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Objective: The objective of this study is to reduce the dimension of several indicators with a strong correlation when conducting semen
quality analysis in a small number of comprehensive variables that could retain most of the information in the original variables.
Methods: A total of 1132 subjects were recruited from the Maternal and Child Health Institutions of seven provinces in mainland
China. They completed the questionnaire and provided semen samples. Visualization of the correlation between variables was realized
by using a function chart and correlation in the PerformanceAnalytics package of the R programming language (version 3.6.3 [2020-
02-29]). Factor analysis was conducted using the principal function in the psych package of R. Principal component analysis,
combined with varimax rotation, was used in the operation of the model, and two common factors were selected and measured to
provide values for the common factor. The score coefficient was estimated using the regression method.

Results: The contribution rates of the two common factors to variable X were 43.7% and 33.98%, respectively. When the two
common factors were selected, approximately 78% of the information of the original variables could be explained. The correlation
coefficients between the first common factor (the quantitative factor) and sperm density, total sperm count, and semen volume were
0.824, 0.984, and 0.544, respectively. The correlation coefficients between the second common factor (the quality factor) and sperm
motility and the percentage of forward-moving (progressive spermatozoa) sperm were 0.978 and 0.976, respectively.

Conclusion: The correlation between the original variables of a semen quality analysis was strong and suitable for dimensionality
reduction by factor analysis. Factor analysis and dimensionality reduction provide a fast and accurate assessment of semen quality.
Patients with low fertility or infertility can be identified and provided with corresponding treatments.
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Introduction

Semen quality analysis is one of the important methods to assess male fertility and is also the primary experimental basis
for the diagnosis and treatment of male infertility. In recent years, with environmental pollution, increased life pressure,
lifestyle changes, and other factors, the quality of semen has decreased.' Therefore, semen quality assessment is very
important for the management of infertility. Routine semen analysis is the most basic method for evaluating sperm
quality and male fertility, which includes assessment of semen volume, sperm survival rate, forward motility rate,
concentration (density), morphology, etc. However, a routine semen analysis cannot accurately assess male fertility or
predict sperm fertilization and pregnancy outcomes. Previous evidence has shown that 15% of men with normal semen
parameters have infertility.” In recent years, with the increase in unhealthy living habits and the worsening of environ-
mental quality, the incidence of infertility has also increased. Male infertility accounts for approximately half of the
infertility cases. Among them, only 14-15% have oligospermia, asthenospermia, or teratospermia.” Therefore, semen
parameters may not accurately indicate male fertility.
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Semen quality is the most basic and direct indicator for establishing male reproductive health.*® The primary
indicators for evaluating the quality of semen include semen volume, sperm concentration and motility, the percentage
of progressive spermatozoa, and standard sperm percentage. These indicators can be detected and analyzed by computer-
aided sperm analysis.

Due to a large number of indicators in the current context and the strong correlations between them, an overlap of
information may occur. However, in practical applications, it is hoped that a few unrelated comprehensive variables that
can retain most of the original information could be used to replace the original variables, thereby achieving the purpose
of dimensionality reduction and enabling concise and effective statistical analysis.

Commonly used methods of dimensionality reduction include principal component and factor analysis. The principal
component analysis only involves general linear transformations and no models. As such, when using this approach, it may
not be easy to explain the principal component as it relates to the actual background and meaning of variables. Conversely,
because factor analysis can manipulate the matrices through orthogonal or oblique rotation, the analysis results are easier to
interpret; it has therefore been widely used in clinical practice.”® When conducting comprehensive evaluation, some

10-13 adopting the variance contribution rate of the extracted

scholars have employed principal component or factor analysis,
common factors as weighting coefficients, linearly combining the common factors, and integrating multiple original
indicators into one indicator to evaluate a sample. However, the weight coefficient reflects the importance of the variable,
and a factor that introduces large variances will not necessarily represent the important factor in the original information.
Considering the limitations of this method, the current study attempted to use orthogonal factor analysis to reduce the
dimensions of multiple indicators into several uncorrelated common factors and then analyze their influencing factors from
different perspectives. Fewer evaluation indices are needed for sperm quality assessment after dimensionality reduction,

which is convenient for rapid evaluation in a large population or self-assessment.

Methods

Ethics Approval and Consent to Participate

The Ethics Committee of the National Research Institute for Family Planning approved the study. All participants were
informed about this study and signed consent forms before completing the questionnaire and agreeing to donate a sample
of semen in the current scientific research. Informed consent was obtained from all participants. All methods were carried
out in accordance with relevant guidelines and regulations.

Subjects

1) Experimental areas: In this study, provincial-level regions were selected from six main geographic areas (ie, northeast,
northwest, east, southwest, north, and central south) of China. These regions were middle-developed, non-coastal regions
with large populations, representing the population in these areas.

2) Participants:

The target population was healthy and fertile male adults (aged 1842 years) from pregnancy checkups, birth
checkups, perinatal health care services, and pre-pregnancy eugenics screening staff. Preference was given to those
who caused a pregnancy within 100 days. Subjects who met the criteria were recruited from the Maternal and Child
Health Institutions of these regions. They completed a questionnaire, underwent physical examination, and provided
semen samples.

A total of 1132 adult men from seven provinces in China (ie, Zhejiang, Henan, Hebei, Guangxi, Jiangxi,
Heilongjiang, and Xinjiang) were recruited. The sample sizes were 229, 324, 212, 103, 85, 107, and 72, respectively.

Physical Examinations

This study followed the principle of voluntary participation. Before data collection, the researchers communicated with
the participants to explain the purpose of the study, the significance of the investigation, and the investigative process.
The researchers used a unified questionnaire to conduct face-to-face interviews; the topics of these interviews were
primarily related to the participants’ family situation, the general situation of both spouses, established an evaluation of
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family life (sex/marital life, etc.), and living habits (smoking, drinking, etc.). Additionally, each participating male had to
provide a semen sample at the survey site. Before conducting the physical examination, the men who met the required
days of abstinence provided semen samples through masturbation.

Laboratory Tests

The leading indicators for evaluating the quality of semen include semen volume, sperm concentration and motility, the
percentage of progressive spermatozoa, and total sperm count. The semen quality qualification standard of the World
Health Organization (WHO) “Male Semen Quality Diagnostic Criteria 2010 Fifth Edition”'*"'® was adopted. The semen
collection methods, instructions, and precautions were introduced to all subjects by a doctor before sample collection to
ensure its integrity. Subjects performed semen collection by masturbation in a separate room. The abstinence time (the
time since the last ejaculation) was 48 hours to 7 days.

Semen volume: A semen sample was collected in a sample container and weighed. A semen density of 1 g/mL was
assumed for all samples.

Semen pH value: The semen was thoroughly mixed. Then, a drop of semen was placed on the pH test paper. After the
color of the dipping area was completely uniform, it was compared with the standard pH strip, and the pH value was
recorded.

The semen was thoroughly mixed, and a small proportion of samples was removed for microscopic observation. More
than 10 fields of view were observed under a 400x microscope, and over 200 sperm were counted. Sperm motility and
movement classification were analyzed.

The total number of sperm in semen was calculated by measuring the concentration of sperm in the semen and the
semen volume. Sperm concentration was performed using a modified Neubauer blood cell counting plate, and more than
200 sperm were counted for each sample.

Correlation Analysis
The correlation analysis among variables was performed using “chart.Correlation” in the PerformanceAnalytics package
of the R programming language (version 3.6.3 [2020-02-29]).

Factor Analysis

Factor analysis focuses on finding the internal structure between variables by studying the correlation matrix or
covariance matrix of the variables involved. Accordingly, it establishes several common factors (or principal/latent
factors) that control all of the variables; the purpose of doing so is to reduce the dimensionality of the original variables.
Factor analysis must establish a mathematical model and make certain assumptions about the relevant preconditions. In
the present study, X=(X;, X, ..., X,,)’ was the research vector, and F=(F;, F,, ..., Fy;)’ was the vector comprising
common factors. Generally, m<p for the model was X=AF + ¢ if the following constraints were met:

(1)E(F) = 0n1><17D(F) =1y
(2)E(e) = Opx1,D(&;) = a?,cov(ei,ej ): 0,i#j

(3)cov(F,€) = Omxp

When cov(Fi, Fj)=0, i#j, the X=AF + & model was labeled the orthogonal factor model; otherwise it was called the
oblique rotation model, where matrix A=(a;j),~m Wwas labeled the factor loading matrix, and oj; reflected the
closeness of the relationship between the ith variable and the jth public factor. The larger the value of |a;j| was,
the closer the correlation between the ith variable and the jth public factor. If Xf? was the standardized variable, ay;
was the correlation coefficient between the ith variable and the jth public factor. faé was the variance contribution

. . . . =1 .
of the jth common factor and was an index for measuring the importance of the _fth common factor, ie, Fj; the larger
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Table | Analysis of Demographic Characteristics

Characteristics n % Characteristics n %

<25 (years) 254 2243 Researchers 340 30.05
25~30 (years) 660 58.31 Other 41 3.62
>30 (years) 218 19.26 Primary school and below 34 3.00
Farmers 57 5.03 Junior middle school 452 39.90
Workers 228 20.14 High school 310 27.40
Self-employed 135 11.90 Junior college 223 19.70
Police 331 29.20 Bachelor degree or above 113 10.00

this value was, the greater the contribution of F;j to X. It was generally required that the cumulative variance
contribution rate be greater than 70%.'> The researcher could decide the number of common factors to retain based

on the cumulative variance contribution rate.

The suitability of factor analysis was tested using Bartlett’s test of sphericity. The Kaiser—-Meyer—Olkin (KMO)
sampling adequacy measure was used to represent the correlation between variables.

The visualization of correlations between variables was realized using a function chart and correlation in the
PerformanceAnalytics package of the R programming language (version 3.6.3 [2020-02-29]). Factor analysis was carried
out using the principal function of the psych package in R. The operation of the model was carried out using principal
component analysis and varimax rotation. The contribution rates of the first two common factors to the X variable were
43.7% and 33.98%, respectively. When two common factors were selected, approximately 78% of the information of the
original variables could be explained. Since the first two common factors could explain most of the information of the
original variables, only two common factors were selected in this study.

Results

Analysis of Demographic Characteristics

Of the 1132 samples studied, most were males between 25-30 years old, accounting for 58.3% of the overall sample;
19.27% of the participants were over 30 years old. Industrial workers, police, and scientific research technicians
accounted for a large proportion of the research subjects, ie, 20.14, 29.2, and 30.05%, respectively. In terms of education
level, the participants who graduated from junior high school accounted for a large proportion (39.9%); the proportion of
high school and college graduates was 27.4% and 19.7%, respectively (Table 1).

Analysis of Semen Quality Indices

In this study, the average semen volume of the 1132 adult males was 3.0245 mL. Based on the evaluation standard of
semen quality, the abnormal rate was 3.2%; the average semen concentration was 57.99 million/mL, and the abnormal
rate was 4.2%. The average value of the total sperm count was 175.57 million, and the abnormal rate was 5.2%. The
average percentage of forward-moving sperm was 43.7%, and the abnormal rate was 16.5%. The average sperm motility
rate was 51.22%, and the abnormal rate was 19.4%; in this instance, the abnormal rates of forward-moving sperm and
sperm motility were the highest, and these two aspects were also the leading research indicators of abnormal semen
quality (Table 2).

Correlation Analysis of Semen Quality Indices

When the volume of semen was large, other indicators could also be larger. Therefore, the correlation between variables
was strong. As shown in Figure 1, Pearson’s correlation coefficient yielded the following results: (1) between the forward
movement of sperm and sperm motility, the correlation coefficient was as high as 0.92; (2) the correlation coefficient
between total sperm count and semen concentration was 0.81; (3) the correlation coefficient between semen volume and
total sperm count was 0.51; (4) between total sperm count and forward-moving sperm rate the correlation coefficient was
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Table 2 Descriptive Statistical Analysis of Semen Quality Indexes

Semen Quality Indexes Sample Size Mean Value Standard Deviation Maximum Minimum | Abnormal Rate
Semen volume 1132 3.02 .11 7.10 1.00 3.20%
Sperm motility 1132 51.22 12.14 83.00 10.00 19.40%
Forward motile sperm rate 1132 43.70 12.82 1.67 7742 16.50%
Semen concentration 1132 57.99 34.06 213.00 2.00 4.20%
Total sperm count 1132 175.57 34.06 979.60 4.40 5.20%

0.15. These correlations were significant at a 0.001 level. Pearson’s correlation coefficient between semen concentration
and the forward-moving rate of sperm, as well as between total sperm count and sperm forward-moving rate, was
significant at the level of 0.05. Because of the strong correlation between the original variables, we first conducted
dimensionality reduction using factor analysis. The purpose was to seek out potential factors that controlled all of the

included variables.

Factor Analysis

Factor analysis is conducted to find the internal structure of variables and requires a sample of adequate size; the ratio of
the sample size to variable number should be more than 5:1, and the total sample size should not be less than 100. In this
study, the sample size was 1132, and the number of research variables was 5, thereby meeting the requirements of factor
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Figure | Pearson’s correlation coefficient was performed to analyze the correlations of semen quality indicators using the correlation function in the Performance Analytics
package of the R language (**P<0.01, ***P<0.001).
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analysis. Bartlett’s test of sphericity showed that the chi-square value of the statistics was 4852.91, the degree of freedom
was 10, the P-value was 0.000, and the correlation between variables was significant. The KMO value of this study was
0.78, and the correlation between the variables was strong; these results were suitable for conducting factor analysis.

In this study, factor analysis was carried out using the principal function in the psych package of the R programming
language. Additionally, principal component analysis, combined with varimax rotation, was used in the operation of the
model. The contribution rates of the first two common factors to variable X were 43.7% and 33.98%, respectively. When
two common factors were selected, approximately 78% of the information of the original variables could be explained.
Since the first two common factors could explain most of the information of the original variables, this study selected two
common factors only. The common degrees of variables among semen volume, sperm motility rate, forward-movement
rate, concentration, and total sperm count were 0.30, 0.957, 0.958, 0.695, and 0.976, respectively. Except for the semen
volume variable, other variables could be explained by the first two common factors. Accordingly, when the two common
factors were selected, more information was retained from the original variables, which was considered a reasonable
result. The factor analysis model is given as follows:

x] = 0.544F;—0.053F, + ¢
x; = 0.014F; + 0.978F, + &,
x; = 0.074F4+0.976F, + &3
xy = 0.824F; 4+ 0.124F, + &4
x; = 0.984F; 4 0.085F, + &5

All of x},x3,..,x5 in the above formula were standardized variables. The factor model shows that the correlation
coefficients between the quantitative factor and sperm density, total sperm count, and semen volume were 0.824,
0.984, and 0.544, respectively. All three correlation coefficients were positive, suggesting that the greater the amount
of semen, the greater the density of the sperm; additionally, the greater the sperm count, the greater the value of the
quantitative factor. Furthermore, the density and concentration of sperm were significantly correlated with the total sperm
count. These three indicators reflected quantitative information, and, as such, this factor can be considered quantitative in
nature. The correlation coefficients between the quality factor, sperm motility, and the percentage of forward-moving
sperm were 0.978 and 0.976, respectively; both correlation coefficients were positive, suggesting that the higher the
sperm activity rate, and the greater the percentage of forward-moving sperm, the greater the value of the quality factor.
These two indicators mainly reflected the motility of sperm, and the stronger the activity ability, the higher the quality of
sperm would be. This factor can therefore be considered to be qualitative in nature. Because the orthogonal factor model

was used, the two common factors were uncorrelated and had no overlapping information.

Factor Loading Analysis

The relationship between the above variables and common factors was also clearly reflected by the factor load diagram.
This diagram was created using the ggplot2 package of the R programming language. Figure 2 shows that sperm
concentration, semen volume, and total sperm count are clustered near the positive half-axis of the quantitative factor,
suggesting that they are highly correlated with one another and have the closest relationship with the quantitative factor.
The forward-moving sperm rate and motility rate were clustered near the positive half-axis of the quality factor,
suggesting that they were highly correlated with one another and had the closest relationship with the quality factor.
Hence, the first two common factors extracted most of the information of the original variables, had strong comprehen-
sive abilities, and could describe the primary characteristics of semen (Figure 2).

In the above sections, the problem of using a linear combination of common factors to represent a group of
observation variables was solved. If we want to apply these factors to other studies, eg, adopting the obtained factors
as variables to classify or evaluate samples, the measurement of common factors must be conducted. That is, the values
of the common factor must be provided. Here, the principal function of the psych package in the R programming

language was used, and the score coefficient was estimated using the regression method as follows:
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Figure 2 The factor load diagram was obtained using the principal function in the psych package of the R language.

Fy = 0.287x—0.057x;—0.025x}+0.421x;+0.507x
Fy = —0.064x;+0.513x3+0.508x;+0.01 1x; —0.02x

The variables in the above formula were normalized; the order of importance of the variables was consistent with the
load coefficient of the above common factors. By substituting the normalized value of the X variable into the above
formula, the values of the first and second common factors of each observation in the sample could be obtained. In the
quantitative factor expression, the coefficients of semen volume (x;), semen concentration (x4), and total sperm count
(xs) were relatively large; when these values of a participant were comparatively large, the score of the quantitative factor
was large, suggesting that the overall sperm count was large. In quality factor expression, the coefficients of sperm
motility (x,) and forward-moving sperm rate (x3) were large; where this was the case, the score of the quality factor was
large, suggesting that the quality of sperm was relatively high. Taking P5 as the lower reference limit and P100 as the
upper reference value, the reference value range of the quantitative factor value was —1.2515 to 5.2812, and the reference
value range of the quality factor value was —1.7376 to 2.5731. In the cohort, 1024 participants had a score above P5 for
both factors, accounting for 90.46% of the total sample size. The following section focuses on the main factors affecting
semen and sperm quantity.

Statistical Analysis of Other Factors

The indicators affecting semen quality may include age, body weight, body mass index (BMI), age of the first
spermatorrhea, the frequency of sexual intercourse, and may also include lifestyle habits, such as whether the men
smoked or drank, the number of abstinence days, men’s level of satisfaction with their married and sexual lives, as well
as other factors. The meanings of these variables and the average values of common factors among the corresponding
groups are presented in Table 3.

Discussion

Semen is mainly composed of sperm and seminal plasma. Semen parameters are used as a surrogate index for the
clinical evaluation of male fertility. The purpose is to evaluate male fertility levels, especially for those with low
fertility or infertility, provide treatment guidance, evaluate curative effects, and assist reproductive technology

Journal of Multidisciplinary Healthcare 2022:15 https: 437

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wang et al

Dove

Table 3 Descriptive Statistical Analysis of Influencing Factors and Variables

Variable Groups n First Common Standard P Second Common Standard P
Factor Mean Value Deviation Factor Mean Value Deviation
Age <25 (years) 254 —-0.07 1.02 —0.04 1.01
25~30 (years) | 660 0.02 1.02 0.166 0.02 0.97 0.58
>30 (years) 218 0.08 0. 94 0.04 1.06
BMI <185 115 —0.08 0.99 -0.22 I.13
18.5~23.9 807 0.02 0.98 0.408 0.03 0.98 0.042
>24 210 —0.05 1.08 0.004 1.02
Location City 428 0.06 0.99 —0.03 1.02
Countryside 644 —-0.01 0.97 0.078 0.05 0.98 0.16
Urban Fringe 160 —-0.15 1.01 —-0.11 1.00
Abstinence days 1~2 days 226 —0.16 0.96 —-0.10 1.00
3~4 days 498 —-0.03 0.96 0.001 —-0.01 0.99 0.036
5~7 days 408 0.14 1.06 0.07 1.01
First <I3 (years) 183 —-0.07 0.87 —0.06 1.00
spermatorrhea 13~14 (years) | 396 —0.10 0.97 0.006 0.02 0.99 0.678
2|5 (years) 553 0.10 1.05 0.0l 1.0l
Sexual 1~2 times/ 691 0.59 0.97 0.005 0.96
intercourse week
frequency 3~4 times/ 418 0.07 1.03 0.002 —0.001 1.03 0.66
week
25 times/week | 23 —0.06 1.38 —0.05 0.84
Satisfaction Dissatisfied 32 -0.29 0.88 —0.05 0.73
General 342 —-0.17 0.90 0.000 —-0.08 0.97 0.068
Satisfied 758 0.09 1.04 0.03 1.02
Smoking Yes 405 —0.03 0.44 —0.04 0.43
No 727 0.02 0.33 0.034 0.02 0.68 0.093
Drinking Yes 607 —0.03 0.57 —0.04 1.02
No 525 0.04 0.68 0.041 0.05 0.98 0.145

Notes: The two samples were compared by independent sample t-test, the difference between groups was analyzed by one-way ANOVA, and the Bonferroni method was
used for multiple comparisons.

outcome prediction. Parameters such as the total number of sperm, concentration, and motility in a routine semen
analysis are important parameters for evaluating semen quality. Although semen analysis cannot be used as a direct
evaluation method and the gold standard for male fertility, it is the simplest, most intuitive, and most important
evaluation method.

Semen quality itself consists of multiple indicators. How to accurately judge the quality of semen through the original
semen analysis data report has always been a problem that plagues male doctors. Although there is a universal WHO
semen quality evaluation standard globally, the test items of the evaluation standard are scattered. The statistical analysis
combined with WHO standards and comprehensive evaluation of semen quality indicators will help clinicians accurately
judge semen quality and research quality trends. It was found that the total number of sperm and the speed of movement
play an important role in evaluating semen quality using factor analysis. This conclusion is consistent with previous
studies.'” Combined with the semen indicators established by WHO, principal component analysis and factor analysis
have been applied to semen quality evaluation.'®'” ' Previous studies have found that the principal component analysis
method is ideal to comprehensively judge the factors affecting the semen quality of infertile men, but it is not necessarily

suitable for the evaluation of the factors affecting the semen quality of normal men.'® In a study of 120 fertile men in
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Tianjin using WHO standards, only the influence of a single factor on a single component of semen quality was analyzed,
and whether a single factor affecting the overall semen quality was not evaluated.?

Regarding the reference value of the WHO semen index at home and abroad, using statistical methods to study the
influencing factors of semen quality in different groups, it was found that in different groups, whether living habits affect
semen quality is controversial.'® Many scholars have also discussed how an unhealthy lifestyle affects semen quality.'>° In
this study, two common factors were found through factor analysis: the quality and quantity factors. Through the analysis of
lifestyle and other factors, it was found that abstinence time, sexual satisfaction, and smoking impact quality and quantitative
factors. The age of the first spermatorrhea, frequency of having sex every week, place of residence, and alcohol consumption
mainly affect the quantitative factors. BMI affects the quality factor within a certain range. Because there was no correlation
between the common factors of the orthogonal factor model and as the results were easy to explain, the orthogonal factor
model was used for analysis in this study. Research vector X is a commonly used measurement indicator of semen quality in
terms of semen volume and concentration, sperm activity rate, total sperm count, and the forward-moving sperm rate. In this
study, based on the factor model, the score coefficient of the common factor was estimated using the regression method, and
the common factor was expressed as a linear combination of different variables to further obtain the factor score for each
observation. In this way, the problem of the original p-dimensional space was transformed into the problem of the m (m<p)
dimensional space. It is clear how lifestyle affects the quality of semen in a low-dimensional space.

The indicators derived from factor analysis are also the easiest to obtain. Compared with sperm morphology analysis
and function analysis, the main work is done manually and only requires the assistance of a microscope and hemocyt-
ometer. Semen quality analysis requires that the collected fresh semen be tested and analyzed after being liquefied for 0.5
hours. In remote areas with limited equipment, only manual testing can be done. Moreover, after the dimensionality
reduction of conventional semen analysis results, the number of observation indicators is reduced, which is beneficial for
community workers to quickly assess the semen quality of men of reproductive age, and it is also convenient for large-
scale inspections.

There are several limitations in this study that still need to be improved. First of all, we focused on male respondents
who had been confirmed to be fertile and excluded female-related infertility issues; therefore, the population distribution
may not be even. As a result, when analyzing the population according to five-year intervals, the age of volunteers was
relatively concentrated in the 25-30 age range. Second, we focused on fertile populations, and most of them were normal
populations. We did not refer to the standard BMI of >25 in the WHO male infertility research but adopted the WHO
standard according to the Chinese BMI of >24 to analyze its effect on semen quality for overweight individuals. These
data may not be generalized. Third, the data were from fertile males in mainland China. When applying the results to
other regions or ethnic groups worldwide, additional adjustment factors may be added. Fourth, some variables that might
affect semen quality parameters were not included, such as detailed smoking status and nutritional content. Therefore, the
smoking status coefficient in this study may not reveal the relationship between different smoking statuses and semen
quality in the real world. In future semen analysis, quantitative and qualitative factors can be combined to describe the
quality of semen.

Conclusion

In this study, factor analysis was used to evaluate semen quality. According to the constructed factor analysis model, the
quantitative factor had a significant correlation with semen volume and concentration, as well as total sperm count, and
was thus denoted a quantitative factor. The common quality factor was highly correlated with sperm motility and the
forward-movement sperm rate and was thus denoted as being a quality factor. Also, fewer evaluation indices are needed
for sperm quality assessment after dimensionality reduction, which is convenient for rapid evaluation in a large
population.
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