Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

Dovepress

open access to scientific and medical research

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy downloaded from https://www.dovepress.com/ by 3.236.231.61 on 16-May-2021
For personal use only.

Open Access Full Text Article

ORIGINAL RESEARCH

The Prevalence and Components of Metabolic
Syndrome in Men from Infertile Couples and Its
Relation on Semen Analysis
This article was published in the following Dove Press journal:
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

Minh Tam Le 1,2
Nhu Quynh Thi Tran
Nguyen Dac Nguyen
Quoc Huy Vu Nguyen

1
1
2

1

Center for Reproductive Endocrinology
and Infertility, Hue University of Medicine
and Pharmacy, Hue University, Hue,
Vietnam; 2Department of OBGYN, Hue
University of Medicine and Pharmacy,
Hue University, Hue, Vietnam

Purpose: Metabolic syndrome (MetS) has been reported as a deleterious factor in male
fertility potential, associated with hypogonadism, impaired spermatogenesis, decreased
sperm concentration and motility, and increased sperm DNA damage. This study aimed to
determine the prevalence of MetS in men from infertile couples and evaluate its effect on
semen analysis (SA).
Participants and Methods: A cross-sectional descriptive study was performed in men
from infertile couples diagnosed based on the World Health Organization 2010 criteria and
treated at the Hue Center for Reproductive Endocrinology and Infertility, Vietnam. General
information included medical history, lifestyle, MetS factors, SA, and sperm DNA fragmen
tation test were collected. Based on the diagnostic criteria of the American Heart Association
and the National Heart, Lung, and Blood Institute for Asian men, the study population was
divided into two groups: MetS and non-MetS groups. The outcomes were analyzed for any
relationship between MetS and the SA index and the DNA fragmentation index (DFI).
Results: A total of 534 men from infertile couples were included in this study. The
prevalence of MetS was 23.4%, and abnormal semen analysis accounted for 93.8%. Age,
body mass index (BMI), waist-to-hip ratio (WHR), waist-to-height ratio (WHtR), hepatitis
B and total cholesterol were related to the occurrence of MetS in infertile men (p <0.05).
MetS did not reveal any impact on the parameters of SA. There was a positive correlation
between waist circumference (WC), WHR, WHtR, and systolic blood pressure (BP) with
abnormal sperm head and DFI (p <0.05).
Conclusion: Although the prevalence of MetS was remarkable in men from infertile
couples, there was no association between MetS and semen quality. However, WC, WHR,
WHtR, and systolic BP were found to be significantly associated with abnormal sperm head
and DFI.
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According to the World Health Organization (WHO), infertility occurs in approxi
mately 8–12% of couples, among which 20–45% of the causes are related to male
factors.1,2 Basic factors responsible for reduced male fertility potential may include
oxidative stress, genetic abnormalities, systemic diseases, varicocele, infections or
a high exposure to biological substances lifestyle, and tobacco.3 The underlying
mechanism whereby these factors affect infertility potential may involve sperm
parameters and DNA fragmentation.
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Apart from advanced male age, which is accepted as
a physiological factor of lowering sperm quality and higher
rates of sperm DNA fragmentation,4 obesity has been iden
tified as a factor affecting men’s reproductive function by
metabolizing adverse biological substances that can reduce
the blood testosterone and sex hormone-binding globulin
(SHBG) concentration. This leads to feedback on the
hypothalamus-pituitary-testis, which negatively affects the
function of Leydig cells and spermatogenesis. Furthermore,
oxidative stress can cause various changes in blood flow to
the testis and endocrine disorders.5
Metabolic syndrome (MetS) is referred to as a group of
systemic disorders that includes obesity, insulin resistance,
hypertension, and dyslipidemia. It is defined as the presence
of at least three of five criteria: high fasting glucose, abdom
inal obesity, high blood pressure, hypertriglyceridemia, and
low high-density lipoprotein-cholesterol (HDL-C).6
Previous published studies revealed that obesity adversely
affects male fertility.7,8 Robeva et al concluded that insulin
resistance reduced blood testosterone levels in men.9 In
addition, there was a statistically significant association
between metabolic dysfunction and changes in testosterone
and SHBG levels. Other studies have shown that metabolic
disorders decrease sexual function due to erectile
dysfunction.10,11 The study by Dupont et al in 2019 on 196
infertile men concluded that MetS was an independent factor
that could have a negative effect on the quality of sperm.12
A meta-analysis in 2012 found that overweight or obesity,
which is a component of MetS, was associated with an
increased risk of azoospermia and oligozoospermia.13
To date, inconsistent hypotheses suggest that obesity
might be related to an underlying metabolic pathology. In
addition, metabolic disorders affect more health problems
than fertility.14 It is also a risk factor for cardiovascular
disease, type II diabetes, stroke, chronic kidney disease,
and cancer.15,16 Although, there have been some publica
tions on obesity and metabolic disorders in male subferti
lity in the past two decades, the data are still limited and
inconsistent. The influence of MetS on male reproductive
function still needs to be elucidated. This study aimed to
determine the prevalence of MetS in Vietnamese men from
infertile couples and its effect on semen analysis.

Participants and Methods
Participant Selection
This cross-sectional descriptive study included male part
ners of infertile couples who had been examined and
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treated at the Hue Center of Reproductive Endocrinology
and Infertility, Hue University Hospital, Vietnam, from
January 2018 to August 2020. The inclusion criteria were
as follows: (1) diagnosed with infertility according to the
WHO standards as having regular sex without any contra
ception but still unable to get pregnant after 12 months, (2)
having full clinically relevant information, blood biochem
istry (including fasting blood glucose and lipidemia test,
semen analysis (SA), sperm DNA fragmentation test), and
(3) consenting to participate in the study. The exclusion
criteria were as follows: (1) acute urogenital tract infec
tions or being treated for a malignancy affecting sperma
togenesis, (2) retrograde ejaculation, inability to ejaculate,
and (3) no testis detected through clinical examination and
scrotum ultrasound.

Study Design
In this cross-sectional research, the rate estimate investiga
tion was used to calculate the sample size
n ¼ Zα2 pð1Δ2 pÞ The expected prevalence of MetS in the
2

infertile men group of the Kristel Ehala-Aleksejev’s12
study in 2018 was 17.8% with Z (1-α/2) = 2.58, corre
sponds to 99% confidence interval (CI), Δ = 0.05, the
minimum sample size required to estimate the prevalence
of MetS was 390 men. A total of 534 men from infertile
cases were recruited to the study group.
Based on the 2005 diagnostic criteria of the American
Heart Association and the National Heart, Lung, and
Blood Institute-Adult Treatment Panel III (AHA/NHLBIATP III) for Asian men, the study population was divided
into two groups: MetS group (n = 125) and non-MetS
group (n = 409). Patients from both groups were examined
for baseline characteristics including age, body mass index
(BMI), hip circumference, waist-to-hip ratio (WHR),
waist-to-height ratio (WHtR), and blood pressure.
Infertile men were then subjected to various assays to
evaluate reproductive capacity: biochemical assays,
semen analysis, and halosperm tests.

Anthropometry and Blood Pressure
Each participant was measured for height and weight. BMI
was calculated as body weight in kilograms divided by the
square of height in meters. BMI values were categorized
based on the Asian-specific classification for BMI status,
as underweight (<18.5 kg/m2), normal (18.5–22.9 kg/m2),
overweight (23.0–24.9 kg/m2), and obese (≥25 kg/m2).
Waist circumference (WC) was measured by a flexible
tape as follow: the patients stood up and removed any
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bulky clothing; then, the tape was wrapped across the belly
button, gently on the skin. The measurement was taken
while exhaling after breathing gently. The same measuring
tape was also used to measure hip circumference by wrap
ping the tape around the widest part of the hip, with the
tape plane parallel to the ground. WHR was the ratio of
waist circumference (in cm) divided by the hip circumfer
ence (in cm). Similarly, WHtR was calculated by the waist
circumference (in cm) divided by the height (in cm).
Basic blood pressure was measured using a mercury
sphygmomanometer (ALP K2, Tokyo, Japan) after
a 5-minute rest. Patients were in a sitting position, with
both feet flat on the ground and the arm resting at chest
height. The heart rate in beats per minute was recorded
before inflating the cuff by pumping the bulb and then
slowly open the valve to drop the pressure. The systolic
(SBP) and diastolic blood pressure (DBP) were deter
mined after two additional measurements. Patients did
not eat or drink for at least 30 mins before and did not
talking during the measurement.

Le et al

laboratory and placed in a warming incubator at 37°C
while the semen liquefied. To avoid changes in tempera
ture that may affect sperm quality, the samples were
macroscopically and microscopically examined within 1
h after sample collection. The microscopic examination
included sperm concentration, motility, mortality, and mor
phology following the WHO 2010 standards.18 The mor
phology assessment concerns the variations in head size
and shape or the various midpiece and tail defects.
Abnormal head rate was calculated as abnormal sperm
head divided total number of abnormal morphology of
the sperm. The SA was performed manually by two welltrained and andrologists with 10-year experiences in SA.
Furthermore, to prevent bias, the percentages of the two
independent assessments were considered by calculating
the average and difference of the two percentages of
normal forms from the replicated assessments to determine
the acceptability of the difference based on the WHO
guideline.17 If the difference was too high, the assessment
was repeated on the same slides. Otherwise, we reported
the average percentage to the nearest whole number.

Biochemical Assays
Sampling: The blood sample was collected in the morning
after an overnight fast. For sample taking and preparation,
only suitable tubes or equipment were used such as Liheparin and K2-EDTA serum, and anticoagulant plasma.
The sample types listed were tested with a set of selective
sampling tubes, commercially available at the time of the
test. Different manufacturer’s sample tubes may be made
of different materials that can influence the test results in
some cases. Samples in the primary tubes were handled
according to the tube manufacturer’s instructions, and
samples containing precipitates were centrifuged before
performing the assay. Roche/Hitachi Cobas systems
(Module CO-BAS 4000/6000, Roche Diagnostics,
Indianapolis, IN, USA) was used to measure fasting glu
cose levels and blood lipid levels, including total choles
terol, triglycerides, high-density lipoprotein-cholesterol
(HDL-C), and low-density lipoprotein-cholesterol
(LDL-C). All measurements were performed at the Hue
University Hospital laboratory as per manufacturer
instructions.

Semen Analysis
The SA was performed after 2 to 7 days of sexual absti
nence and the sample was collected by masturbation and
ejaculated into a sterile, wide-mouthed container. After
that, the samples were immediately transported to the
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Halosperm Test
The Halosperm® HT-HS10, provided by Halotech (Halotech
DNA SL, Madrid, Spain), was used to evaluate the DNA
fragmentation index. The sample was diluted to
a concentration of 5–10 million spermatozoa/mL. Next,
a 25 µL sample was added to the agarose Eppendorf and
then placed onto a microscope slide that was covered with
a glass coverslip. This slide was stored at 4°C for 5 min.
Subsequently, the slide was incubated in another tray with
10 mL of tempered lysis solution for 25 min and consecu
tively placed in 70% ethanol, 90% ethanol, and 100% ethanol
every 2 min. After drying, the sample was observed under
a fluorescence microscope. The number on each slide was
calculated and a total of 500 spermatozoa were counted;
those with DNA fragmentation were identified according to
the manufacturer’s instructions, and the DNA fragmentation
index (DFI) was calculated as indicated below.
No:of spermatozoa
with fragmented DNA
DFIð%Þ ¼ 100 �
No:of spermatozoa
counted

Metabolic Syndrome
The diagnosis of MetS was based on the AHA/NHLBIATP III guidelines for Asians. MetS was defined when
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there were at least three of the five following criteria: WC
≥ 90 cm, arterial blood pressure ≥ 130/85 mmHg, trigly
ceride ≥ 1.7 mmol/L, HDL-C < 1.03 mmol/L, and fasting
glucose ≥ 5 mmol/L.6

Statistical Analysis
SPSS software version 22.0. (SPSS Inc., Chicago, IL,
USA) was used to analyze all statistics. Numerical data
are presented as mean ± standard deviation and percen
tages. Variation test analysis was used to compare mean
values and percentages between the two study groups
using the t-test and Pearson Chi-square test. The correla
tion between the parameters of MetS and sperm quality
was expressed by Spearman correlation coefficient (rho).
Fischer’s exact test was used in the correlation analysis of
MetS and Hepatitis B infection and age-adjusted logistic
regression were used to compare MetS and non-MetS
groups. P values <0.05 were considered statistically
significant.
The present study was approved by the Ethics
Committee of Hue University of Medicine and
Pharmacy, approval number H2019/436. Written consent
was obtained from all participants before data collection,
in accordance with the Declaration of Helsinki.

Results
A total of 534 men from infertile couples who fulfilled the
inclusion criteria were enrolled in this study. The general
characteristics of the study population with and without
MetS are shown in Table 1. The mean age was 34.7 ± 6.3
years. The prevalence of MetS in males from infertile
couples was 23.4% In the group with MetS, there were
statistically significant differences in the proportion of
males with age of 35 years and above (13.3% vs 10.1%,
p=0.004), BMI from 23 and above (16.9% vs 6.6%, p <
0.001), waist circumference from 90 cm and above (16.5%
vs 6.9%, p < 0.001) WHR from 0.9 and above (15.2% vs
8.2%, p < 0.001) Compared to the non-MetS group, men
in the MetS group had a higher percentage of increased
SBP (6.6% vs 4.3%, p < 0.001) as well as increased DBP
(3.9% vs 1.1%, p < 0.001).
There was a significant difference between men with
and without MetS, respectively, in total cholesterol (5.27 ±
1.03 vs 4.77 ± 0.93, p < 0.001); triglycerides (3.65 ± 1.78
vs 1.85 ± 1.15, p < 0.001); LDL-C (1.02 ± 0.22 vs 1.33 ±
0.40, p < 0.001) and fasting glucose (6.08 ± 1.18 vs 5.36 ±
0.87, p < 0.001). However, there was no significant
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difference in smoking, alcohol consumption, or LDL-C
concentration between the two groups.
Table 2 and Figure 1 present the value of predictors of
MetS in men from infertile couples using univariate ana
lysis. The factor with the largest area under the curve
(AUC) was WHtR (AUC = 0.78) with a sensitivity (Se)
of 72% and a specificity (Sp) of 76.5%, p < 0.001. Hip
circumference had an AUC of 0.77 (Se = 84%, Sp =
60.6%, p < 0.001). The remaining factors including
weight, BMI and WHR were also significant univariant
predictors of MetS; however, they were not related to
MetS after age-adjusted logistic regression multivariate
analysis, except for HC (Table 3)
Table 4 presents the relation of anthropometric factors,
metabolic components and SA results. There was no sig
nificant difference between abnormal SA results and male
age, WC, WHR, WHtR, blood pressure, lipidemia tests or
fasting glucose, except for smoking. Abnormal SA in men
with smoking was significantly higher compared to that in
men without smoking (51.9% vs 30.1%, p = 0.046).
Regarding the relationship between semen parameters
and metabolic syndrome, there was no relationship
between semen volume, sperm concentration, PR motility,
vitality, morphology, or sperm DNA fragmentation index
and the presence of MetS (Table 5).
Furthermore, the present study found a slight correla
tion between WHR, systolic BP, and abnormal head rate
(rho = 0.095 and 0.115, respectively; p < 0.05), and
a positive correlation between WC, WHR, WHtR, and
DFI (rho = 0.094, 0.095, and 0.101, respectively;
p < 0.05), as shown in Table 6.

Discussion
This study detected a 23.4% prevalence of MetS in men
from infertile couples based on AHA/NHLBI-ATP III
guidelines, which was higher than the 10–17% in pre
vious publications.17,19 These differences can result
from the study participates’s race, as well as the differ
ences in diagnostic criteria for Asian and international
men (WC ≥ 90 cm versus WC ≥ 102 cm) and/or life
styles. The present study also reported a relationship
between age, BMI, HC, WHR, WHtR, hepatitis
B infection, and MetS (p <0.05). However, after adjust
ing for age, we found that BMI was not related to MetS
(p >0.05). The average age of this sample was 34.7 ±
6.3 years, and there was a significant difference in age
between the MetS and non-MetS groups (p = 0.006).
The incidence of MetS was lower in the group under the
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Factors

Total (n=534)

Metabolic Syndrome
MetS (n=125)

Age (years)
< 35
≥ 35
BMI (kg/m2)

P-value*

Non-MetS (n=409)

34.7 ± 6.3

36.1 ± 6.6

34.3 ± 6.1

0.006

291 (54.5%)
243 (45.5%)

54 (10.1%)
71 (13.3%)

237 (44.4%)
172 (32.2%)

0.004

23.2 ± 2.9

25.1 ± 2.6

22.6 ± 2.8

< 0.001

310 (58.1%)
224 (41.9%)

35 (6.6%)
90 (16.9%)

275 (51.5%)
134 (25.1%)

< 0.001

WC (cm)

83.6 ± 8.4

90.1 ± 7.2

81.6 ± 7.7

< 0.001

< 90
≥ 90

386 (72.3%)
148 (27.7%)

37 (6.9%)
88 (16.5%)

349 (65.4%)
60 (11.2%)

< 0.001

HC (cm)

95.5 ± 6.3

99.9 ± 5.6

94.2 ± 5.9

< 0.001

WHR
< 0.9
≥ 0.9

0.88 ± 0.06
350 (65.5%)
184 (34.5%)

0.90 ± 0.05
44 (8.2%)
81 (15.2%)

0.87 ± 0.07
306 (57.3%)
103 (19.3%)

< 0.001
< 0.001

WHtR

0.50 ± 0.05

0.54 ± 0.04

0.49 ± 0.05

< 0.001

38 (7.1%)
496 (92.9%)

2 (0.4%)
123 (23.0%)

36 (6.7%)
373 (69.9%)

0.005

115.4 ± 10.2
476 (89.1%)

120.4 ± 13.0
90 (16.8%)

113.9 ± 8.6
386 (72.3%)

58 (10.9%)

35 (6.6%)

23 (4.3%)

73.3 ± 7.4
507 (95.0%)
27 (5.0%)

77.5 ± 8.9
104 (19.5%)
21 (3.9%)

72.1 ± 6.3
403 (75.0%)
6 (1.1%)

< 0.001
< 0.001

348 (65.2%)
186 (34.8%)

81 (15.2%)
44 (8.2%)

267 (50.0%)
142 (26.6%)

0.92

245 (45.9%)
289 (54.1%)

55 (10.3%)
70 (13.1%)

190 (35.6%)
219 (41.0%)

0.63

Total cholesterol (nmol/L)
Triglyceride (nmol/L)

4.89 ± 0.98
2.27 ±1.53

5.27 ± 1.03
3.65 ± 1.78

4.77 ± 0.93
1.85 ± 1.15

< 0.001
< 0.001

LDL – Cholesterol (nmol/L)

1.26 ± 0.39

3.45 ± 0.94

3.27 ± 0.90

0.059

HDL – Cholesterol (nmol/L)

3.31 ± 0.91

1.02 ± 0.22

1.33 ± 0.40

< 0.001

5.53 ± 1.00

6.08 ± 1.18

5.36 ± 0.87

< 0.001

< 23
≥ 23

Hepatitis B virus
Positive
Negative
Blood pressure
SBP (mmHg)
< 130
≥ 130
DBP (mmHg)
< 85
≥ 85

< 0.001
< 0.001

Smoking
No
Yes
Alcohol consumption
No
Yes
Lipidemia

Fasting glucose (nmol/L)

Notes: Data are presented as mean ± SD or number (%). *Comparison was performed between men with and without MetS using the independent-samples t-test and Chisquare test or Fisher exact test with so small sample (under 5) in one cell.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HC, hip circumference; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; MetS, metabolic syndrome; SBP, systolic blood pressure; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.

age of 35 years compared with that of the group over 35
years of age (p = 0.004). Previous studies have also
reported that advanced age has a negative impact on
MetS in the general population.20,21
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BMI is the most widely used conventional measure of
obesity because of its close relationship to the body fat.
However, BMI itself cannot distinguish muscle, fat mass,
or the distribution of body fat; therefore, the value of BMI
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Factors

AUC

J-Value

Se (%)

Sp (%)

P-value

Weight

0.76

67.50

69.6

72.6

<0.001

HC

0.77

95.50

84.0

60.6

<0.001

BMI
WHR

0.75
0.71

23.67
0.90

72.0
64.8

67.2
74.6

<0.001
<0.001

WHtR

0.78

0.52

72.0

76.5

<0.001

Note: Data are presented as percentage (%).
Abbreviations: AUC, area under curve; BMI, body mass index; HC, hips circum
ference; Se, sensitivity; Sp, specificity; WHR, waist-to-hip ratio; WHtR, waist-toheight ratio.

in the diagnosis of MetS remains controversial. Our data
revealed other factors related to body fat, such as HC,
WHR, and WHtR, which can be accepted as prognostic
values of MetS. Specifically, HC at 95.5 cm (AUC =
0.769; Se = 84.0%; Sp = 60.6%), WHR at 0.90 (AUC =
0.714; Se = 64.8%; Sp = 74.6%) and WHtR at 0.52 (AUC
= 0.784; Se = 72.0%; Sp = 76.5%) (p <0.05) significantly
predicted MetS. Therefore, the highest specificity and sen
sibility factors for MetS were the HC and WHtR,
respectively.
The correlation between chronic HBV infection and
MetS has been a concern in recent years. A metaanalysis of 13 studies with a total of 138,994,999 cases
concluded that chronic HBV infection is associated with
a reduced risk of MetS (odds ratio [OR] = 0.83; confidence
interval [CI] 95% = 0.71–0.79; p <0.001).22 To explain the

ROC Curve

1.0

Source of
the Curve
BMI
WHR
WHtR
WEIGHT
HC

0.8

Sensitivity
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Table 2 Predictors of MetS in Men from Infertile Couples Using
Univariate Analysis

0.6

0.4

0.2

0.0
0.0

0.2

0.4

0.6

0.8

1.0

1 - Specificity
Figure 1 Comparison of ROC curves between weight, height, hips circumference,
BMI, WHR and WHtR, in prediction of MetS in men from infertile couples using
univariate analysis. Diagonal segments are produced by ties.
Abbreviations: ROC, receiver operating characteristic; BMI, body mass index;
WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; MetS, metabolic syndrome.

1458

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

DovePress

Table 3 Predictors of MetS in Men from Infertile Couples Using
Logistic Regression Analysis
Factors

OR

CI 95%

P-value

Lower

Upper

Age
Weight

1.055
1.023

1.018
0.968

1.093
1.081

0.004
0.426

HC

1.140

1.077

1.207

< 0.001

BMI

1.149

0.984

1.341

0.079

Note: P-value was age-adjusted p value by using logistic regression.
Abbreviations: BMI, body mass index; HC, hips circumference; CI, confidence
interval; OR, odds ratio.

role of chronic HBV infection in lipid metabolism through
the liver, reports have shown that one of the effects of the
HBV X protein derived from the HBV genome is cell
suppression. The liver secretes apolipoprotein B-100, an
important glycoprotein for the transport of very lowdensity lipoprotein and low-density lipoprotein, which
leads to a decrease in the concentration of triglycerides
in the blood.23,24 The decrease in blood triglyceride levels
contributes to a reduced risk of MetS. Interestingly, our
data also revealed a negative relationship between HBV
infection and MetS.
In 2010, a cross-sectional study by Keszthelyi et al
analyzing 1169 semen samples of infertile couples in
Budapest showed that both BMI and WHR were signifi
cantly related to semen concentration and total sperm
count.25 This finding was different from our results and
their mean BMI and WHR were significantly higher com
pared to our data (26.8 kg/m2 versus 23.2 kg/m2; 0.94
versus 0.88, respectively). However, other studies demon
strated that MetS did not affect to quality of sperm, similar
to our conclusion.19,26,27
Although there was no significant relationship between
abnormal SA in general and MetS, our data showed
a correlation between the individual elements. Both SBP
and WHR affected sperm abnormal morphology (p <0.05).
Hypertension is known to negatively affect sperm quality
through a compound called clusterin as apo-lipoprotein
J. The presence of surface heterodimeric clusterin in the
human spermatozoa was a marker for poor sperm quality of
morphologically abnormal and DNA fragmentation.28–30
Dockery et al concluded that androgen deficiency might be
the cause of high blood pressure due to the increase in arterial
stiffness.31 Other studies have demonstrated a negative rela
tionship between blood pressure and testosterone levels, as
well as spermatogenesis.32,33 Eisenberg et al suggested that
men with hypertensive disorder had higher rates of abnormal
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Table 4 The Relation of Anthropometric Factors, Metabolic Components and Semen Analysis Results
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Factors

Total (n=534)

Age (years)

Semen Analysis

P-value*

Abnormal (n=348)

Normal (n=96)

34.8 ± 6.4

34.6 ± 5.6

0.82

291 (54.5%)
243 (45.5%)

239 (44.8%)
199 (37.3%)

52 (9.7%)
44 (8.2%)

0.94

83.5 ± 8.6

84.2 ± 7.7

0.45

386 (72.3%)
148 (27.7%)

317 (59.4%)
121 (22.7%)

69 (12.9%)
27 (5.0%)

0.92

0.87 ± 0.07

0.88 ± 0.05

0.68

350 (65.5%)
184 (34.5%)

287 (53.7%)
151 (28.3%)

63 (11.8%)
33 (6.2%)

0.99

WHtR

0.50 ± 0.05

0.50 ± 0.05

0.41

Blood pressure
SBP (mmHg)

115.2 ± 10.3

116.5 ± 9.7

0.26

DPB (mmHg)

73.2 ± 7.6

73.85 ± 6.4

0.45

Total cholesterol (nmol/L)

4.88 ± 1.00

4.95 ± 0.86

0.52

Triglyceride (nmol/L)
LDL-Cholesterol (nmol/L)

2.25 ± 1.56
3.30 ± 0.92

2.37 ± 1.40
3.36 ± 0.86

0.46
0.55

HDL- Cholesterol (nmol/L)

1.25 ± 0.39

1.29 ± 0.40

0.34

5.53 ± 1.02

5.55 ± 0.89

0.85

38 (7.1%)
496 (92.9%)

30 (5.6%)
408 (76.4%)

8 (1.5%)
88 (16.5%)

0.65

186 (34.8%)
348 (65.2%)

161 (30.1%)
277 (51.9%)

25 (4.7%)
71 (13.3%)

0.046

Alcohol consumption
Yes
No

289 (54.1%)
245 (45.9%)

230 (43.1%)
208 (39.0%)

59 (11.0%)
37 (6.9%)

0.11

MetS

125 (23.4%)

99 (18.5%)

26 (4.9%)

0.35

Non-MetS

409 (76.6%)

339 (63.5%)

70 (13.1%)

< 35
≥ 35
WC (cm)
< 90
≥ 90
WHR
< 0.9
≥ 0.9

Lipidemia tests

Fasting glucose (nmol/L)
Hepatitis B virus
Positive
Negative
Smoking
Yes
No

Notes: Data are presented as mean ± SD or number (%). *Comparison was performed between men with and without MetS using the independent-samples t-test and Chisquare test.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HC, Hip circumference; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; MetS, metabolic syndrome; SBP, systolic blood pressure; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.

SA.34 Our study found that a higher SBP could lead to
a higher abnormal head sperm (rho = 0.115, p = 0.010), and
that a higher WHR was related to a higher abnormal head
sperm (rho = 0.095, p = 0.034). This detection is valuable in
the prognosis of fertility potential regarding the relationship
between sperm morphology and metabolic disorders.
Cigarette smoke contains harmful components such
as carbon monoxide, nitrogen oxide, ammonia and nico
tine. Nicotine has been shown to harm sperm quality,

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14

including semen volume, sperm concentration, motility,
and antioxidant activity as well as male reproductive
hormone.35,36 However, the negative effect of smoking
on semen parameters is still controversial.37,38
A positive correlation was also observed between cigar
ette smoking and sperm DNA fragmentation among
patients receiving infertility counseling.37 Our result in
this study could not establish any relationship between
smoking and SA (Table 4).
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Table 5 The Relationship Between Semen Parameters and Metabolic Syndrome
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Semen Parameters

Total (n = 534)

Azoospermia

Metabolic Syndrome

Sperm concentration (x106/mL)
< 15
≥ 15

Non-MetS

33 (6.2%)

7 (1.3%)

26 (4.9%)

0.76

0.784

1.9 ± 1.0

2.0 ± 1.0

0.21

0.146

163 (32.5%)
338 (67.5%)

44 (8.8%)
74 (14.8%)

119 (23.7%)
264 (52.7%)

0.21

34.1 ± 15.0
9 (1.8%)
109 (21.7%)

31.4 ± 15.4
51 (10.2%)
332 (66.3%)

0.09
0.09

0.105

60 (12.0%)
441 (88.0%)

62.5 ± 47.2

61.7 ± 44.7

0.87

0.803

31.4 ± 12.4
57 (11.4%)
61 (12.2%)

29.7 ± 11.7
222 (44.3%)
161 (32.1%)

0.19
0.07

0.114

21.9 ± 23.2

20.1 ± 17.7

0.37

0.295
0.891

Total sperm count (x106)
PR motility (%)
< 32
≥ 32

279 (55.7%)
222 (44.3%)

Total PR motility (x106)
Vitality (%)

78.9 ± 11.8

79.4 ± 10.5

0.71

14 (2.8%)
487 (97.2%)

6 (1.2%)
112 (22.4%)

8 (1.6%)
375 (74.8%)

0.08

3.7 ± 2.1
63 (12.6%)
55 (11.0%)

3.7 ± 2.2
224 (44.7%)
159 (31.7%)

0.94
0.33

0.778

287 (57.3%)
214 (42.7%)

Abnormal head (%)

86.9 ± 5.7

87.5 ± 7.5

0.34

0.397

Abnormal neck-tail (%)

57.7 ± 11.1

57.1 ± 12.6

0.64

0.758

Sperm DFI (%)

25.8 ± 18.6

25.9 ± 18.2

0.95

0.864

< 58%
≥ 58%
Normal morphology (%)
< 4%
≥ 4%

Notes: Data are presented as mean ± SD or number (%). *Comparison was performed between men with and without MetS using the independent-samples t-test and Chisquare test. P1 was age-adjusted p value by using logistic regression. Percentage of semen parameters were calculated in total of 501 after deducting 33 cases with
azoospermia.
Abbreviations: DFI, DNA fragmentation index; PR, progressive; MetS, metabolic syndrome.

Table 6 The Correlation Between Sperm Morphology and DFI
with Anthropometry
Factors

Abnormal Sperm Head

Sperm DFI

Rho

P-value

Rho

P-value

WC (cm)
WHR

0.067
0.095

0.14
0.03

0.094
0.095

0.04
0.03

WHtR
SBP (mmHg)

0.061
0.115

0.18
0.01

0.101
−0.037

0.03
0.41

Note: Pearson’s bivariate correlations was used to find the negative or positive
relationship.
Abbreviations: DFI, DNA fragmentation index; SBP, systolic blood pressure; WC,
waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.

In recent decades, the sperm DNA fragmentation assay
was developed as an independent test to evaluate sperm
quality, in addition to the traditional SA. A published
study in Hue has reported a positive correlation between
sperm DNA fragmentation and abnormal head (p = 0.202,
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P1-value

MetS

Volume (mL)
< 1.5
≥ 1.5

P-value*
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p= 0.003).39 The present study has contributed to this
relationship by confirming the effects of increasing WHR
on sperm DNA fragmentation (rho = 0.095; p = 0.034) as
well as the effects of increased WC and WHtR on DFI (p
<0.05), although WHR and SBP have very weak correla
tion with abnormal sperm head, as so do WC, WHR and
WHtR with sperm DFI (r < 0.200). Wheres another pro
spective study in 1010 subfertile men found no correlation
between sperm DFI and obesity markers such as BMI,
WHR, WC, WHtR.40 The difference in research popula
tion, demographic characteristics, and DFI test might have
contributed to these divergent results.
Within the aims of this study, exclusion criteria
included any cases with retrograde ejaculation or unejacu
lation. Theoretically, retrograde ejaculation has been
linked to MetS and type 2 diabetes. Therefore, it would
be possible to have a functional association between
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retrograde ejaculation or unejaculation in men suffering
from MetS. However, the pathogenesis of impaired sperm
quality resulting from MetS is outside of this study’s
purpose. We did not test the male endocrine hormones or
measure the reactive oxygen species in these men for
further connection between the causal inference. This
might be considered a limitation of this study, although
the data has confirmed that some components of MetS
could have negative effects on sperm quality. Further
studies should be performed to evaluate the reactive oxy
gen species and male reproductive hormonal profiles to
better explain the pathogenesis of MetS and reveal the
closed correlation between MetS and sperm quality, espe
cially in the male population with advanced age.

Le et al
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Conclusions
In conclusion, the prevalence of MetS among men from
infertile couples in this study is higher compared to other
countries. The awareness of this disorders extends beyond
reproductive implications. Given the high prevalence of
MetS in a quite young male population, further metabolic
assessment should be recommended to this specific group
of men. Early diagnosis of MetS may provide an advan
tage of intensified management to halt the progression to
long-term complications. We identified HC as the stron
gest anthropometric predictor for MetS. Other independent
predictors for MetS were WHtR, weight, BMI and WHR.
Although the prevalence of MetS was considerable, there
was no association between MetS and semen quality in
general. WC, WHR, WHtR, and SBP were found to be
significantly related to abnormal sperm head and DFI.
More studies evaluating the reactive oxygen species and
male reproductive hormonal changes may better explain
the pathogenesis of MetS and impaired sperm quality.
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