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links between cholesterolemia, steroidogenesis, and male fertility.10–12 
In addition, cholesterol-fed rats and rabbits showed reduced spermatid 
cell numbers, reduced seminiferous tubules’ diameters, and smaller 
Leydig cell nuclear dimensions.13 Even cholesterol-fed rats with mild 
hyperlipidemia exhibited significantly reduced sperm motility and 
density in the cauda epididymides and testis.14,15 A small number of 
human population studies have focused on lipid concentrations and 
semen quality of men in couples with infertility.16–18 However, no study 
has focused on the associations between lipid profiles and semen 
quality in the general population. This study intended to assess the 
relationships between lipid profiles and sperm parameters in a large 
cohort of males representing the general population of Taiwan, China.

MATERIALS AND METHODS
Design and subjects population
Initially, a total of 7920 healthy Taiwanese males aged 18 years or old 
who had participated in a standard medical screening program run 
by a private firm (MJ Health Management Institution, Taipei, Taiwan, 
China) between January 2008 and December 2014 were included in 
this study. The firm attracted paying participants all over Asia especially 
Taiwan because of its reputation for quality service, operational 

INTRODUCTION
Evidence has indicated that decreasing semen quality is associated 
with increased obesity. A  population study performed in France 
with a large sample size of 10 665 males showed that a higher body 
mass index (BMI) is not only associated with deleterious effects on 
sperm concentration but also sperm motility.1 Our recent study of 
7630 Asian individuals indicated that a lower sperm concentration 
and lower normal sperm morphology are associated with increasing 
body adiposity.2 Higher intakes of saturated fat and processed meat 
were found to be negatively related to semen quality in studies 
performed in the USA and Spain,3,4 as well as in Asian countries.5 
Besides, hyperlipidemia may play an important role in semen quality in 
addition to other environmental or lifestyle factors.6,7 The recent famous 
Longitudinal Investigation of Fertility and the Environment  (LIFE) 
study indicated that serum lipid levels may affect semen parameters, 
specifically sperm head morphology, highlighting the importance of 
cholesterol and lipid homeostasis for male fecundity.8

A potential link between serum lipid and human fertility is 
feasible, on account of cholesterol being the main source for steroid 
synthesis, and playing a determinant role in steroidogenesis and 
spermatogenesis.9 Many animal studies have provided evidence of 
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efficiency, and key facilities that were easily accessible. Membership of 
the program was required, with discounts in examination fee offered for 
people with a large-sized family or related individuals, and for regular 
members who came back for repeat examinations in subsequent years. 
These incentives succeeded in attracting and sustaining a large number 
of customers. Each participant signed a consent form authorizing MJ 
Health Management Institution to process the data generated from 
medical screening. Ethical reviews (Institutional Review Boards) were 
processed and approved by the MJ Health Management Institution and 
Tri-Service General Hospital in Taiwan, China. Data that could identify 
individuals were removed, and the participants remained anonymous 
during the entire study.

Semen collections and quality analyses
Semen samples were collected via masturbation following at least 3 days 
of abstinence using home-collection kits with a sterile plastic container, 
and the samples were sent to the laboratory for analysis within 1 h. Four 
dependent semen parameters, including sperm concentration (SC), 
total sperm motility (TSM), progressive motility (PRM), and normal 
sperm morphology (NSM), were recorded. Sperm concentration was 
evaluated by hemocytometer (Improved Neubauer; Hauser Scientific, 
Inc., Horsham, PA, USA). Samples were diluted in a solution of 
0.6 mol l−1 NaHCO3 and 0.4% (v/v) formaldehyde in distilled water. 
Sperm motility was classified to progressive motility and total sperm 
motility (progressive and nonprogressive motility) according to the 
WHO 2010 classification.19 Briefly, 10 µl of well-mixed semen was 
placed on a clean glass slide that had been kept at 37°C and covered 
with a 22 mm × 22 mm coverslip. The slide was placed on the heating 
stage of a microscope at 37°C and immediately examined at  ×400 
magnification.

Measurements of anthropometric indexes and lipid profiles
Anthropometric indexes including BMI, waist circumference (WC), hip 
circumference (HC), body fat percentage, and biochemical data were 
recorded. While the semen samples were being collected, venous blood 
punctures were processed to collect blood samples after a minimum of 
an 8-h fast in the same day for the measurement of serum triglycerides, 
total cholesterol, high-density lipoprotein  (HDL), low-density 
lipoprotein (LDL), and very low-density lipoprotein (VLDL) cholesterols.

Statistical analyses of the relationship
We used quartiles to evaluate the relationships between the lipid profiles 
and semen quality. Differences in the sperm parameters in individuals 
with varying degrees of lipid, as assessed by the different lipid profiles, 
were compared by one-way analysis of variance (ANOVA). The P values 
were calculated by the linear regression models after adjusting for 
confounding factors.

Abnormalities of sperm parameters in this study were defined as 
SC <15 × 106 ml−1, TSM <40%, and PRM <32% according to the WHO 
2010 criteria.19 Otherwise, we adopted the criterion of abnormal NSM 
as <30% after consulting the WHO 1999 classification20 and the LIFE 
study definition21 on account of the latest WHO 2010 criteria (<4%) 
being too low to analyze the trend with different lipid profiles.

The frequencies of abnormal sperm parameters in each quartile 
were analyzed by Chi-square tests. We assessed the relationships 
between lipid profiles and semen parameters by first conducting logistic 
trend analyses, and then estimating the odds ratios (ORs). We also 
applied questionnaires to assess the relationship between smoking, 
dietary patterns, and semen quality, as described in detail previously.2,5

To avoid the risk of false positive results from the potential 
correlated factors, the four groups of triglyceride, total cholesterol, 

HDL, LDL, and VLDL, and smoking duration divided by quartile 
were assessed using one-way ANOVA with adjusting age, BMI, 
WC, HC, body fat (%), and smoking, and P < 0.05 was considered 
statistically significant. All analyses were conducted using SPSS 
statistical software (version 13.0, SPSS Inc., Chicago, IL, USA). BMI 
was calculated as weight in kilograms divided by height in meters 
squared. WC was obtained from the mid-point between the iliac 
crest and the costal margin, and HC was measured at the widest point 
around the greater trochanter. Measurements of percentage body 
fat were performed by the bioelectrical impedance analysis  (BIA) 
technique using a body-composition analyzer Tanita TBF-410 (Tanita 
Corporation, Tokyo, Japan).

RESULTS
A total of 7601 men were enrolled in the study after excluding 
individuals with incomplete records and individuals with a history 
of major systemic disease or reproductive organ disorder. The 
median age of the participants in this cross-sectional study was 
31 years (range: 18–70 years), with a median height of 172 cm (range: 
151.4–193.5 cm) and a median body weight of 69.40 kg (range: 
39.2–160.5 kg). The median BMI of whole population was 23.43 kg m−2 
(range: 13.53–54.24 kg m−2), which including 68.5% of participants 
within a normal weight distribution and 31.4% were obese or 
overweight. The median values of the lipid parameters were triglyceride  
(96 mg dl−1 [range: 19–1684 mg dl−1]), total cholesterol (187.0 mg dl−1 
[range: 77–379 mg dl−1]), HDL (49.0 mg dl−1 [range: 18–134 mg dl−1]), 
LDL (114.0 mg dl−1 [range: 22–277 mg dl−1]), and VLDL (19.0 mg dl−1 
[range: 4–153 mg dl−1]). The median sperm parameters were SC 
(44.6 × 106 ml−1 [range: 0.01 × 106–700.00 × 106 ml−1]), TSM (68.0% 
[range: 0.01%–98.00%]), PRM (45.0% [range: 0.1%–94.0%]), and 
NSM (69.0% [range: 0.1%–98.0%]) (Table 1), and the prevalences of 
abnormal semen quality were 9.6%, 4.8%, 19.8%, and 0.8%, respectively.

By analyzing the correlations between lipid profiles and semen 
parameters, we found that SC was statistically positively associated 
with triglyceride (adjusted P = 0.001) and VLDL (adjusted P = 0.005) 
(Table 2). The total cholesterol level was correlated with increasing 
TSM (adjusted P < 0.001) and PRM (adjusted P < 0.001) (Table 2). 
Similarly, the LDL level had positive associations with TSM and PRM, 
with statistical significance (both adjusted P = 0.008). Even though 
similar J-shaped correlations were noted between all lipid profiles and 
NSM, LDL and cholesterol levels with statistical significance (adjusted 
P = 0.017, P = 0.021, respectively), even for the lowest NSMs, were 
found in the third quartile.

In order to illustrate the complex relationships between lipid 
profiles and semen quality, semen quality as assessed by the prevalence 
of abnormal sperm parameters was examined in the quartiles of 
all lipid profiles  (triglyceride, total cholesterol, HDL, LDL, and 
VLDL cholesterols). The reverse associations were found between 
the prevalence of abnormal TSM, PRM, and cholesterol levels with 
statistical significance (TSM <40%, P = 0.008; PRM <32%, P = 0.019) 
(Table  3). In addition, the significant reverse J-shaped correlations 
were identified between HDL, triglyceride, VLDL, and abnormal NSM 
prevalence (NSM <30%, P = 0.010, P = 0.037, P = 0.025, respectively), 
with the highest abnormal NSM prevalence found in the third 
quartile  (Table 3). Similar reverse J-shaped trends were also found 
between LDL, cholesterol, and abnormal NSM. Interestingly, according 
to quartile comparisons, the men within the third HDL quartile 
had 2.52-fold higher odds ratio of abnormal NSM (95% confidence 
interval [CI]: 1.17–5.44) as compared to those within the lowest HDL 
quartile (Table  4). In addition, in the individuals within the third 
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quartile, triglyceride and VLDL odds ratios of an abnormal NSM 
were 2.18-fold higher (95% CI: 1.03–4.46) and 2.28-fold higher (95% 
CI: 1.10–4.72), respectively, than that in individuals within the lowest 
lipid profile quartile.

DISCUSSION
Previously, we have discussed the importance of obesity and different 
dietary patterns in terms of their effects on semen quality.2,5 As 

expected, and similar to previous reports, all semen parameters showed 
an inverse correlation with age. In terms of an association with cigarette 
smoking, SC had a nominally significant inverse association with 
smoking duration. Other semen parameters, including TSM, PRM, 
and NSM, had a reverse trend with each smoking duration quartile, 
without statistical significance; data were reported in detail previously.2,5 
In this study, we examined this topic again and extended our original 
study duration to collect and analyze more lipid profile data.

Table 1: Characteristics of the study participants (n=7601)

Characteristic Median (Quartile 1, 3) P a

Cholesterol 
<166 mg dl−1 (n=1876)

Cholesterol: 
166–186 mg dl−1 (n=1892)

Cholesterol: 187–210 mg dl−1 
(n=1916)

Cholesterol 
≥211 mg dl−1 (n=1917)

Total (n=7601)

Age (year) 30.00 (28, 33) 31.00 (29, 34) 31.00 (29, 34) 31.00 (29, 35) 31.00 (29, 34) <0.001

BMI (kg m−2) 22.51 (20.71, 24.89) 23.19 (21.37, 25.22) 23.75 (21.99, 25.80) 24.24 (22.44, 26.46) 23.45 (21.60, 25.62) <0.001

WC (cm) 78.00 (73, 83) 80.00 (75, 85) 81.00 (76, 87) 83.00 (78, 88) 80.00 (75, 86) <0.001

HC (cm) 95.00 (91, 99) 96.00 (92, 100) 96.00 (93, 100) 97.00 (93, 101) 96.00 (92, 100) <0.001

Body fat (%) 21.30 (17.8, 25.1) 22.60 (19.2, 25.9) 24.00 (20.7, 27.2) 25.00 (21.7, 28.5) 23.20 (19.8, 26.8) <0.001

CRP (mg l−1) 0.10 (0.1, 0.2) 0.10 (0.1, 0.2) 0.10 (0.1, 0.2) 0.10 (0.1, 0.2) 0.10 (0.1, 0.2) 0.488

Prolactin (µg l−1) 11.12 (8.8, 15.0) 10.64 (8.20, 14.33) 10.80 (8.4, 14.7) 10.80 (8.2, 14.8) 10.90 (8.4, 14.7) 0.848

SCb (×106 ml−1) 43.60 (26, 70) 43.40 (26.0, 70.4) 43.15 (25.60, 71.35) 45.00 (27.0, 69.6) 43.80 (26.2, 70.2) 0.613

TSMb (%) 68.00 (57, 75) 68.00 (56.5, 75.0) 68.00 (57, 75) 68.00 (58, 75) 68.00 (57, 75) 0.238

PRMb (%) 45.00 (35, 56) 45.00 (34, 58) 47.00 (35, 59) 48.00 (35, 60) 46.00 (35, 59) 0.036

NSMb (%) 69.00 (57, 80) 70.00 (58, 80) 69.00 (57, 79) 70.00 (59, 79) 69.00 (58, 80) 0.520
aBy one‑way ANOVA; bThe P values of SC, TSM, PRM, and NSM were 0.135, <0.001, <0.001, and 0.021, respectively, after adjustment for age, BMI, WC, HC, body fat percentage, 
and smoking duration (year) by linear regression models. ANOVA: analysis of variance; BMI: body mass index; WC: waist circumference; HC: hip circumference; CRP: C‑reactive protein; 
SC: sperm concentration; TSM: total sperm motility; PRM: progressive motility; NSM: normal sperm morphology

Table 2: Lipid profiles by semen parameters

Characteristic Quartile Mean (95% CI)

Concentration  
(× 106 ml−1)

Percentage of total 
motility (%)

Percentage of 
progressive motility (%)

Percentage of normal 
morphology (%)

HDL (mg dl−1) Q1: <42 53.13 (51.18, 55.09) 65.15 (64.44, 65.85) 46.36 (45.59, 47.12) 68.12 (67.44, 68.81)

Q2: 42–48 52.25 (50.49, 54.01) 65.11 (64.45, 65.77) 46.07 (45.34, 46.80) 66.36 (65.70, 67.01)

Q3: 49–56 52.86 (50.95, 54.77) 64.73 (64.04, 65.41) 46.18 (45.45, 46.91) 66.57 (65.85, 67.29)

Q4: >57 54.00 (52.23, 55.78) 65.29 (64.65, 65.94) 46.13 (45.41, 46.84) 67.76 (67.08, 68.43)

P a, adjusted P 0.605, 0.682 0.685, 0.953 0.958, 0.932 <0.001, 0.066

LDL (mg dl−1) Q1: <96 53.87 (51.91, 55.83) 64.70 (64.02, 65.38) 45.83 (45.10, 46.55) 67.19 (66.51, 67.88)

Q2: 96–113 52.19 (50.43, 53.96) 64.81 (64.15, 65.48) 46.00 (45.25, 46.76) 67.02 (66.33, 67.71)

Q3: 114–134 53.89 (52.01, 55.78) 65.20 (64.50, 65.90) 46.02 (45.27, 46.77) 67.01 (66.32, 67.70)

Q4: >135 52.15 (50.40, 53.90) 65.57 (64.93, 66.21) 46.82 (46.11, 47.53) 67.52 (66.85, 68.20)

P a, adjusted P 0.345, 0.838 0.258, 0.008 0.235, 0.008 0.707, 0.017

Cholesterol (mg dl−1) Q1: <166 52.35 (50.64, 54.05) 64.72 (64.07, 65.38) 45.48 (44.77, 46.18) 67.40 (66.73, 68.07)

Q2: 166–186 53.56 (51.69, 55.43) 64.84 (64.18, 65.50) 45.90 (45.17, 46.63) 67.20 (66.53, 67.87)

Q3: 187–210 54.05 (52.22, 55.87) 65.18 (64.51, 65.85) 46.41 (45.68, 47.13) 66.81 (66.13, 67.48)

Q4: >211 53.24 (51.44, 55.05) 65.60 (64.97, 66.23) 46.90 (46.20, 47.60) 67.46 (66.80, 68.11)

P a, adjusted P 0.613, 0.135 0.238, <0.001 0.036, <0.001 0.520, 0.021

Triglyceride (mg dl−1) Q1: <70 52.39 (50.67, 54.12) 65.07 (64.42, 65.72) 45.59 (44.88, 46.30) 67.45 (66.78, 68.13)

Q2: 70–96 53.00 (51.29, 54.71) 65.32 (64.69, 65.96) 46.26 (45.55, 46.96) 67.91 (67.24, 68.58)

Q3: 97–141 53.24 (51.44, 55.05) 65.10 (64.44, 65.77) 46.31 (45.58, 47.05) 66.72 (66.05, 67.39)

Q4: >142 53.34 (51.51, 55.18) 64.84 (64.18, 65.50) 46.54 (45.82, 47.26) 66.79 (66.14, 67.44)

P a, adjusted P 0.435, 0.001 0.781, 0.104 0.290, 0.089 0.040, 0.422

VLDL (mg dl−1) Q1: ≤14 52.53 (50.88, 54.19) 65.18 (64.55, 65.80) 45.69 (45.01, 46.36) 67.60 (66.96, 68.25)

Q2: 15–19 52.76 (50.94, 54.57) 65.27 (64.60, 65.95) 46.28 (45.52, 47.04) 67.74 (67.03, 68.46)

Q3: 20–28 52.80 (50.91, 54.69) 65.02 (64.33, 65.71) 46.28 (45.53, 47.03) 66.59 (65.89, 67.29)

Q4: ≥29 54.16 (52.14, 56.19) 64.79 (64.09, 65.49) 46.54 (45.78, 47.30) 66.79 (66.10, 67.48)

P a, adjusted P 0.609, 0.005 0.779, 0.177 0.395, 0.072 0.046, 0.472
aP values were calculated by one‑way ANOVA. Adjusted P values were adjusted for age, BMI, WC, HC, body fat percentage, and smoking duration (year) by linear regression models. 
ANOVA: analysis of variance; HDL: high‑density lipoprotein; LDL: low‑density lipoprotein; VLDL: very low‑density lipoprotein; BMI: body mass index; WC: waist circumference; HC: hip 
circumference; CI: confidence interval
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Various studies have focused on the associations between lipid 
profiles and semen quality. However, studies in this field have 
reported inconsistent conclusions and results. For example, Ergun 
et al.18 declared that high serum VLDL and total triglyceride levels 

were statistically correlated with low sperm motility in a study of 18 
infertile men. However, a study conducted by Hagiuda et al.17 concluded 
that the serum triglyceride level is positively associated with sperm 
morphological traits and has no significant relationship with sperm 

Table 3: Associations between abnormal semen parameters and lipid profiles

Characteristic Quartile Concentration 
<15×106 ml−1, n (%)

Total motility 
<40%, n (%)

Progressive motility 
<32%, n (%)

Normal morphology 
<30%, n (%)

HDL (mg dl−1) Q1: <42 155 (9.1) 76 (4.5) 350 (20.7) 9 (0.5)

Q2: 42–48 190 (10.1) 90 (4.8) 370 (19.7) 15 (0.8)

Q3: 49–56 180 (9.9) 101 (5.6) 352 (19.5) 24 (1.3)

Q4: >57 180 (9.7) 85 (4.6) 367 (19.8) 8 (0.4)

P a 0.784 0.410 0.837 0.010

LDL (mg dl−1) Q1: <96 175 (9.7) 89 (4.9) 357 (19.8) 10 (0.6)

Q2: 96–113 161 (9.2) 90 (5.2) 360 (20.7) 15 (0.9)

Q3: 114–134 182 (9.8) 103 (5.6) 391 (21.2) 18 (1.0)

Q4: >135 186 (10.2) 69 (3.8) 330 (18.1) 12 (0.7)

P a 0.816 0.071 0.101 0.457

Cholesterol (mg dl−1) Q1: <166 180 (9.6) 98 (5.2) 381 (20.3) 11 (0.6)

Q2: 166–186 194 (10.2) 97 (5.1) 415 (21.9) 14 (0.7)

Q3: 187–210 169 (8.8) 94 (4.9) 369 (19.3) 18 (0.9)

Q4: >211 193 (10.0) 76 (4.0) 345 (18.0) 15 (0.8)

P a 0.451 0.008 0.019 0.665

Triglyceride (mg dl−1) Q1: <70 183 (9.7) 95 (5.0) 387 (20.5) 10 (0.5)

Q2: 70–96 190 (10.1) 78 (4.1) 359 (19.1) 12 (0.6)

Q3: 97–141 196 (10.2) 100 (5.2) 398 (20.8) 22 (1.1)

Q4: >142 167 (8.7) 91 (4.8) 366 (19.2) 14 (0.7)

P a 0.402 0.437 0.441 0.037

VLDL (mg dl−1) Q1: ≤14 197 (9.6) 104 (5.1) 421 (20.5) 11 (0.5)

Q2: 15–19 165 (10.0) 65 (4.0) 312 (19.0) 10 (0.6)

Q3: 20–28 188 (10.3) 98 (5.4) 372 (20.6) 22 (1.2)

Q4: ≥29 154 (9.0) 84 (4.9) 333 (19.5) 12 (0.7)

P a 0.540 0.232 0.579 0.025
aBy the Chi‑square test. HDL: high‑density lipoprotein; LDL: low‑density lipoprotein; VLDL: very low‑density lipoprotein

Table 4: The odds ratios and 95% confidence intervals of abnormal semen parameter associations with lipid profiles

Characteristic Quartile OR (95% CI)

Concentration <15×106 ml−1 Total motility <40% Progressive motility <32% Normal morphology <30%

HDL (mg dl−1) Q1: <42 Reference Reference Reference Reference

Q2: 42–48 1.12 (0.89, 1.40) 1.07 (0.79, 1.47) 0.94 (0.80, 1.11) 1.51 (0.66, 3.46)

Q3: 49–56 1.10 (0.88, 1.38) 1.26 (0.93, 1.71) 0.93 (0.79, 1.10) 2.52 (1.17, 5.44)*

Q4: >57 1.07 (0.85, 1.34) 1.03 (0.75, 1.41) 0.95 (0.81, 1.12) 0.81 (0.31, 2.11)

LDL (mg dl−1) Q1: <96 Reference Reference Reference Reference

Q2: 96–113 0.95 (0.76, 1.19) 1.05 (0.78, 1.42) 1.05 (0.89, 1.24) 1.56 (0.70, 3.47)

Q3: 114–134 1.02 (0.82, 1.27) 1.14 (0.85, 1.55) 1.09 (0.92, 1.28) 1.77 (0.81, 3.83)

Q4: >135 1.06 (0.85, 1.31) 0.76 (0.55, 1.04) 0.89 (0.76, 1.05) 1.19 (0.51, 2.75)

Cholesterol (mg dl−1) Q1: <166 Reference Reference Reference Reference

Q2: 166–186 1.07 (0.87, 1.33) 0.99 (0.79, 1.20) 1.10 (0.94, 1.29) 1.26 (0.57, 2.78)

Q3: 187–210 0.91 (0.73,1.13) 0.95 (0.68, 1.11) 0.94 (0.80, 1.10) 1.61 (0.76, 3.41)

Q4: >211 1.05 (0.85, 1.30) 0.80 (0.59, 1.09) 0.86 (0.73, 1.01) 1.34 (0.61, 2.91)

Triglyceride (mg dl−1) Q1: <70 Reference Reference Reference Reference

Q2: 70–96 1.05 (0.85, 1.30) 0.82 (0.60, 1.11) 0.92 (0.78, 1.08) 1.21 (0.52, 2.80)

Q3: 97–141 1.06 (0.86, 1.31) 1.04 (0.78, 1.39) 1.02 (0.87, 1.19) 2.18 (1.03, 4.46)*

Q4: >142 0.89 (0.72, 1.11) 0.95 (0.70, 1.27) 0.92 (0.79, 1.08) 1.39 (0.62, 3.14)

VLDL (mg dl−1) Q1: ≤14 Reference Reference Reference Reference

Q2: 15–19 1.05 (0.85, 1.31) 0.77 (0.56, 1.06) 0.91 (0.77, 1.07) 1.14 (0.48, 2.68)

Q3: 20–28 1.09 (0.88, 1.35) 1.07 (0.81, 1.42) 1.00 (0.86, 1.17) 2.28 (1.10, 4.72)*

Q4: ≥29 0.93 (0.75, 1.16) 0.97 (0.72, 1.30) 0.94 (0.80, 1.10) 1.31 (0.58, 2.98)

*P<0.05. HDL: high‑density lipoprotein; LDL: low‑density lipoprotein; VLDL: very low‑density lipoprotein; CI: confidence interval; OR: odds ratio
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concentration or motility. The LIFE study found that high serum levels 
of total cholesterol, free cholesterol, and phospholipids were statistically 
associated with a low percentage of spermatozoa with intact acrosomes 
and a smaller sperm head area and perimeter.8

The results of these studies were not wholly consistent with the 
conclusions of our study. One of the reasons for this may be due to the 
bias inherent in selecting study participants in the previous studies. 
As those studies explored the lipid profiles and semen quality not 
only in men of infertile couples but also in those seeking pregnancy, 
reproductive problems were often present in those individuals. On the 
other hand, the participants in our study were a large sample of the 
general male population who underwent an annual health examination, 
and we excluded those with a history of major systemic disease or 
reproductive organ disorder.

Our study demonstrated that the total cholesterol level was 
positively correlated with total sperm motility and progressive 
motility with statistical significance. A  similar J-shaped correlation 
was observed between the total cholesterol, LDL level, and NSM with 
statistical significance. The triglyceride and VLDL lipid profiles showed 
statistically positive associations with SC.

As per the results of the LIFE study, which enrolled 501  male 
partners of couples seeking pregnancy,8 they found that triglyceride 
levels tended to have a positive association with SC  (β = 0.014). 
The free cholesterol level was negatively associated with the percentage 
of sperm heads with acrosomes (β = −0.043, P < 0.05), sperm head 
area (β = −0.008, P < 0.05), and sperm head perimeter (β = −0.005, 
P < 0.05). Phospholipids were also found to be negatively associated 
with the sperm head area (β = −0.002, P < 0.05) and the percentage of 
sperm heads with acrosomes (β = −0.014, P < 0.05) in the LIFE study, 
which is in partial accordance with our results, in which statistical 
J-shaped associations were noted between cholesterol, LDL level, and 
NSM, and statistically positive correlations were identified between 
triglyceride, VLDL, and SC.

However, the previous studies just focused on the associations 
between lipids and semen parameters, not described the detailed 
relationships between lipids and semen abnormality. Our study was 
designed to evaluate main cholesterol fractions, not only cholesterol 
and triglyceride levels. The LIFE study concluded that the lack of an 
association between cholesterol concentration and sperm motility may 
be a result of analyzing the semen the other days after blood collection, 
while in our study, semen and blood samples were collected and sent 
for analysis immediately.

The etiology of the relationship between lipids and sperm 
production is complex and unclear. In humans, the amount of 
cholesterol in sperm varies considerably, even among ejaculates;22 
meanwhile, the proportion of cholesterol present within sperm 
membranes is directly related to the sperm morphology23 and fertility 
potential.22 However, studies exploring the detailed associations 
between serum cholesterol or other lipid profiles and semen quality 
are limited.

There were some limitations of this cross-sectional study, similar to 
our previous studies.2,5 These included the lack of semen volume and 
total sperm count data in the initially designed protocol of the program, 
absence of detailed records of endocrine levels and lipid contents of 
semen, and lack of abstinence duration records for evaluation in the 
study. Moreover, the lipid-related pathological conditions, such as 
familial hypercholesterolemia or ApoE genotype, were not exploring 
in our study on account of the initially designed data requirement. The 
semen samples of our study were collected using home-collection kits; 
the quality may not be equal to that resulting from on-site collection. 

Further studies, including those assessing the lipid content of semen 
and performing measurement of lipid-related nuclear receptors such 
as liver X receptors (LXRs),24,25 peroxisome proliferator-activated 
receptors (PPARs),26 small heterodimer partner (SHP),27 and retinoid 
X receptors (RXRs),28 should be designed to further explore the 
relationships between lipids and semen quality.

CONCLUSIONS
Our study results showed that the men with increased total cholesterol 
were positively correlated with sperm motility. The reverse J-shaped 
correlations were identified between all lipid profiles and sperm 
morphology, especially the highest prevalence of abnormal NSM 
was identified in the third quartile of HDL, triglyceride, and VLDL 
with statistical significance in a large-scale study of a general male 
population.
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