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Abstract

Objective
This study was designed to investigate the effect of metabolic syndrome on semen parameters and
reproductive hormones pro�le in Chinese infertile patients.

Methods
1564 patients who were diagnosed as primary infertility in our hospital from September 2018 to February
2022 were enrolled in this study, and they were divided into MetS group and non-MetS group. 60 healthy
men were enrolled as the control group. The general information, blood lipids, reproductive hormones and
sperm parameters were collected.The Mann-Whitney U test, the analysis of ANCOVA and Logistic
regression analysis were used to analyze the relationships between the different parameters.

Results
There were 166 patients with MetS in 1564 primary infertility patients, with a prevalence rate of 10.6%.
Compared with non-MetS infertility patients, the patients in MetS group had higher FSH, lower T, SHBG,
inhibin B and normal sperm morphology rate(P < 0.05). There was no signi�cant difference of sperm
concentration and motility between the MetS and non-MetS groups (P > 0.05). MetS and non-MetS
azoospemic infertile only differed in FSH levels (P < 0.05). Multivariate analysis of covariance showed
that waist circumference,HDL and TG had an in�uence on sperm morphology (P < 0.05). Logistic
regression analysis failed to prove MetS to be an independent risk factor of sperm morphology, but
showed that FSH, inhibin B and BMI are independent predictors of sperm concentration (P < 0.05).
Patients with increased age,FSH,BMI or lower inhibin B had lower sperm concentration.

Conclusions
MetS can affect reproductive hormone pro�le. MetS could be a potential contributing factor to male
infertility.

Background
    Infertility, de�ned by the World Health Organization as the inability to achieve a clinical pregnancy
despite 12 months of unprotected intercourse, is estimated to affects up to 12% of all men, and the
prevalence of male factor infertility may be increasing1,2. Notably, male fertility depends on certain
amounts of spermatozoa with su�ciently high quality. Many studies had reported the decline in semen
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parameters3. Sperm concentration, total sperm count, sperm progressive motility, and normal morphology
seem to decrease over the past of 20 years4,5. 

    With the increasing prevalence of obesity and diabetes, metabolic syndrome(MetS) has been
postulated to be a potential contributing factor for the decline in semen quality and a contributing factor
to male infertility65. MetS is characterized by a constellation of medical disorders, including abdominal
obesity, high blood pressure, high blood glucose, increased triglycerides, and lower high-concentration
lipoprotein cholesterol (HDL-C)7.Obesity becomes a major health problem and increases worldwide at an
alarming rate8. Recently, both clinical and experimental studies revealed the negative consequences of
obesity on male reproductive function. According to the clinical investigation, men with overweight or
obesity have lower sperm quality including lower sperm concentration, sperm motility, and increased
sperm DNA damage, comparing to those of normal BMI men9-11. Obesity was associated with a more
than 20% increased cases of subfertility and infertility 12,13. 

Insulin resistance and diabetes mellitus (DM) are well de�ned causes of female infertility. Glucose
metabolism is an important event in spermatogenesis. Moreover, glucose metabolism is also important
for maintaining basic cell activity, as well as speci�c functions, such as motility, and fertilization ability in
mature sperm14. Many studies in both human and animals have con�rmed the deleterious effect of
diabetes on male fertility, especially on sperm quality, such as sperm motility, sperm DNA integrity, and
ingredients of seminal plasma15-17. Dyslipidemia, de�ned by higher triglycerides and/or low HDL, is
another key component of MetS. The sperm membrane is composed of cholesterol, various saturated
fatty acids and unsaturated fatty acids. During spermatogenesis, sperm maturation, capacitation and
acrosome reaction, the lipid composition in sperm membrane changed signi�cantly. Abnormal lipid
metabolism was closely associated with the disorder of spermatogenesis, sperm maturation and
capacitation. Altered concentrations of plasma cholesterol may affect the reproductive function. 

Recently, there are some studies examining the impact of MetS on male reproductive function, but the
conclusions of these studies are not consistent18-22. And the relationship between MetS and male
infertility has never been analysed comprehensively in Chinese men. Therefore, the purpose of this study
was to investigate the prevalence of MetS in infertile patients, assess the role of MetS in male infertility
and its effects on hormone and semen parameters. 

1 Methods

1.1 Study Object
A total of 1564 patients diagnosed with primary infertility in our hospital from September 2018 to
February 2022 were enrolled, aged between 18 and 40 years old. Patients who have a genetic abnormality
(such as karyotypic abnormalities, Y chromosome microdeletions, etc.) were excluded. There were 64
patients with azoospermia, including 6 patients with MetS and 58 patients without MetS. After removing
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azoospermia patients, 160 patients diagnosed with MetS in infertility patients were assigned to the
experimental group, other 1340 infertile patients were assigned to the control group one, and 60 healthy
men were enrolled as the control group two.The study was approved by the Ethics Committee in our
hospital and informed consent was obtained from all participants.

1.2 MetS diagnostic criteria7

According to the NCEP-ATP III criteria, MetS patients has at least three of the following items: waist
circumference ≥ 102cm; triglycerides (TG) ≥ 1.7mmol/L, or have received medical treatment; high-
concentration lipoprotein (HDL) 1.03mmol/L, or have received drug therapy; blood pressure ≥ 
130/85mmHg, or have received medication; fasting blood glucose (FBG) ≥ 5.6mmol/L, or have received
medication.

1.3 Research Method
Basic information such as age, height, weight, waist circumference, and blood pressure of the patients
were collected. The testicular volume was measured by testicular ultrasonography. The fasting blood test
was performed before 10:00am, and it include: follicle-stimulating hormone (FSH), luteinizing hormone
(LH), prolactin (PRL), estradiol (E2), testosterone (T), free testosterone (fT), sex hormone binding globulin
(SHBG), inhibin B, fasting blood glucose (FBG), triglyceride (TG), high-density lipoprotein (HDL). Semen
sample was collected by masturbation in our sampling room after 4–7 days of abstinence. The
computer-assisted sperm quality analysis system and computer morphology analysis system were used
to perform semen analysis and sperm morphology detection. The sperm concentration < 20×10 6 /mL, (A 
+ B) grade sperm < 50% or A grade sperm < 25% are identi�ed as abnormal according to the reference
range established in our laboratory.

1.4 Instruments and Reagents
Fasting glucose levels were detecetd by a glucose oxidase method (Aeroset Abbott, Rome, Italy). CHO,
HDL, and TG levels were detecetd by the automated enzymatic colorimetric method (Aeroset Abbott). Sex
hormones were measured with a heterogeneous competitive magnetic separation assay (Bayer Immuno
1 System; Bayer Corp, Tarrytown, NY, USA). Inh B was detecetd by an enzyme-linked immunosorbent
assay (Beckman Coulter AMH Gen II ELISA, High Wycombe, UK). SHBG level was detecetd by a solid-
phase chemiluminescent immunometric assay on Immulite 2000 (Medical Systems SpA, Genoa, Italy).

1.5 Statistical analysis
Data analyses were performed using the SPSS 24.0 (SPSS Inc. Chicago, IL). The results were presented
as mean and Standard deviation(x ± s). Mann-Whitney U test was used for analysis of intergroup data.
ANCOVA was used to evaluate the in�uence of each index on semen parameters. Logistic regression
analysis was used to analyze the in�uence of each index on semen parameters. Statistical signi�cance
was de�ned at p < 0.05.

2 Results
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2.1 General data and comparison of hormone levels and
semen parameters
A total of 1564 infertile patients including 166 MetS patients were enrolled, and the prevalence of MetS
was 10.6%. The difference in age was statistically signi�cant between MetS and non-MetS infertile
patients (P < 0.05). In regard to hormone levels, FSH was higher while the T, SHBG, inhibin B in MetS
infertile patients were lower, and the differences were statistically signi�cant (P < 0.05). In terms of semen
parameters, the normal sperm morphology of MetS infertile patients was lower (P < 0.05), but there was
no signi�cant difference in sperm concentration and vitality (P > 0.05). The age, T, fT, FSH, SHBG, inhibin
B, sperm concentration, vitality, and normal morphology rate were different between MetS infertile
patients and healthy controls (P < 0.05). (Table 1) A total of 64 azoospemic infertile patients were
enrolled, among whom 6 patients were diagnosed with MetS. MetS and non-MetS azoospemic infertile
only differed in FSH levels (P < 0.05). (Table 2)

2.2 ANCOVA Multivariate Analysis Results
To analyze the effect of MetS and its components including blood pressure, waist circumference, FBG,
HDL, and TG on semen parameters, ANCOVA was used to adjust the in�uence of positive age, BMI, testis
volume, FSH, and inhibin B. The results showed that waist circumference, HDL, and TG had an effect on
sperm morphology. However, MetS or its components has no correlation with sperm concentration and
viability (P > 0.05). (Table 3)

2.3 Logistic regression analysis results
Logistic regression analysis was used to test the relationship between clinical indicators and pathologic
sperm parameters. At logistic univariate analysis, age, FSH, and inhibin B were related to sperm
concentrations (P < 0.05). Conversely, positive MetS were not. Similarly, at logistic UVA, no indicators
including MetS were associated with sperm motility and morphology. At logistic multivariate analysis,
only higher age, FSH, BMI and lower inhibin B reached independent predictor status for pathologic sperm
concentration (P < 0.05). (Table 4)

3. Discussion
The MetS is considered to be a collection of various metabolic risk factors that tend to cluster together,
and may result in an increased risk of cardiovascular disease (CVD) and type 2 diabetes mellitus (T2DM).
Although the exact aetiology and pathophysiology of MetS is still unknown, the syndrome comprises of
various interrelated conditions that share complex and multifactorial underlying mediators, mechanisms
and pathways23. The common features that cluster together include central obesity, dyslipidaemia,
hypertension, glucose intolerance and a pro-in�ammatory state24. Some individual components of MetS
have been proved to be associated with male infertility25,26. And there are an increase of studies
examining the relationship between MetS and male infertility18–22. Even if MetS has been suggested as a
possible risk factor that can attribute to infertility, the evidence linking MetS with impaired semen
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parameters is still con�icting. Here we analysed comprehensively the role of MetS in male infertility in
Chinese men.

The incidence of MetS has dramatically increased in the past years27,28. Due to the socioeconomic
growth, Chinese population is undergoing lifestyle transition, which may contribute to the progression of
metabolic disorders. The prevalence of the MetS in general population was about 33.9%, indicating that
MetS affects approximately 454 million adults in China28. We found that 10.7% of the infertile patients
met the NCEP-ATP III criteria in our clinic, which appears lower than that observed in the general
population. The reason may be that most male infertility patients are younger. However, this data is close
to the result of Ventimiglia20, which showed that MetS was found in 9.6% of 1337 patients with primary
infertility. Ehala reportd a higher incidence of MetS in infertile males compared to fertile males of the
same age range. 17.8% of 238 infertile males met the NCEP-ATP III criteria for MetS18. The differences
between studies may also come from the de�nition used and

the prevalence of MetS differences in different countries.

Many studies have reported lower semen volume, sperm concentration, total motility and normal
morphology in infertile patients with MetS19,21,29. We also found that infertile patients with MetS had
lower sperm concentration, progressive motility, and percentage of normal morphology compared with
healthy people. Similarly, Leisegang reported that mean ejaculation volume, total sperm count, sperm
concentration, motility and vitality were all reduced in the MetS group compared with the healthy group19.
However, while we divided these infertility patients into MetS and non-MetS groups to further investigate
the effect of MetS on male reproduction, we found that there was no signi�cant difference in sperm
concentration and viability between the two groups. Some other studies also indicate that MetS did not
seem to have a negative impact on semen parameters20,22,30,31. Consistent with their �ndings, we failed
to prove the effect of MetS alone on sperm concentration and progressive motility. The results of these
studies are different from those of Leisegang, which showed lower sperm count, sperm concentration,
motility and vitality in the MetS group19. The reason may be that Leisegang just compared the data of
MetS infertility between infertile patients and healthy controls.

It is worth mentioning that these infertile patients in the MetS and non-MetS groups differed in sperm
morphology, and MetS infertile patients had reduced normal morphology of sperm. We further performed
a covariance multivariate analysis, taking into account age, BMI, testicular volume, T, FSH, inhibin B and
other indicators which may in�uence sperm parameters, and we found that sperm morphology was
correlated to several components of MetS, including waist circumference, HDL and TG. Similarly, Lotti
showed that there is a speci�c association between MetS and some sperm parameters abnormalities,
including abnormal forward motility and morphology. However, after adjusting for testosterone levels,
Lotti found that only abnormal morphology retained a speci�c association with MetS21. In his another
study, he also proved that an increase in number of MetS components correlated negatively with normal
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sperm morphology32.All these results indicated that MetS may have a certain effect on sperm
morphology.

The spermatogenesis and sperm maturation are highly complex and specialized processes under strictly
regulatory mechanisms33. However, MetS can alter the environment essential for spermatogenesis and
sperm maturation. In general, MetS, especially the excessive visceral adiposity showed in our results, can
change hormone levels and promote chronic in�ammation and oxidative stress in reproductive tract, and
high fat content in scrotum area also causes an increase in scrotal temperature6,12,24. Thus, all these
consequences of obesity subsequently can damage the microenvironments of testes and epididymis,
which are crucial for the production and maturation of spermatozoa.

Dysregulation of lipid metabolism (dyslipidemia), de�ned by higher triglycerides and/or low HDL, is
another key component of MetS. The link between lipid homeostasis and fertility was found in patients
who suffered from hyperlipidemia or MetS. The sperm membrane is composed of various saturated fatty
acids (i.e. myristic acid, palmitic acid, stearic acid etc.) and unsaturated fatty acids (i.e. palmitoleic acid,
oleic acid, linoleic acid, arachidonic acid, docosahexaenoic acid etc.). The fatty acid composition of
spermatozoa is important for the sperm function, including sperm motility, viability and fertility. MetS,
associated with the chronic in�ammatory state, causes a higher metabolic rate and an increased ROS
formation in testicular tissue, reproductive tract and semen24. The membranous unsaturated fatty acids
are susceptible to ROS and result in lipid peroxidation. Mahfouz reported that an increase in seminal ROS
levels by 25% was associated with a 10% increase in sperm DNA fragmentation 34. And total antioxidant
capacity of the seminal plasma could be used for the diagnosis male infertility 35. Therefore, changes in
the fatty acid composition of spermatozoa could be one of the mechanisms underlying reduced sperm
quality. Meanwhile, membranal cholesterol is a main constituent in spermatozoa, which is quite various
during sperm maturation and capacitation. Dysregulation of cholesterol in sperm are proposed to cause
sperm morphological abnormalities, lower motility and premature acrosome reaction36. Overall, those
mechanism, including inappropriate lipid composition and cholesterol, increased ROS and DNA damage,
which may impaire spermatogenesis and sperm maturation and �nally lead to male subfertility or
infertility.

In regard to the effect of MetS on reproductive hormones, we found that infertile patients with MetS had
higher FSH, lower T, SHBG, and inhibin B levels compared with non-MetS infertile patients. There is
compelling evidence that low T levels are not only one of the adverse consequences of MetS but can be
also a risk factor37. A negative association between T levels and MetS have been con�rmed by many
researches20,21,29, and a systematic review with meta-analysis showed that MetS is independently
associated with an overall lower TT levels 37. FSH stimulates primary spermatocytes to undergo the �rst
division of meiosis, to form secondary spermatocytes. FSH enhances the production of androgen-binding
protein by the Sertoli cells of the testes by binding to FSH receptors on their basolateral membranes and
is critical for the initiation of spermatogenesis. Inhibin B may be used as a marker of spermatogenesis
function and male infertility. The mean serum inhibin B level is higher among fertile men than in infertile
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men38. As expected, a higher level of FSH and lower level of inhibin B, a common indicator of
spermatogenesis impairment, were seen in infertile patient with MetS compared to non-MetS infertile
patients.

Pathophysiological aspects of altered fertility associated with MetS are complex. One main reason of
infertility seems to be a defect in the hypothalamo-pituitary gonadal axis, which may lead to a diminished
LH secretion and thus a lower T production. It was associated with higher aromatization of T into
estrogen in the excessive adipose tissue39. Furthermore, higher leptin concentrations secreted from
excess adipose tissues in patients can inhibit T secretion40. Leptin and its receptors were expressed in
testis, and our previous study have showed that leptin may have local effects on the function of testis
and spermatogenesis41. Hyper-insulinemia also inhibits T secretion through insulin receptors which are
expressed on Leydig cell. Another mechanism of hypogonadism in patients with MetS is the lower levels
of SHBG synthesis due to insulin resistance42.

Inevitably, our study had some limitations. There is evidence of an association between MetS and chronic
in�ammation or proin�ammation state, and leukocytes may have a positive association with normal
morphology and progressive motility in semen samples at a concentration of 0–1 x 106/mL 43,but we did
not detect in�ammation indictor such as leukocytes. Studies showed that excessive oxidative stress is
one of the potential mechanisms leading to poor sperm quality in MetS males, but it is a pity that it is we
did not detect the level of oxidative stress in the study. In addition, because of the variety of causes
leading to male infertility and the differences in genetic background, lifestyle and living environment, our
results might have some confounding errors.

In conclusion, in the current study, we found that MetS can affect reproductive hormone pro�le, and MetS
patients had higher FSH level, as well as lower T, SHBG, and inhibin B levels compared to infertile patients
without MetS. On the contrary, MetS couldn't affect semen parameters. Additional multicenter, larger
sample research is required to further validate our observations.
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Table.1  Characteristics and descriptive statistics of control and patients according to positivity
NCEP/ATPIII criteria for MetS

  MetS non-MetS control P
valuea

P
valueb

n 160 1340 60    

age(year) 30.17±3.89 27.46±2.62 25.33±2.98 0.002 0.001

testis volume(ml) 14.45±2.9 13.53±2.35 15.22±3.89 0.061 0.098

varicocele (n) 19 142 0 0.659 0.019*

testicular disease (n) 1 3 0 0.907* 1*

FSH  (mUI/mL) 7.29±3.5 4.91±2.2 4.21±3.1 0.001 0.001

LH  (mUI/mL) 4.08±2.37 3.95±1.73 3.98±2.31 0.823 0.843

PRL  (ng/mL) 12.08±4.07 13.78±5.56 12.12±3.89 0.164 0.673

E2 (pg/mL) 36.86±16.85 38.57±15.56 38.23±11.23 0.393 0.182

T (ng/mL) 4.02±1.78 4.64±1.33 5.12±1.89 0.026 0.001

fT (ng/mL) 7.53±3.92 7.75±5.43 8.72±4.23 0.309 0.034

SHBG  (nmol/L) 26.12±4.34 30.32±5.07 32.11±4.56 0.002 0.001

Inhibin B (pg/mL) 108.62±43.2 150.11±56.48 148.56±47.72 0.003 0.001

Semen volume(ml) 3.34±1.20 2.95±1.48 3.22±1.12 0.317 0.574

Sperm concentration
(x106/ml)

17.35±13.2 22.50±18.89 29.89±15.45 0.412 0.001

Progressive motility (%) 21.82±17.2 28.49±24.72 60.12±9.33 0.572 0.001

Normal morphology (%) 9.85±4.09 12.26±2.42 12.12±1.47 0.032 0.001
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a infertile patients with MetS and infertile patients without MetS  b infertile patients with MetS and
control  *acontinuity correction χ2 test

 

 

 

 

Table.2  Characteristics and descriptive statistics of azoospemic patients with or without MetS

  MetS non-MetS P value

n 6 58 0.742

age(year) 28.12±2.46 27.35±2.62 0.067

testis volume(ml) 12.45±1.6 13.26±2.33 0.064

FSH  (mUI/mL) 13.69±4.6 11.24±3.2 0.014

LH  (mUI/mL) 6.32±2.87 5.99±3.13 0.083

PRL  (ng/mL) 13.06±3.97 12.69±3.16 0.112

E2 (pg/mL) 38.12±12.23 37.98±11.23 0.182

T (ng/mL) 4.12±1.02 4.24±1.43 0.223

fT (ng/mL) 6.63±3.34 7.05±4.03 0.119

SHBG  (nmol/L) 28.12±5.11 29.34±4.87 0.222

Inhibin B (pg/mL) 57.12±13.2 56.48±11.3 0.325

 

 

Table.3   ANCOVA Multivariate Analysis



Page 14/14

  Sperm concentration
(x106/ml)

Progressive motility
(%)

Normal morphology
(%)

MetS 0.876 0.977 0.104

Hypertension  0.931 0.390 0.309

waist
circumference(cm)

0.823 0.865 0.026

FBG 0.380 0.078 0.128

HDL 0.111 0.164 0.015

TG 0.933 0.684 0.047

 

 

 

 

 

 

Table.4   Logistic regression analysis results

  Sperm concentration
(x106/ml)

Progressive motility (%) Normal morphology (%)

 UVA model  MVA model  UVA
model

 MVA
model

 UVA
model

 MVA
model

age 0.041 0.018 0.252 0.135 0.184 0.236

BMI 0.708 0.033 0.194 0.461 0.692 0.120

testis
volumn

0.240 0.314 0.882 0.929 0.059 0.068

FSH 0.019 0.007 0.630 0.220 0.214 0.071

Inhibin B 0.002 0.005 0.071 0.065 0.722 0.793

MetS 0.483 0.076 0.214 0.949 0.977 0.651

 


