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31, 2020, were examined for effects of male age and abstinence time 
on semen quality, where the kinetic parameters include semen volume, 
sperm concentration, sperm progressive motility percentage (PR), and 
sperm non-progressive motility percentage (NP). The morphological 
parameters include normal morphology rate of sperm, deformity rate 
of the sperm head, deformity rate of the sperm neck and middle region, 
and malformation rate of the sperm main segment. Samples without all 
three test results were not involved in this study. This study was approved 
by the Ethics Committee of Fujian Provincial Maternity and Children 
Hospital (Approval No. YCXM2019-105).

Semen collection
The semen samples were collected by masturbation, abstinence for 
2–7 days accordingly. The semen volume was measured using the 
weighing method,5 the sample was then stored at 35°C, and the 
degree of liquefaction was observed every 10 min. After liquidation, 
the semen quality test was performed by two skilled technicians 
who had passed the internal (quality control products are provided 
by Shanghai Beion Medical Technology Co., Ltd., Shanghai, China) 
and external (the Human Sperm Bank Technology Training Base 
of China Health and Family Planning Commission, Guangzhou, 
China) quality control assessment standards. The semen volume 
(ml) = weight (g)/density (g ml−1).

INTRODUCTION
Although couples are allowed to have three children, China is still 
struggling with a series of problems, such as population aging, declining 
birth rate, and the decline of male semen quality.1 How to improve 
male fertility has become an urgent problem. Studies have shown that 
male fertility levels have shown a downward trend worldwide and 
decrease with advancing age.2–4 The current male fertility assessments 
are mainly based on the Human Semen Examination and Processing 
Laboratory Manual, published by the World Health Organization 
(WHO). According to the manual, males are required to stay celibate 
for 2–7 days before having a semen test.5 On the contrary, some studies 
have shown that abstinence of less than one day or even continuous 
ejaculation is beneficial to obtain higher-quality sperm, leading to the 
increase of the pregnancy rate of intrauterine insemination (IUI).6,7 
The article focused on evaluating the effect of male age and abstinence 
time on sperm quality by analyzing a large sample size, with the aim to 
explore the best abstinence time for different age groups.

PARTICIPANTS AND METHODS
Study population
Semen parameters (sperm kinetics, morphology, and DNA fragmentation 
index [DFI] parameters) from 2952 men who visited Fujian Maternity 
and Child Health Hospital (Fuzhou, China) from June 1, 2018, to July 
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For age-factor assessment, the study participants were divided into six 
groups according to the age: ≤25 years, 26–30 years, 31–35 years, 36–40 
years, 41–45 years, and >45 years. According to the length of abstinence 
time (2 days to 7 days), the subjects were also divided into six groups.

Sperm analysis
Sperm concentration was assessed by adding a diluted fixative 
(NaHCO3 + formaldehyde) to the semen samples, followed by manual 
counting with a Makler counting chamber (Sefi Medical Instruments, 
Haifa, Israel). Details are as follows: (1) mix the semen and diluent 
at a ratio of 1:5 (1 + 4); (2) pipette 10 ul of semen into the Makler 
counting chamber and cover it with a cover glass; and (3) count the 
sperm in a strip of 10 squares in Makler, after 5 min of incubation. 
Concentration = sperm number in 10 squares × 5 × 106 ml−1.

Semen samples with high concentrations were diluted with 
phosphate-buffered saline (PBS) before the kinetic test. After that, 
10 ul of semen was pipetted onto the glass slide, covered with 
the cover glass, and let stand for 1 min. Under the microscope 
(Zeiss Primo Star, Oberkochen, Germany), at least 200 sperms 
(at least 400 sperms for low sperm count samples) for at least 5 random 
examination views were assessed, calculating the level of movement 
of each sperm (PR stands for forward-moving sperm, NP stands for 
nonforward-moving sperm, and IM stands for immobile sperm). 
PR = total PR/total sperm; NP = total NP/total sperm.

Diff-Quik staining kit (Anke Biotechnology Co., Ltd., Hefei, China) 
was used for cytological staining. In accordance with the reagent 
instructions, more than 200 sperms were observed via microscope. 
The rate of normal morphology, the rate of head deformity, the rate of 
the neck and mid-segment deformity, and the rate of main-segment 
deformity were all evaluated. The relevant evaluation standards for the 
morphology analysis of each part of the sperm refer to the fifth edition 
of the World Health Organization standard.5

Sperm chromatin diffusion8,9 was used for sperm staining 
(Anke Biotechnology Co., Ltd.). More than 500 sperms were observed 
and evaluated under the microscope. The DFI of the sperm was 
calculated (DFI = the number of sperm without a halo and with a small 
halo/the total number of observed sperm × 100%).

Statistical analyses
Statistical analysis was performed by SPSS 26.0 (IBM, Armonk, NY, USA). 
The measurement data were represented as mean ± standard deviation 
(s.d.), and the one-way analysis of variance analysis (ANOVA-LSD) 
was used to determine the significant difference of means among the 
groups. Data were controlled for parametric by Kolmogorov–Smirnov 
test. The effect of age and abstinence time on sperm quality was 
analyzed using the Pearson test, and P < 0.05 indicates a significant 
difference.

RESULTS
The statistical results regarding semen parameters
The age (mean ± s.d.) of 2952 patients was 32.3 ± 5.0 years, the abstinence 
time was 4.2 ± 1.2 days, the semen volume was 3.3 ± 1.3 ml, the sperm 
concentration was 45.3 × 106 ± 29.3 × 106 ml−1, the sperm PR was 
38.3% ± 16.5%, the normal morphology rate was 7.5% ± 4.3%, and the 
sperm DFI was 14.0% ± 8.0%. The results are within the normal reference 
range recommended by the WHO guidelines.5

Effect of age on sperm quality
There were statistical differences in semen volume, sperm PR, and 
sperm DFI among the groups (all P < 0.05). The negative correlations 
have been found among volume, PR of sperm, and age. The positive 

correlations have been found between DFI of sperm and age. There 
were no statistically significant differences in sperm concentration, 
sperm NP, and sperm morphological parameters among the groups 
(all P > 0.05; Table 1 and Figure 1).

Effect of the abstinence period on sperm quality
The semen volume, sperm concentration, sperm PR, and sperm DFI 
were statistically different among the groups (all P < 0.05). Both semen 
volume and sperm DFI showed an upward trend with the increase of 
abstinence time. There were no statistically significant differences in 
sperm NP and sperm morphological parameters among the groups 
(all P > 0.05; Table 2 and Figure 1).

Correlations among age, abstinence time, and sperm quality
There were significantly positive correlations between paternal ages and 
sperm concentrations, sperm neck and mid-segment deformity rate, 
sperm primary segment deformity rate, and sperm DFI (all P < 0.05). 
A significant negative correlation was observed among paternal age and 
semen volume and sperm PR (both P < 0.05). There were no correlations 
between male ages and sperm NP and sperm morphological parameters 
(all P > 0.05). There was a strongly positive correlation among abstinence 
time and semen volume, sperm concentration, sperm malformation 
rate, and sperm DFI (all P < 0.05). Moreover, sperm PR was inversely 
proportional to sperm NP (P < 0.05). However, there was no correlation 
among the normal sperm morphology rate, the sperm head deformity 
rate, and the sperm neck and middle deformity rate (all P > 0.05). The 
volume of semen is positively correlated with male age and abstinence 
time. The sperm DNA integrity is significantly negatively correlated 
with male age and abstinence time. In addition, there was a significant 
correlation between sperm DFI and sperm kinetics and morphological 
parameters (all P < 0.05; Table 3 and Figure 1).

The best abstinence time for different age groups
The sperm quality parameters of men of different ages are not entirely 
the same under different periods of abstinence. The semen volume and 
sperm DFI of men aged 26 years to 40 years increased with abstinence 
time. Men of all ages had the smallest semen volume and sperm DFI 
value for 2 days of abstinence. The rate of normal sperm morphology 
of men aged ≤35 years is less affected by the duration of abstinence, 
and the rate of normal sperm morphology of men aged >45 years of 
abstinence for 6–7 days is significantly higher. Men of all ages had the 
lowest sperm PR at 7 days of abstinence (Figure 2).

DISCUSSION
Semen analysis is the cornerstone for the assessment of the male partner 
in a subfertile couple to assess testicular function and patency of the 
seminal ducts. Before semen analysis, it is important to administer a 
questionnaire with important questions to the patients to ensure the 
accuracy of the test. In particular, before semen testing, it is necessary 
to know the age of the man, the duration of abstinence, the method 
of semen collection, the integrity of the semen collection sample, and 
the mental state of the patient. These parameters can help us better 
understand the patient’s condition. At present, the semen evaluation 
operation manual published by the WHO is used in many countries 
as the reference standard to evaluate semen quality. However, some 
studies have shown that sperm quality decreases with the increase of 
male age.10–12 This article further elaborates on this research.

Regarding the relationship between male age and sperm quality, 
our results showed that, with the increase of age, semen volume, and 
sperm concentration, and motility showed a downward trend, while 
sperm DFI showed an upward trend. This may be related to a possible 
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decline in testosterone levels. There was little correlation between male 
age and sperm morphology. The above results are roughly the same as 
related reports.11,12 Regarding the relationship between male abstinence 

time and sperm quality, our results showed that, with the increase of 
abstinence time, semen volume and sperm DFI showed an upward 
trend. Our study showed that abstinence time had small correlations 

Figure 1: The relationship between the sperm quality and age and abstinence time. (a) The relationship between the semen volume and age and abstinence 
time. (b) The relationship between the sperm concentration and age and abstinence time. (c) The relationship between the sperm PR and age and abstinence 
time. (d) The relationship between the normal sperm morphology and age and abstinence time. (e) The relationship between the sperm DFI and age and 
abstinence time. PR: progressive motility percentage; DFI: DNA fragmentation index.
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Table  1: Comparison of sperm quality in different age  (n=2952)

Age (year) Participant 
(n)

Volume 
(ml), 

mean±s.d.

Sperm 
concentration 
(×106 ml‑1), 
mean±s.d.

Sperm 
PR (%), 

mean±s.d.

Sperm 
NP (%), 

mean±s.d.

Normal form 
rate (%), 

mean±s.d.

Head deformity 
rate (%), 

mean±s.d.

Middle section 
deformity rate 

(%), mean±s.d.

Primary segment 
deformity rate 

(%),  
mean±s.d.

Sperm 
DFI (%), 

mean±s.d.

≤25 138 3.6±1.5 40.9±24.9 41.2±15.7 4.6±1.8 7.7±3.6 89.6±5.2 18.9±5.7 6.5±4.0 12.3±6.4

26–30 1074 3.4±1.4 44.5±28.6 39.7±16.1 4.8±1.9 7.6±4.0 89.8±5.6 19.1±6.2 6.8±4.3 13.4±7.5

31–35 1079 3.2±1.3 46.2±30.1 38.4±16.6 4.9±1.9 7.6±4.0 89.7±5.7 19.2±8.5 6.8±4.3 13.8±8.0

36–40 440 3.2±1.3 45.0±29.4 36.8±16.9 4.7±2.5 7.6±5.8 90.0±6.4 20.3±11.3 7.2±4.6 15.5±9.1

41–45 171 2.9±1.3 48.7±30.3 33.7±15.6 4.7±1.8 7.1±3.8 90.4±5.7 20.2±5.9 7.1±4.5 15.5±8.0

>45 50 2.6±1.3 48.7±32.6 28.5±17.3 4.6±1.6 6.8±4.1 90.6±5.6 20.0±5.5 7.6±4.6 17.4±8.4

F‑distribution ‑ 11.490 1.574 9.389 0.886 0.682 0.804 2.043 0.963 8.276

P ‑ <0.001 0.164 <0.001 0.490 0.637 0.547 0.070 0.439 <0.001

s.d.: standard deviation; PR: progressive motility percentage; NP: non-progressive motility percentage; ‑: no data
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with sperm kinetics and morphology, but there were significant positive 
correlations with semen volume, concentration, and DFI. In particular, 
the integrity of sperm DNA showed significant linear changes with age 
and abstinence time (Figure 1). Our findings are basically consistent 
with some reported results13–15 but differ from others.16

Regarding the analysis of the optimal abstinence time, our results 
show that the semen quality parameters of men of different age groups 
under different abstinence time are not entirely the same (Figure 2). For 
example, statistical analysis shows that the sperm quality parameters in 
the age group <35 years are the best after 3–4 days of abstinence, while 
ages >36 years have better sperm quality parameters after 5–6 days of 
abstinence. Furthermore, the sperm quality parameters of the 2-day 
and 7-day abstinence groups were significantly different from those of 
other groups, and some of those differences were statistically significant 
(P < 0.05; Table 2).

In recent years, DFI has been used as a new parameter standard for 
evaluating sperm quality. Its diagnostic value for assessing male fertility 
is higher than traditional semen analysis methods.17 The increase in 
sperm DFI is significantly correlated with male infertility, recurrent 
miscarriage, genetic diseases, fetal malformations, and assisted 
reproductive technology pregnancy rates.18 This study found that, when 
analyzing the effects of male age and abstinence time on sperm quality 
only from the perspective of sperm kinetics and morphology, only a 
few of the parameters are correlated among the three parameters. The 
sperm morphology parameters are less relevant to age and abstinence 
time. However, after including DFI in the scope of the study, it is evident 
that there are significant correlations between male age and abstinence 
time and sperm DNA integrity (all P < 0.05). This result illustrates the 
importance of sperm DFI detection and also confirms the accuracy of 
previous research results.17 The DNA integrity in the sperm nucleus 

decreases with age, and DFI increases with the increase in abstinence 
time. The reason for this is that, in sperm formation, the histones in 
the nucleus are converted into protamine. The chromatin is highly 
folded under the action of protamine to form a stable and complete 
DNA double-strand. The conversion of histones to protamine mediates 
the folding and concentration of genetic material, which is regulated 
by various mechanisms. As men age, sperm DNA, and histones are 
more likely to undergo epigenetic changes, such as methylation and 
acetylation, DFI increases.19 With an increase in abstinence time, 
reactive oxygen species (ROS) in the testes and epididymis increase, 
then excessive ROS will cause the DNA chain of sperm to break, and 
DFI will increase. At the same time, with the increase of age and 
abstinence time, the abnormal sperm apoptosis caused by the external 
environment can also cause the increase of DFI.18,20

Sperm are produced in the seminiferous tubules of the testis, 
and the produced sperm are stored in the epididymis. Sperm 
production is affected by many factors, including genetic factors 
(such as Y chromosome microdeletion), endocrine factors 
(such as testosterone levels), immune factors (such as interleukin and 
tumor necrosis factor), and external environment (such as temperature, 
radiation, reactive oxygen species, sexual function, and varicocele).21,22 
The reason male age affects sperm quality is that the increase of male 
age leads to the decline of physiological function, the decline of sexual 
function, the decline of androgen levels in the body, and the decline of 
immunity. Aging of the body and an increase in abstinence lead to the 
appearance of chromatin methylation and other changes in epigenetic 
factors. These changes lead to the mismatch of genetic material during 
sperm production, the abnormal structure of microfilament and 
microtubule, and the abnormal adenosine triphosphate (ATP) level in 
mitochondria. As abstinence time increases, the damage caused by the 

Table  3: Correlation among age, abtinence time, and sperm quality  (n=2952)

Sperm parameter Value 
(mean±s.d.)  

Abstinence (day)a Age (year)b Sperm DFI (%)c

r P r P r P

Volume (ml) 3.3±1.3 0.184 <0.001 −0.136 <0.001 −0.001 0.952

Sperm concentration (×106 ml−1) 45.3±29.3 0.058 0.002 0.042 0.023 −0.271 <0.001

Sperm PR (%) 38.3±16.5 −0.043 0.019 −0.124 <0.001 −0.646 <0.001

Sperm NP (%) 4.8±2.0 −0.022 0.225 −0.007 0.698 −0.162 <0.001

Normal form rate (%) 7.5±4.3 −0.018 0.324 −0.030 0.102 −0.433 <0.001

Head deformity rate (%) 89.8±5.7 0.027 0.150 0.031 0.091 0.472 <0.001

Middle deformity rate (%) 19.4±8.0 0.027 0.137 0.045 0.015 0.299 <0.001

Primary deformity rate (%) 6.9±4.4 0.050 0.007 0.041 0.025 0.405 <0.001

Sperm DFI (%) 14.0±8.0 0.107 <0.001 0.108 <0.001 1.000 1.000
aThe mean±s.d. of total patients’ abstinence time is 4.2±1.2 days; bthe  mean±s.d. of total patients’ age is 32.3±5.0 years; cthe mean±s.d. of total patients' sperm DFI is 14.0%±8.0%.
PR: progressive motility percentage; NP: non-progressive motility percentage; DFI: DNA fragmentation index; s.d.: standard deviation

Table  2: Comparison of sperm quality in different abstinence time  (n=2952)

Abstinence 
time (day)

Participat 
(n)

Volume 
(ml), 

mean±s.d.

Sperm 
concentration 
(×106 ml‑1), 
mean±s.d.

Sperm 
PR (%), 

mean±s.d.

Sperm 
NP (%), 

mean±s.d.

Normal 
form 

rate (%), 
mean±s.d.

Head 
deformity 
rate (%), 

mean±s.d.

Middle section 
deformity 
rate (%), 

mean±s.d.

Primary segment 
deformity rate 

(%), mean±s.d.

Sperm 
DFI (%), 

mean±s.d.

2 157 2.6±1.1 48.6±33.7 37.7±16.9 4.8±2.1 7.6±4.1 89.3±6.2 18.8±6.8 6.7±4.1 12.9±7.9

3 810 3.0±1.2 41.2±28.1 38.6±16.3 4.9±1.8 7.6±5.1 89.7±6.1 19.0±9.0 6.6±4.3 13.3±7.7

4 836 3.3±1.3 45.5±28.0 39.5±16.5 4.8±1.9 7.6±3.8 89.8±5.5 19.7±9.1 6.9±4.3 13.6±7.8

5 689 3.4±1.3 47.3±29.8 37.9±17.0 4.7±2.4 7.5±4.0 90.0±5.7 19.2±6.3 7.0±4.4 14.7±8.2

6 256 3.5±1.4 49.1±31.1 37.9±16.2 4.7±1.8 7.7±4.1 89.6±5.8 19.4±6.4 6.9±4.5 15.1±8.3

7 204 3.8±1.7 46.7±30.0 34.7±15.7 4.8±1.8 7.1±3.9 90.4±5.4 20.1±5.9 7.5±4.5 16.1±8.1

F‑distribution ‑ 23.572 5.163 2.943 0.731 0.633 0.878 1.128 1.907 7.152

P ‑ <0.001 <0.001 0.012 0.600 0.675 0.495 0.343 0.090 <0.001

s.d.: standard deviation; PR: progressive motility percentage; NP: non-progressive motility percentage; ‑: no data
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external environment to the sperm in the epididymis also increases. 
The increases in age and abstinence time eventually lead to changes in 
the kinetics, morphology, and DNA integrity of sperm.

This research is a retrospective study in which the single-factor data 
analysis was involved. Other factors that affect semen quality (such as 
occupational factors, living habits, body mass index, and female factors) 
were not included in the scope of the study. The sperm morphology 
count is only based on 200 sperms, and sperm kinetic analysis uses the 
Makler counting chamber instead of the Neubauer counting chamber 
recommended by the WHO guideline. This may lead to some inherent 
deviations in the results of these studies. Nevertheless, the conclusions 
of this study are in good agreement with the results of previous studies. 
The amount of data in this study is large, and the analysis of the 
results is reasonable and reliable. Studying the relationships between 
age, abstinence time, and semen quality and summarizing the best 
abstinence time for men of different ages will help establish relevant 
reference standards suitable for males. It will help reflect the actual 
situation of male fertility and help diagnose and treat male diseases.
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Figure 2: The best abstinence time for different age groups. (a) The effect 
of abstinence time in different age groups on semen volume. (b) The effect 
of abstinence time in different age groups on semen concentration. (c) The 
effect of abstinence time in different age groups on sperm PR. (d) The effect 
of abstinence time in different age groups on normal sperm morphology. 
(e) The effect of abstinence time in different age groups on sperm DFI. 
PR: progressive motility percentage; DFI: DNA fragmentation index.
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