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Abstract
Background: A direct association between metabolic syndrome (MetS) and sperm production/function has been
proposed. In this cross-sectional study, we aimed to determine the impact of MetS on sperm survival. Men from
infertile couples treated at Hue University Hospital, Vietnam, were enrolled in this study, which spanned the
October 2018 to October 2020 period. The general characteristics of the patients, including body mass index (BMI),
waist-to-hip ratio (WHR), the levels of different biochemicals, and semen parameters were determined, and sperm
survival tests (SSTs) were performed. The modified National Cholesterol Education Program (NCEP) Adult Treatment
Panel (ATP) III for the Asian population was used for MetS diagnosis.
Results: Men with an abnormal waist circumference (≥ 90 cm) showed a higher rate of abnormal SST results (30.1%
vs. 16.7%, p = 0.012). The frequency of abnormal SST results in patients with MetS (72.3%) was significantly higher
than that in individuals without MetS (53.4%) (p = 0.02). Furthermore, the percentage of abnormal SST results in
patients with MetS and with BMI ≥ 23 was significantly higher than those in individuals without MetS (77.1% vs.
55.2%, p = 0.03). Weak negative correlations were also observed between the patients’ age and the SST results.
Conclusion: Sperm viability was lower in men with MetS. We also observed that age and BMI were independent
factors associated with abnormal SST.
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Résumé
Contexte: Une association directe entre le syndrome métabolique (MetS) et la production/fonction des
spermatozoïdes a été proposée. Dans cette étude transversale, nous avons cherché à déterminer l’impact du MetS
sur le taux de survie des spermatozoïdes (TSS). Des hommes issus de couples inféconds traités à l’hôpital
universitaire de Hue, au Vietnam, ont été inclus dans cette étude qui s’est. étendue sur la période d’octobre 2018 à
octobre 2020. Les caractéristiques générales des patients, y compris l’indice de masse corporelle (IMC), le rapport
taille-hanche, les niveaux de différents paramètres biochimiques et les paramètres de sperme ont été déterminés,
ainsi que les taux de survie des spermatozoïdes (TSS). Le panel modifié du traitement des adultes (ATP III) du
Programme National d’Education sur le Cholestérol (NCEP) pour la population asiatique a été utilisé pour le
diagnostic de MetS.
Résultats: Les hommes avec un tour de taille anormal (≥ 90 cm) ont montré un taux plus élevé de résultats
anormaux de SST (30,1% versus 16,7%, p = 0,012). La fréquence de résultats anormaux de TSS chez les patients avec
MetS (72.3%) était significativement plus élevée que celle des individus sans MetS (53,4%) (p = 0,02). En outre, le
pourcentage de résultats anormaux de TSS chez les patients avec MetS et avec un BMI ≥ 23 était significativement
plus élevé que celui des individus sans MetS (77,1% versus 55,2%, p = 0,03). On a également observé de faibles
corrélations négatives entre l’âge des patients et les résultats du TSS.
Conclusion: La viabilité des spermatozoïdes était plus faible chez les hommes atteints de MetS. Nous avons
également observé que l’âge et l’IMC étaient des facteurs indépendants associés à un TSS anormal.
Mots-clés: Spermatozoïdes , test de survie , infécondité , syndrome métabolique

Background
Metabolic syndrome (MetS) constitutes a group of abnormalities, including obesity, dyslipidemia, hypertension, and insulin resistance [1]. According to the US
National Cholesterol Education Adult Treatment Panel
III (NCEP ATP III), MetS in men is diagnosed in individuals showing more than three of the following criteria: waist circumference ≥ 102 cm, blood pressure ≥
130/85 mmHg, HDL < 40 mg/dL, triglycerides ≥150 mg/
dL, and fasting glucose ≥100 mg/dL [2]; Notably, the
ATP III waist circumference (WC) criterion has been
adjusted for the Asian population to ≥ 90 cm in men [3].
Chronic inflammation is considered as an aetiological
and mechanistic phenomenon in MetS. It is well known
that inflammatory cytokines disrupt the hypothalamicpituitary-testes axis; therefore, it is not unreasonable to
consider that MetS can impact on (male) fertility [1].
Male fertility is often determined based on the quality
of spermatozoa. In this regard, the sperm survival test
(SST), which was first mentioned in a study by Fuse in
1990, has as objective to establish a new screening test
for sperm fertility potential, has been suggested. In the
previous study, sperm motility is examined after 6, 12,
24, 36, and 48 h of incubation at temperature of 37 °C
[4]. Although, SST was originally designed to evaluate
sperm viability, sperm motility (surely these motile
sperm are viable) plays a more important role in
fertilization given that it determines the forward movement of the spermatozoa in the female genital tract.
Thus, the SST results are considered positive when motile swim-up spermatozoa are observed at the indicated

times. Additionally, the SST results are considered normal when the ratio of progressing spermatozoa after 24
h of incubation per initial density of progressing spermatozoa is ≥ 50% [5, 6]. In line with these results, the efficacy of the SST in in-vitro fertilization (IVF) was
estimated to be 0.71, which is better than that corresponding to the conventional sperm fertilization method.
Therefore, the SST is considered useful in the prediction
of fertilization (and male fertility) [5]. In fact, abnormal
SST may bring about as much as a 90% decrease in the
chances of realizing successful conventional IVF cycles.
Further, normal SST results can predict the IVF results
with a sensitivity of 87%, a specificity of 65%, and a positive predictive value of 90% (considering the male factor
only) [7]. Presently, many more studies have reported
the predictive power of SST after 24 h based on
fertilization outcomes [8, 9], highlighting this test as a
clear indicator of male fertility.
In several studies, direct associations between MetS
and sperm production as well as sperm function have
been suggested [10]. For instance, MetS is said to be associated with a lower testosterone level and with the
presence of hypogonadism, abnormal sperm morphology, and erectile dysfunction in men of infertile couples; however, it did not induce any changes in
gonadotropin concentrations [11]. Additionally, MetS is
associated with low semen volume, low sperm count,
and abnormal sperm morphology [12]. Leisegang et al.
demonstrated that MetS is associated with a decrease in
total sperm count, sperm motility, sperm vitality, mitochondrial membrane potential, and free testosterone,
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and an increased DNA fragmentation index [13]. Moskovtsev et al. reported that sperm DNA fragmentation is
negatively correlated with progressive sperm motility,
concentration, normal morphology, motility, and survival index [6]. However, some studies have reported
that MetS seems to be unrelated to semen quality [14,
15]. For instance, age may have been a confounding factor, since age shows a significant positive correlation
with sperm DNA fragmentation and a negative correlation with sperm concentration, and viability [6]. Therefore, the correlation between MetS and reduced sperm
parameters remains unclear. This cross-sectional descriptive study aimed to clarify the association between
MetS and sperm survival.

Methods
Study design

This cross-sectional descriptive study was performed at
the Hue Center for Reproductive Endocrinology and Infertility (HueCREI), Hue University Hospital, Vietnam,
from October 2018 to October 2020. The selection criteria in this study included men of infertile couples according to WHO (2010) standards [16]; only men that
accepted to be subjected to anthropometry, biochemical
assays, and semen analysis were enrolled. Men with
acute urinary tract infection, malignant diseases, retrograde ejaculation or azoospermia were excluded; sperm
samples retrieved via surgery were also not used. All the
participants were examined in accordance with usual
clinical checkup. Thus, patient-related information, including age, reproductive history, and history of andrological pathologies such as cryptorchidism and infectious
diseases such as orchitis and epididymitis was collected.
The patients were also examined to check the presence
of two testicles into the scrotum, the presence of a varicocele of the two vasa differentia, and testicular size or
volume. Anthropometric characteristics, including
height, weight, waist circumference, hip circumference,
and blood pressure, were recorded. Biochemical tests
were also performed to determine fasting plasma glucose
and blood lipid levels. Additionally, semen analysis was
also performed from all the participants. This study was
approved by the Ethics Committee of Hue University of
Medicine and Pharmacy (Approval number H2019/436).
The sample size was calculated according to the following formula: n ¼ Z 2α=2 pð1−pÞ
; Zα/2 was defined as 1.96
Δ2
for a confidence level (α) of 95%. The prevalence of
MetS in Vietnamese men (p) has been previously reported as 14.8% [17]. Additionally, Δ was defined as 0.05
and the calculated minimum sample size to ensure statistical power was 194. Therefore, a total of 195 men
were enrolled in the study.
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Data collection

The body weight of the participants was measured using
a SECA scale (SECA, France), and their heights were
measured in the standing position using a three-piece
wooden ruler. The body mass index (BMI) was then calculated as the weight in kilograms divided by the square
of height in meters (kg/m2); Thereafter, the participants
were categorized in accordance with the Asian population criteria: underweight (< 18.5 kg/m2), normal weight
(18.5–22.9 kg/m2), overweight (23–24.9 kg/m2), and
obese (≥ 25 kg/m2) [18, 19]. Waist circumference (WC)
was measured midway between the lower limit of the rib
cage and the iliac crest, and the hip circumference was
measured as the maximum circumference of the buttocks. The waist-to-hip ratios (WHRs) of the participants were then determined; a WHR above 0.9 was
classified as central obesity based on the Asian-Pacific
specific and WHO recommendations [20]. Blood pressure was measured on the upper right arm after a 15
min rest using a standard mercury sphygmomanometer
(ALPK2, Japan).
Additionally, venous blood samples were collected in
the morning after overnight fasting, and the levels of
glucose, lipids, including total cholesterol, triglycerides
(TG), high- (HDL-C) and low-density lipoprotein cholesterol (LDL-C) were determined using the Roche/Hitachi
Cobas C system (Module COBAS 4000/6000, Roche
Diagnostics, Indianapolis, IN, USA), according to the
manufacturer’s instructions. All the measurements were
performed at the Laboratory Center of Hue University
Hospital.
The modified NCEP ATP III criteria, adapted for
Asian individuals, were used to define MetS. A diagnosis
of MetS was confirmed when at least three of the following criteria were present: WC ≥ 90 cm, TG ≥ 1.7 mmol/L,
HDL-C < 1.03 mmol/L, blood pressure ≥ 130/85 mmHg,
and fasting glucose ≥5.6 mmol/L [3].
Semen analysis

Semen samples were obtained via masturbation after
3–7 days of sexual abstinence and thereafter, analyzed following WHO 2010 standards [16]. Sperm
motility was analyzed manually via phase-contrast
microscopy (Primo Star, Zeiss, Germany) at 400X
magnification, while sperm vitality was assessed by
eosin staining. Two hundred cells were counted immediately after the liquefaction of the semen samples. For morphological assessment, after staining
with Giemsa, the morphology of the sperm head,
sperm neck, midpiece, and tail, as well as the cytoplasmic droplets were determined under a microscope at 1000X magnification.
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Sperm survival test (SST)

Semen samples were collected after 3–7 days of abstinence by masturbation. After incubation for 30 min to
allow liquefaction, samples were then introduced above
the density gradient of a Sil-select Plus media (Fertipro,
Beernem, Belgium), consisting of 1.5 ml of the upper
layer (45%) and 1.5 ml of the lower layer (90%). Thereafter, the mixture was centrifuged at 350 g for 15 min.
Sperm samples were then washed twice with 3 mL Ferticult Flushing (FertiPro, Beernem, Belgium) and centrifuged for 10 min at 350 g. The final pellet was
resuspended in 0.5 ml Ferticult Flushing medium. Sperm
motility and vitality were then evaluated immediately
after the last washing step, as well as after 24 h of incubation at 37 °C.
The percentage of sperm motility was evaluated by
counting moving and non-moving spermatozoa. The
percentage of sperm vitality (expressed as %) was
assessed using the eosin staining technique. Totally, the
number of stained (dead) and unstained (vital) cells were
determined with the aid of a laboratory counter. At least
200 spermatozoa were counted in each test by two experienced embryologists. The SST results were then evaluated as percentages of motile and viable spermatozoa at
24 h and the sperm motility index (SMI) as well as the
sperm vitality index (SVI) were calculated as follows [6]:

SMI ð%Þ ¼

percentage of motile spermatozoa after 24 h incubation
 100
Initial percentge of mortile spermatozoa

SVI ð%Þ ¼

percentage of viable spermatozoa after 24 h incubation
 100
Initial percentge of viable spermatozoa

T results were considered normal when the SMI was ≥
50% [5].
Statistical analysis

Statistical analysis was performed using SPSS, v20.0
(IBM Corp, Armonk, NY, USA), and all the data obtained are presented as the mean ± standard deviation,
or as percentages. Categorical data were assessed for
normal distribution by performing the Shapiro–Wilk
test. Further, Student’s t-test and Chi squared test were
used to compare Gaussian data. The Mann-Whitney Utest was used to compare non-Gaussian data, where appropriate, for two-group comparisons. Statistical significance was set at p < 0.05. Additionally, to determine the
correlations between the different variables based on
correlation coefficients, Spearman correlations analysis
was performed.

Results
Characteristics of the study population

Of the 195 men of infertile couples included in this
study, the proportion with MetS was 24.1% (i.e. 47/195),
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as shown in Table 1. The mean age, mean BMI, WC and
WHR were remarkably higher for subjects with MetS
than for those without MetS. Based on the total number
of participating infertility couples included in this study,
infertility resulting from male-related factors, female factors, both male and female factors and unexplained
causes accounted for 29.7, 39.4, 22.1, and 8.7% of all the
infertility cases. In male related factors, history of mump
infection, sexual transmitted diseases, urogenital surgery
and varicoceles accounted for 9.7, 1, 2.6 and 5.6%, respectively. The proportion of these factors between MetS
and non-MetS groups were not significant different. Regarding lipid profiles, individuals with MetS showed statistically significant higher mean concentrations of
cholesterol, triglycerides, and LDL-C, and lower levels of
HDL-C than individuals without MetS. Additionally, the
fasting glucose levels in the MetS group were significantly higher than those in the non-MetS group, and no
group differences with respect to blood pressure, alcohol
consumption, or smoking habits were observed. The differences in the compositions of fresh semen samples
from both groups were not statistically significant.
As shown in Table 2, the proportion of men with abnormal SST results was 57.9%. Although the mean age
of the participants in the abnormal SST group was
slightly higher than that of the participants in the normal SST group, this difference was not statistically significant. Similarly, no significant differences were
observed with respect to mean BMI or WHR. However,
in patients with increased WC (≥ 90 cm), the proportion
of abnormal SST cases was significantly higher (30.1%
vs. 16.7%; p = 0.01). In fact, this was the only observed
significant difference, individuals with normal and abnormal SST results showed no significant differences
with respect to the levels of triglycerides, LDL-C, HDLC, and fasting glucose. Further, apart from the fact that
the abnormal SST group showed lower semen volume,
fresh semen samples from individuals in both groups
showed no significant differences.
Relationship between sperm survival and MetS as well as
a high BMI

The relationship between MetS and SST parameters, including sperm motility and viability at different time
points is presented in Table 3. No statistically significant
differences in progressive sperm motility and survival
between individuals with MetS and those without MetS
at 0 and 24 h were observed. In line with these results,
the SMI and SVI values corresponding to the MetS and
non-MetS groups at 24 h were not significantly different.
However, the proportion of abnormal SST results in the
MetS group was higher than that in the non-MetS
group. We analysed the relationship between MetS and
SST results based on the BMI group (Table 4).
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Table 1 General characteristics among men in infertile couples with and without metabolic syndrome
Characteristics

Total
(n = 195)

Metabolic syndrome

Pvaluea

MetS
(n = 47)

Non-MetS
(n = 148)

34.73 ± 5.51

36.21 ± 3.82

34.26 ± 5.88

0.03

Primary

128 (65.6%)

31 (24.2%)

97 (75.8%)

0.85

Secondary

67 (34.4%)

16 (24.2%)

50 (75.8%)

101 (51,8%)

25 (53.2%)

76 (51.4%)

Age (years) (mean ± SD)
Infertility type [n (%)]

Male factor Infertility [n (%)]

0.83

Mump

19 (9.7%)

5 (10.6%)

14 (9.5%)

0.78

Testicular infection

1 (0.5%)

1 (2.1%)

0 (0%)

0.24

Sexually Transmitted Diseases

2 (1.0%)

2 (4.3%)

0 (0%)

0.06

Urogenital surgery

5 (2.6%)

2 (4.3%)

3 (2.0%)

0.60

Varicocele

11 (5.6%)

5 (10.6%)

6 (4.1%)

0.14

Female factor infertility [n(%)]

120 (61.5%)

29 (61.7%)

91 (61.5%)

0.98

Unexplained infertility [n(%)]

17 (8.7%)

3 (6.4%)

14 (9.5%)

0.77

BMI (kg/m2) (mean ± SD)

22.93 ± 2.96

25.14 ± 3.01

22.22 ± 2.58

0.00
0.00

< 23 [n (%)]

102 (52.3%)

12 (11.8%)

90 (88.2%)

≥ 23 [n (%)]

93 (47.7%)

35 (37.6%)

58 (62.4%)

WC (cm) (mean ± SD)

82.55 ± 8.60

71.21 ± 9.27

62.01 ± 7.81

0.00

WHR (mean ± SD)

0.87 ± 0.06

0.91 ± 0.07

0.86 ± 0.051

0.00

Blood pressure (mean ± SD)
SBP, (mmHg)

112.64 ± 7.87

112.87 ± 7.85

112.57 ± 7.90

0.82

DBP, (mmHg)

71.33 ± 5.53

72.34 ± 6.24

71.01 ± 5.26

0.15

Lipid profile (mean ± SD)
Cholesterol (mmol/L)

4.77 ± 0.92

5.3 ± 0.99

4.59 ± 0.83

0.00

Triglycerides (mmol/L)

2.21 ± 1.30

3.31 ± 1.15

1.86 ± 1.14

0.00

LDL-C (mmol/L)

3.22 ± 0.87

3.69 ± 0.86

3.07 ± 0.82

0.00

HDL-C (mmol/L)

1.22 ± 0.31

1.02 ± 0.23

1.29 ± 0.31

0.00

5.47 ± 0.88

6.16 ± 1.18

5.25 ± 0.62

0.00

0.74

Fasting glucose (mmol/L) (mean ± SD)
Alcohol consumption [n (%)]
Yes

45 (23.1%)

10 (21.3%)

35 (23.6%)

No

150 (76.9%)

37 (78.7%)

113 (76.4%)

Yes

34 (17.4%)

11 (23.4%)

23 (15.5%)

No

161 (82.6%)

36 (76.6%)

125 (84.5%)

pH

7.08 ± 0.26

7.11 ± 0.29

7.08 ± 0.25

0.80

Sexual abstinence (days)

4.20 ± 1.31

3.96 ± 1.25

4.28 ± 1.33

0.15

Semen volume (ml)

1.84 ± 0.95

1.90 ± 1.04

1.82 ± 0.93

0.70

Sperm count (× 106/ml)

33.80 ± 12

35.89 ± 14.28

33.13 ± 14.62

0.26

Smoking [n (%)]
0.22

Fresh semen analysis (mean ± SD)

Sperm vitality (%)

81.44 ± 7.63

82.62 ± 5.93

81.07 ± 8.08

0.27

Progressive motility (%)

33.26 ± 10.84

35.30 ± 9.61

32.61 ± 11.16

0.14

Normal sperm morphology (%)

3.89 ± 2.22

4.21 ± 2.33

3.79 ± 2.18

0.22

BMI body mass index; DPB diastolic blood pressure; 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
Values were expressed as mean ± SD and number (percentage)
a
Comparison was performed between men with and without MetS using the independent-samples t test and the chi-square test for Gaussian data and
the Mann-Whitney U-test was used to compare non-Gaussian data

Le et al. Basic and Clinical Andrology

(2021) 31:22

Page 6 of 9

Table 2 General characteristics among men in infertile couples with normal and abnormal sperm survival test
P-valuea

Characteristics

Total
(n = 195)

Sperm survival test
Abnormal SST (n = 113)

Normal SST (n = 82)

Age (years) (mean ± SD)

34.73 ± 5.51

35.30 ± 5.65

33.95 ± 5.25

0.09

128 (65.6%)

79 (69.9%)

49 (59.8%)

0.15

Infertility type [n (%)]
Primary
Secondary

67 (34.4%)

34 (30.1%)

33 (40.2%)

22.93 ± 2.96

23.24 ± 3.27

22.50 ± 2.42

0.47

< 23 [n (%)]

102 (52.3%)

54 (52.9%)

48 (47.1%)

0.15

≥ 23 [n (%)]

93 (47.7%)

59 (63.4%)

34 (36.6%)

BMI (kg/m2) (mean ± SD)

WC (cm) (mean ± SD)
< 90 [n (%)]

82.55 ± 8.60

83.54 ± 8.91

81.18 ± 8.01

0.59

149 (76.4%)

79 (69.9%)

70 (83.3%)

0.01

≥ 90 [n (%)]

46 (23.6%)

34 (30.1%)

12 (16.7%)

WHR (mean ± SD)

0.87 ± 0.06

0.87 ± 0.06

0.86 ± 0.06

0.26
0.09

≤ 0.9 [n (%)]

142 (72.8%)

77 (54.2%)

65 (45.8%)

> 0.9 [n (%)]

53 (27.2%)

36 (67.9%)

17 (32.1%)

SBP (mmHg) [n (%)]

112.64 ± 7.87

112.61 ± 8.69

112.68 ± 6.63

0.95

DBP (mmHg) [n (%)]

71.33 ± 5.53

71.32 ± 5.99

71.34 ± 4.84

0.98

Cholesterol (mmol/L)

4.77 ± 0.92

4.77 ± 0.90

4.76 ± 0.95

0.91

Triglycerides (mmol/L)

2.21 ± 1.30

2.35 ± 1.31

2.02 ± 1.27

0.09

Blood pressure (mean ± SD)

Lipid profile (mean ± SD)

LDL-C (mmol/L)

3.22 ± 0.87

3.24 ± 0.86

3.20 ± 0.89

0.73

HDL-C (mmol/L)

1.22 ± 0.31

1.20 ± 0.28

1.26 ± 0.34

0.22

5.47 ± 0.88

5.54 ± 1.02

5.37 ± 0.63

0.16

Yes

45 (23.1%)

28 (62.2%)

17 (37.8%)

0.51

No

150 (76.9%)

85 (56.7%)

65 (43.3%)

Yes

34 (17.4%)

23 (67.6%)

11 (32.4%)

No

161 (82.6%)

90 (55.9%)

71 (44.1%)

Fasting glucose (mmol/L) (mean ± SD)
Alcohol consumption [n (%)]

Smoking [n (%)]
0.21

Fresh semen analysis (mean ± SD)
pH

7.08 ± 0.26

7.06 ± 0.23

7.11 ± 0.29

0.22

Sexual abstinence (days)

4.20 ± 1.31

4.21 ± 1.33

4.18 ± 1.29

0.88

Semen volume (ml)

1.84 ± 0.95

1.71 ± 0.88

2.02 ± 1.01

0.01

Sperm count (×106/ml)

33.80 ± 12.

32.91 ± 15.37

35.01 ± 13.35

0.32

Sperm vitality (%)

81.44 ± 7.63

80.39 ± 8.88

82.89 ± 5.20

0.06

Progressive motility (%)

33.26 ± 10.84

32.64 ± 11.98

34.12 ± 9.04

0.33

Normal sperm morphology (%)

3.89 ± 2.22

3.76 ± 2.18

4.06 ± 2.27

0.28

BMI body mass index; DPB diastolic blood pressure; HDL-C high density lipoprotein cholesterol; LDL-C low density lipoprotein cholesterol; SBP systolic blood
pressure; SST sperm survival test; WC waist circumference; WHR waist-to-hip ratio
a
Student’s t-test, Chi square test were used to compare Gaussian data and the Mann-Whitney U-test was used to compare non-Gaussian data. Values were
expressed as mean ± SD and number (percentage)

Interestingly, it was observed that for the group with
high BMI (≥ 23), the frequency of abnormal SST in patients with MetS was significantly higher than that in patients without MetS. These differences were not
detected in individuals with a BMI < 23.

Relationship between age and sperm survival

Correlations between sperm survival parameters and
age, anthropometric findings, glucose levels, and the
lipid profiles of the individuals enrolled in this study
were analyzed (Table 5). Thus, a weak negative
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Table 3 Sperm survival test in men with and without metabolic
syndrome
SST

Total
(n = 195)

Metabolic syndrome
MetS
(n = 47)

Non-MetS
(n = 148)

Pvaluea

PR motility (%)
PR-0 h

76.03 ± 10.52

76.53 ± 9.65

75.87 ± 10.81

0.71

PR-24 h

30.99 ± 15.80

28.81 ± 14.96

31.69 ± 16.05

0.28

Viable-0 h

86.78 ± 6.91

86.53 ± 7.04

86.86 ± 6.89

0.77

Viable-24 h

54.98 ± 17.33

53.15 ± 17.24

55.57 ± 17.38

0.41

0.02

Viability (%)

Result of SST [n(%)]
Normal

82 (42.1%)

13 (27.7%)

69 (46.6%)

Abnormal

113 (57.9%)

34 (72.3%)

79 (53.4%)

SMI-24 h (%)

40.20 ± 18.60

36.87 ± 16.47

41.24 ± 19.16

0.16

SVI-24 h (%)

62.68 ± 17.34

60.79 ± 17.01

63.28 ± 17.57

0.39

PR progressive; SMI sperm motility index; SST sperm survival test; SVI sperm
vitality index
Sperm parameters were assessed after prepared by gradient
density centrifugation
Values were expressed as mean ± SD and the percentage
a
Comparison was performed between men with and without MetS using the
independent-samples t test and the chi-square test

correlation was observed between age and SST result indicators, including progressive motility (PR) (r = − 0.17,
p = 0.02), viability (r = − 0.18, p = 0.01), SMI (r = − 0.18,
p = 0.01), and SVI (r = − 0.19, p = 0.01) at 24 h. However,
the anthropometric findings, glucose levels, and lipid
profile did not show any correlation with any of the SST
result indicators.

Discussion
The effect of MetS on male fertility potential has been
documented in several studies, reportedly, the semen
volume, sperm concentration, progressive motility, and
vitality, are significantly lower in individuals with MetS
than in individuals without MetS [11–13]. Spermatozoa
with abnormal mitochondrial membrane potentials,
showing DNA fragmentation, have been observed in the
context of MetS [21]. Meanwhile, other studies have reported that MetS does not seem to have a negative impact on semen parameters [14, 15]. MetS is considered
as a condition of low-grade inflammation, including the

inflammation of reproductive tract, in the absence of
leukocytopenia [10]. Importantly, in this study, we
showed that indeed, under certain conditions, MetS is
associated with decreased sperm survival. The proportion of abnormal SST in the group with MetS was higher
than that in the group without MetS.
Patients presenting with overweight/obesity are more
likely to have abdominal fat storage, which potentially
affects sperm quality. Adipokines (the cytokines produced by adipose tissue) may stimulate the production
of reactive oxygen species (ROS) [22]; Further, obesity
has also been associated with increased intestinal permeability and metabolic endotoxemia on male reproductive
function, which then increase sperm DNA fragmentation
and chromatin alterations [23]. Reportedly, increased
scrotal adiposity is associated with testicular heat and
oxidative stress, which negatively affect semen quality,
sperm concentration, motility, and morphology [24, 25].
In this study, we observed that the prevalence of patients
with MetS among infertile cases was higher than the
general prevalence of MetS in Vietnamese [17] and
Chinese [26] men. Comparing individuals with normal
SST results with those with abnormal SST results
showed that the WC was significantly higher in participants with abnormal SST, while the WHR was not.
Therefore, in line with previous studies, our data
strongly suggested that MetS, being overweight, and
obesity are negatively associated with sperm survival.
Age is a factor that affects sperm survival. Advancement in age can lead to increased chromosomal breaks
and point mutations in germ cells. Laurentino et al.
identified a sharp increase in sperm DNA instability in
males aged over 60 years [27]. Further, Moskovtsev
et al., also reported that younger men showed a significantly lower decrease in SMI and SVI than men with 40
and above [6]. However, using conventional semen metrics to detect defects in spermatogenesis that are associated with increased DNA fragmentation in older men is
challenging [28]. In this study, the mean age of participants in abnormal SST group was higher than that of
the participants in the normal SST group; however, the
difference was not statistically significant. This may be
attributed to a selection bias; a relatively young population with a mean age of 34.7 ± 5.5 years was studied.

Table 4 Sperm survival test in men with and without metabolic syndrome classified in BMI groups
BMI

MetS subgroups

Abnormal SST

Normal SST

BMI < 23

Non-MetS (90, 88.2%)

47 (52.2%)

43 (47.8%)

MetS (12, 11.8%)

7 (58.3%)

5 (41.7%)

Non-MetS (58, 62.4%)

32 (55.2%)

26 (44.8%)

MetS (35, 37.6%)

27 (77.1%)

8 (22.9%)

BMI ≥ 23

P1-value

P2-value

0.690

0.02

0.033

BMI body mass index; MetS metabolic syndrome; SST sperm survival test
Values were expressed as the number (percentage)
Comparison was performed between men with and without MetS (P1-value) and in BMI groups (P2-value) using the chi-square test
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Table 5 Correlation between age, the anthropometry, the components of MetS and sperm survival test
SST
PR-0 h

PR-24 h

SMI-24 h

Viability-0 h

Viability-24 h

SVI-24 h

Age

BMI

WC

WHR

Glucose

Cholesterol

Triglycerides

HDL-C

LDL-C

r

−0.06

0.03

0.07

0.00

− 0.09

0.00

0.10

0.07

−0.07

p

0.40

0.69

0.32

0.97

0.19

0.95

0.16

0.30

0.33

r

−0.17

−0.07

−0.06

− 0.04

−0.07

− 0.01

−0.04

0.10

−0.04

p

0.02

0.30

0.39

0.55

0.32

0.95

0.57

0.15

0.57

*

r

−0.18

−0.08

−0.09

− 0.06

−0.07

− 0.01

−0.06

0.09

−0.04

p

0.01

0.25

0.23

0.42

0.31

0.90

0.37

0.20

0.62

r

−0.07

−0.04

0.02

−0.01

−0.09

− 0.03

0.05

0.08

−0.09

p

0.36

0.61

0.74

0.85

0.20

0.71

0.50

0.30

0.21

*

r

−0.18

−0.09

−0.05

− 0.08

−0.10

− 0.04

−0.03

0.10

−0.07

p

0.01

0.21

0.48

0.30

0.16

0.57

0.64

0.18

0.32

r

−0.19

−0.08

−0.06

− 0.09

−0.10

− 0.04

−0.05

0.09

−0.06

p

0.01

0.26

0.40

0.24

0.17

0.56

0.51

0.20

0.39

*

**

BMI body mass index; WC waist circumference; WHR waist-to-hip ratio; LDL-C low density lipoprotein cholesterol; HDL-C high density lipoprotein cholesterol. SST
sperm survival test. PR progressive; SMI sperm motility index; SVI sperm viability index

Importantly, a remarkably weak negative correlation was
observed between age and the SST parameters at 24 h,
including the PR, SMI, vitality, and SVI. This is consistent with the results reported in the above mentioned
previous studies.
Sperm preparation occurs in a medium that can improve the sperm viability. In the female tract, spermatozoa are protected from the harsh environment of the
vagina before they swim up to the uterus through the
cervical canal. Further, the cervical mucus filters out
spermatozoa with poor morphology and motility, cellular fragments, round cells, blood cells. Thus, only a minority of ejaculated spermatozoa actually pass through
the cervix [29, 30]. Additionally, the sperm preparation
method was conducted in a similar manner to eliminate
any unfavorable components that could produce toxic or
free oxygen radicals, which can eventually affect sperm
quality, especially sperm DNA integrity [31, 32]. Furthermore, given that initial sperm DNA damage has an effect
on their subsequent survival [6], the density gradient
sperm preparation method was used. With this method,
it was possible to remove leukocytes and dead spermatozoa; thus, the method plays an important role in the
consequent prevention of ROS generation.
Limitations to the study: as oligozoospermia was also
included into this study population, the endocrine profile (FSH, LH, and Testosterone) as well as results of the
genetic checkup (karyotype and AZF genes mutation)
might play a role. Unfortunately, not all participants in
this study had both hormonal tests and genetic screening. The remaining men were at the first steps of fertility
assessment and we did not collect all the requested information. These missing data constitute a limitation to
the study.

Conclusion
In this study, we reported that men of infertile couples
with MetS or abnormal WC show a higher rate of abnormal SST results. Although their SMI and SVI values
at 24 h showed no significant differences compare with
those of individuals without MetS, this was not the case
for individuals with high BMI. In this specific group,
men with MetS showed significantly higher occurrence
of abnormal SST results. Importantly, weak negative correlations between the ages of the participants and several
SST indicators were observed. Therefore, taken together,
our data suggest that MetS, together with age and BMI,
are independent factors associated with abnormal SST
results.
Abbreviations
BMI: Body mass index; HDL-C: High-density lipoprotein cholesterol; IVF: Invitro fertilization; LDL-C: Low-density lipoprotein cholesterol; MetS: Metabolic
syndrome; NCEP ATP III: National cholesterol education program adult
treatment panel III; PR: Progressive motility; ROS: Reactive oxygen species;
SMI: Sperm motility index; SST: Sperm survival test; SVI: Sperm vitality index;
TG: Triglycerides; WC: Waist circumference; WHO: World health organization;
WHR: Waist-to-hip ratio

Acknowledgements
We should like to thank the Vietnam Ministry of Education and Training for
grants. We should like to thank each of the study participants for their time
and effort. Our heartfelt gratitude also goes the Hue Center for Reproductive
Endocrinology and Infertility for recruiting subjects for this study.

Authors’ contributions
M.T.L, H.T.T.N developed the study concept and designed the study; H.T.T.N,
H.N.T.D collected the data for analysis, performed the statistical analysis and
drafted the first manuscript; All the authors contributed to data
interpretation, provided critical revision for important intellectual content
and approved the final manuscript.

Le et al. Basic and Clinical Andrology

(2021) 31:22

Funding
This work was supported by a research grant from Vietnam Ministry of
Education and Training (grant number DHH2018-04-78). The grantor had no
influence in the content of the publication.
Availability of data and materials
The dataset used or analyzed during the current study are available from the
corresponding author upon reasonable request.

Declarations

Page 9 of 9

13.

14.

15.

Ethics approval and consent to participate
The authors confirm that this work was approved by the Ethics Committee
of Hue University of Medicine and Pharmacy (Approval number H2019/436).
All the patients agreed to participate in the study by filling the consent form.

17.

Consent for publication
All authors consented to publication.

18.

Competing interests
The authors have no competing financial or other interests to declare in
relation to this manuscript.

16.

19.
20.

Received: 15 June 2021 Accepted: 10 August 2021
21.
References
1. Cornier M, Dabelea D, Hernandez T, Lindstrom R, Steig A, Stob N, et al. The
metabolic syndrome. Endocr Rev. 2008;29(7):777–822. https://doi.org/10.121
0/er.2008-0024.
2. Expert Panel on Detection E, Adults ToHBCi. Executive summary of the third
report of the National Cholesterol Education Program (NCEP) expert panel
on detection, evaluation, and treatment of high blood cholesterol in adults
(adult treatment panel III). JAMA. 2001;285(19):2486–97. https://doi.org/10.1
001/jama.285.19.2486.
3. Grundy S, Cleeman J, Daniels S, Donato K, Eckel R, Franklin B, et al.
Diagnosis and management of the metabolic syndrome: an American Heart
Association/National Heart, Lung, and Blood Institute scientific statement.
Circulation. 2005;112(17):2735–52. https://doi.org/10.1161/CIRCULATIONA
HA.105.169404.
4. Fuse M. Sperm survival test assessing the change of sperm motility after
long-term incubation. Nihon Sanka Fujinka Gakkai Zasshi. 1990;42(12):1678–
84.
5. Franco J, Mauri A, Petersen C, Baruffi R, Campos M, Oliveira J. Efficacy of the
sperm survival test for the prediction of oocyte fertilization in culture. Hum
Reprod. 1993;8(6):916–8. https://doi.org/10.1093/oxfordjournals.humrep.a13
8165.
6. Moskovtsev S, Willis J, White J, Mullen J. Sperm survival: relationship to agerelated sperm DNA integrity in infertile men. Arch Androl. 2009;53:29–32.
7. Coccia M, Becattini C, Criscuoli L, Fuzzi B, Scarselli G. A sperm survival test
and in-vitro fertilization outcome in the presence of male factor infertility.
Hum Reprod (Oxford, England). 1997;12:1969–73.
8. Zollner U, Martin S, Liebermann J, Steck T. Evaluation of a cut-off value for
sperm motility after different hours of incubation to select the suitable
reproductive technology (IVF or ICSI). Acta Obstet Gynecol Scand. 1999;
78(4):326–31.
9. de Araújo L, de Araújo FE, Fácio C, Bossoni M, Machado-Paula L, Corrente J,
et al. Efficacy of sperm motility after processing and incubation to predict
pregnancy after intrauterine insemination in normospermic individuals.
Reprod Biol Endocrinol. 2013;11(1):101. https://doi.org/10.1186/1477-782
7-11-101.
10. Martins A, Majzoub A, Agawal A. Metabolic syndrome and male fertility. W
World J Mens Health. 2019;37(2):113–27. https://doi.org/10.5534/wjmh.1
80055.
11. Lotti F, Corona G, Degli Innocenti S, Filimberti E, Scognamiglio V, Vignozzi L,
et al. Seminal, ultrasound and psychobiological parameters correlate with
metabolic syndrome in male members of infertile couples. Andrology. 2013;
1(2):229–39. https://doi.org/10.1111/j.2047-2927.2012.00031.x.
12. Ventimiglia E, Capogrosso P, Serino A, Boeri L, Colicchia M, La Croce G, et al.
Metabolic syndrome in White-European men presenting for secondary

22.

23.

24.
25.

26.

27.

28.

29.

30.
31.

32.

couple's infertility: an investigation of the clinical and reproductive burden.
Asian J Androl. 2017;19(3):368–73. https://doi.org/10.4103/1008-682X.175783.
Leisegang K, Henkel R, Agarwal A. Obesity and metabolic syndrome
associated with systemic inflammation and the impact on the male
reproductive system. A J Reprod Immunol. 2019;82:e13178.
Pilatz A, Hudemann C, Wolf J, Halefeld I, Paradowska-Dogan A, Schuppe H,
et al. Metabolic syndrome and the seminal cytokine network in morbidly
obese males. Andrology. 2017;5(1):23–30. https://doi.org/10.1111/andr.122
96.
Ehala-Aleksejev K, Punab M. The effect of metabolic syndrome on male
reproductive health: a cross-sectional study in a group of fertile men and
male partners of infertile couples. PLoS One. 2018;13:e0194395.
World Health Organization. WHO laboratory manual for the examination
and processing of human semen, 5th ed. World Health Organization; 2010.
https://apps.who.int/iris/handle/10665/44261.
Pham D, Nguyen H, Tran V, Tran T, Phan D, Ninh N. Prevalence of metabolic
syndrome in rural areas of Vietnam: a selected-randomized study. Arch
Pharm Pract. 2019;1:43.
Pan W, Yeh W. How to define obesity? Evidence-based multiple action
points for public awareness, screening, and treatment: an extension of
Asian-Pacific recommendations. Asia Pac J Clin Nutr. 2008;17(3):370–4.
WHO EC. Appropriate body-mass index for Asian populations and its
implications for policy and intervention strategies. Lancet. 2004;363:157–63.
WHO EC. Annex A: Current uses of waist circumferences and waist–hip
ratios, and recommended cut-off points. Waist circumference and waist–hip
ratio: report of a WHO expert consultation 2008;27–31.
Leisegang K, Bouic P, Henkel R. Metabolic syndrome is associated with
increased seminal inflammatory cytokines and reproductive dysfunction in a
case-controlled male cohort. Am J Reprod Immunol. 2016;76(2):155–63.
https://doi.org/10.1111/aji.12529.
Fernández-Sánchez A, Madrigal-Santillán E, Bautista M, Esquivel-Soto J, MoralesGonzález Á, Esquivel-Chirino C, et al. Inflammation, oxidative stress, and obesity. Int J
Mol Sci. 2011;12(5):3117–32. https://doi.org/10.3390/ijms12053117.
Pearce K, Hill A, Tremellen K. Obesity related metabolic endotoxemia is
associated with oxidative stress and impaired sperm DNA integrity. Basic
Clin Androl. 2019;29:1–9.
Durairajanayagam D, Sharma RK, du Plessis SS, Agarwal A. Testicular heat stress and
sperm quality. In: Male infertility. New York, NY.: Springer; 2014. p. 105–25.
Durairajanayagam D, Agarwal A, Ong C. Causes, effects and molecular
mechanisms of testicular heat stress. Reprod BioMed Online. 2015;30(1):14–
27. https://doi.org/10.1016/j.rbmo.2014.09.018.
Zhou H, Lai Y, Shan Z, Jia W, Yang W, Lu J, et al. Effectiveness of different
waist circumference cut-off values in predicting metabolic syndrome
prevalence and risk factors in adults in China. Biomed Environ Sci. 2014;
27(5):325–34. https://doi.org/10.3967/bes2014.057.
Laurentino S, Cremers J, Horsthemke B, Tüttelmann F, Czeloth K, Zitzmann
M, et al. A germ cell-specific ageing pattern in otherwise healthy men.
Aging Cell. 2020;19:e13242.
Petersen C, Mauri A, Vagnini L, Renzi A, Petersen B, Mattila M, et al. The
effects of male age on sperm DNA damage: an evaluation of 2,178 semen
samples. JBRA Assist Reprod. 2018;22(4):323–30. https://doi.org/10.5935/151
8-0557.20180047.
Malvezzi H, Sharma R, Agarwal A, Abuzenadah A, Abu-Elmagd M. Sperm
quality after density gradient centrifugation with three commercially
available media: a controlled trial. Reprod Biol Endocrinol. 2014;12(1):121.
https://doi.org/10.1186/1477-7827-12-121.
Harper M. Gamete and zygote transport. In: Nobil E, Neill J, editors. The physiology
of reproduction, vol. 1. 2nd ed. New York: Raven Press; 1994. p. 123–87.
Amiri I, Ghorbani M, Heshmati S. Comparison of the DNA fragmentation
and the sperm parameters after processing by the density gradient and the
swim up methods. J Clin Diagn Res. 2012;6(9):1451–3. https://doi.org/10.
7860/JCDR/2012/4198.2530.
Xue X, Wang W, Shi J, Zhang S, Zhao W, Shi W, et al. Efficacy of swim-up
versus density gradient centrifugation in improving sperm deformity rate
and DNA fragmentation index in semen samples from teratozoospermic
patients. J Assist Reprod Genet. 2014;31(9):1161–6. https://doi.org/10.1007/s1
0815-014-0287-z.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

