28.1+09 174+04 <0.001 30712 17.7+£04 <0.001
High-quality embryos rate on day 3  24.3+0.6 22.5+0.7 0.041 24.6+1.0 228+£0.5 0.090 253+13 233+0.5 0.147
Blastocyst development rate 47.8+0.7 46.4+0.9 0.234 527+13 450+0.6 <0.001 535+1.9 464+0.6 <0.001
Implantation rate 126+0.3 10.1+0.3 <0.001 184+0.7 10.0+02 <0.001 250+1.1 9.5£02 <0.001
Pregnancy rate 28.7 24.7 0.508 273 26.8 0951 40.7 234 0.153
Miscarriage rate 13.4 6.5 0362 72 12.3 0.560 104 11.0 0.955

Values are means =+ standard error, unless otherwise noted. Adjusted for maternal and paternal ages, total dose of FSH administered, estradiol level,

number of obtained oocytes, sperm concentration and motility, physical activity, and smoking habit

GzLM generalized linear model, /CSI intracytoplasmic sperm injection, BMI body mass index (cut off >24.9)

*Both female and male partner

® Either female or male partner

elucidated. Studies in animal models and humans highlight an
adverse effect in hypothalamus—pituitary—ovarian (HPO) axis,
and a snowballing impairment of several processes, such as
ovulation, oocyte maturation, endometrial development, uter-
ine receptivity, implantation, and maintenance of pregnancy.
Since the adipose tissue is a significant site of steroid pro-
duction and metabolism, both sexual hormone secretion and
bioavailability can be disturbed by excess weight. In fact, cen-
tral obesity deeply reduces sex hormone-binding globulin
(SHBG) serum concentrations, and one study showed that se-
rum SHBG is inversely related to WHR [38]. Low SHBG
levels result in higher circulating free testosterone, dihydrotes-
tosterone, and androstenediol, leading to increased hormonal
metabolic clearance and subsequent hyperandrogenism, which

are particularly evident in women with central obesity [9]. The
consequent negative effect of hyperandrogenism upon follicu-
lar development and ovulation are well known.

Additionally, excess weight exerts its negative impact on
female reproduction by disturbing insulin and leptin levels.
Central obesity creates a condition of hyperinsulinemia and
insulin resistance [9]. Insulin plays important roles in the ovar-
ian steroidogenesis, upregulation of lutein hormone (LH) re-
ceptor [39], enhancement of gonadotrophic cells sensitivity to
GNRH [39], and modulation of sex steroid bioavailability via
inhibition of SHBG synthesis [38]. Leptin is a messenger
protein secreted by the adipose tissue, which stimulates the
HPO axis under normal physiologic concentrations.
However, excess weight elevates leptin serum concentration,

Table 5 GzLM results for the comparison of ICSI outcomes between female, male and couples with normal and abnormal WC
ICSI outcomes (n =402) Female Male Couple

Normal Abnormal  p value  Normal Abnormal  p value  Normal® Abnormal®  p value
Fertilization rate 76.9+14 72.7+0.9 0.011 745+1.7 733+1.0 0.587 883+2.6 729+09 <0.001
Obtained embryos/patient (n) 63+0.3 54402 0.007 5.6+0.3 5.6+0.2 0901 6.5+0.5 5.6+£0.2 0.099
High-quality embryos rate on day 2 25.0£0.8 20.3+£0.5 <0.001 264+1.0 20.1+0.5 <0.001 225+12 21.1+04 0.268
High-quality embryos rate on day 3 25.2+1.0 22.4+0.6 0.024 264+1.1 23.1+0.6 0.013 302+1.7 229405 <0.001
Blastocyst development rate 514+1.1 444407 <0001 550+1.5 458+08 <0.001 646+23 457+£0.7 <0.001
Implantation rate 17.3+0.5 8.6+0.3 <0.001 13.2+0.7 9.1+03 <0.001 198+1.1 9.4+03 <0.001
Pregnancy rate 29.5 27.0 0.718 41.2 22.1 0.021 450 26.3 0.133
Miscarriage rate 5.6 14.5 0.205 6.7 16.4 0226 53 12.6 0.319

Values are means =+ standard error, unless otherwise noted. Adjusted for body mass index, maternal and paternal ages, total dose of FSH administered,
estradiol level, number of obtained oocytes, sperm concentration and motility, physical activity, and smoking habit

GzLM generalized linear model, /CSI intracytoplasmic sperm injection, WC waist circumference (female cut off > 80 cm, male cut off > 94 cm)

#Both female and male partner

® Either female or male partner
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Table 6 GzLM results for the comparison of ICSI outcomes between female, male, and couples with normal and abnormal WHR

ICSI outcomes (n=402) Female Male Couple

Normal Abnormal  p value  Normal Abnormal  p value  Normal® Abnormal®  p value
Fertilization rate 77.3+£13 72.8+1.0 0.008 77.0+1.6 722+1.0 0.016 76.7+0.9 659+19 <0.001
Obtained embryos/patient (1) 6.1+0.2 52+0.2 0.003 57+03 5.6+02 0842 5.6+0.2 57+04 0.883
High-quality embryos rate on day 2 21.4+0.6 21.4+0.6 0983 339+1.1 166+05 <0.001 41.0+1.7 179+04 <0.001
High-quality embryos rate on day 3 25.0£0.7 20.9+0.7 <0.001 32.1+12 21.0+0.5 <0.001 27.7+14 23.2+0.5 0.003
Blastocyst development rate 489+0.8 442+1.0 <0.001 63.8+1.6 42.7+0.7 <0.001 544+18 473+0.7 <0.001
Implantation rate 11.5+£04 10.0+04 0.005 185+0.7 6.7+£0.2 <0.001 183+0.9 84+0.3 <0.001
Pregnancy rate 27.8 26.0 0.777 41.7 21.0 0.016 384 242 0.177
Miscarriage rate 9.5 15.5 0.510 16.7 11.5 0.608 4.7 153 0.174

Values are means + standard error, unless otherwise noted. Adjusted for body mass index, maternal and paternal ages, total dose of FSH administered,
estradiol level, number of obtained oocytes, sperm concentration and motility, physical activity, and smoking habit

GzLM generalized linear model, /CS! intracytoplasmic sperm injection, WHR waist-to-hip ratio (female cut off > 0.85, male cut off >0.90)

*Both female and male partner

® Either female or male partner

negatively affecting GNRH secretion [40-42], ovarian ste-
roidogenesis [43—45], folliculogenesis regulation [46], and
perifollicular blood flow [47, 48].

A snowball effect may also occur due to gonadotropin re-
sistance in women with excess weight, which may lead to
reduced oocyte competence [49]. As initial embryonic devel-
opment is mainly dependent on the oocyte machinery, one
might expect that poor oocyte quality would affect embryo
development, leading to reduced implantation potential.

We also observed that excess weight negatively im-
pacts semen quality. In fact, sperm motility and count
were negatively influenced by all AM, suggesting that
semen quality is highly affected by both body fat amount
and distribution. In accordance, Fejes, Koloszar (18)
found that male weight was inversely correlated to sperm
count and TMSC, and AMs were inversely correlated to
semen volume, sperm count, total motile sperm cell num-
ber, and sperm motility. Hammiche, Laven (19) observed
that BMI is inversely related to sperm motility, ejaculate
volume, sperm concentration, and TMSC. In addition, an
inverse relation was also observed between WC and
sperm concentration and TMSC. Sermondade, Faure
(15), in a collaborative meta-analysis, observed that over-
weight and obesity were associated with an increased
prevalence of azoospermia or oligozoospermia.

Data from the Longitudinal Investigation of Fertility and
the Environment study showed that both BMI and WC are
inversely related to ejaculate volume and sperm count [17].
A more recent study showed that the total sperm count and
sperm concentration are negatively affected by increasing
BMI, WC, WHtR [20]. However, one study revealed that
AM could not predict male semen quality [50]. A recent
meta-analysis demonstrated that increasing male BMI was
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associated with a significant reduction in clinical pregnancy
rate and live birth rate in IVF cycles [16].

The etiology of reduced fertility in men with excess body
weight is multifactorial. As it happens in women, the excess
weight deregulates the hypothalamus—pituitary—gonadal axis
and the endocrine profile, altering the production and regula-
tion of insulin, SHBG, leptin and inhibin B, and testosterone/
estradiol ratio, ultimately resulting in abnormal semen param-
eters [51]. Accordingly, previous studies demonstrated that
BMI and all AM and derived ratios are inversely correlated
with testosterone and serum SHBG levels, and testosterone/
estradiol ratio [18, 52-56].

In addition, the excessive adiposity chronically inflames
the body and it has been hypothesized that there is an increase
in the formation of reactive oxygen species, which can induce
damage to DNA, and stress the testicular environment [57]. In
fact, positive correlations were observed between BMI and
sperm oxidative stress [58, 59] and negative correlations be-
tween obesity and sperm DNA integrity [60, 61].

The British Fertility Society advises clinicians to coun-
sel patients to aim for a normal BMI before starting infer-
tility treatment [62]. In fact, weight loss is the first-line
therapy for obese women pursuing infertility treatment,
and several evidences support that weight loss in both
overweight and obese women improves ovulatory fre-
quency, pregnancy rates, and cost-effectiveness per preg-
nancy [62-67]. However, the effect of weight loss on
semen quality and male fertility potential remains contro-
versial. Despite that there is evidence of short-term im-
provement, the long-term effect of weight loss in male
fertility is still to be elucidated [51]. According to the
results of this study, male fat distribution has a significant
negative impact on male fertility and ICSI outcomes,



J Assist Reprod Genet (2019) 36:461-471

469

which calls for prompt attentiveness and recognition in
the field of reproductive medicine.

The strength of our study relies on the number of couples
included in the analysis and in the assessment of the combi-
nation between maternal and paternal AM. The major limita-
tion is the fact that we did not take eating habits, stress, med-
ication and environmental exposure, co-pathologies, and
others into account, which makes it difficult to infer that a
particular factor is the sole cause of reduced outcomes.
Additionally, under-reporting in self-reporting of lifestyle fac-
tors is not uncommon and may have biased some of the re-
sults. Also, the chosen sample population is not representative
of the general population, as we deal with a population of sub-
fertile couples.

Conclusions

Our findings suggest that lower AM have a protective effect
on female and male fertility. It is important that both partners
with excess weight attending IVF centers are given the appro-
priate advice and support to control body weight through sus-
tainable and healthy lifestyle modification. Awareness about
these factors and counseling on how to minimize its impact in
each partner could increase couples’ response to IVF treat-
ment and the chance of a more favorable outcome.
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