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Abstract
Objectives: To understand sperm motility in adults and its association with
lifestyle in an ethnic minority area in Southwest China. Methods: A hospital-based cross-sectional study to assess sperm motility in male adults was
conducted at the Reproductive Health Center from January 2018 to May
2019. The data was collected with a questionnaire and semen quality was
analyzed with Computer-Aided Sperm Analysis system (CASA). Analysis of
covariance (ANCOVA) was used to measure the relationship between lifestyle factors and sperm motility. Results: A total of 349 people were recruited.
Dietary celery intake was significantly related to the increase of sperm progressive motility and total motility (β = 7.00, 95% CI: 1.59, 12.42 and β = 7.26,
95% CI: 1.45, 13.07, respectively). Cola consumption was associated with increased sperm progressive motility (β = 9.71, 95% CI: 1.46, 17.96). Frequent
use of plastic bags for meat food storage (β = −5.56, 95% CI: −10.61, −0.51),
industry work (β = −5.64, 95% CI: −11.21, −0.07), organic disease (β = −6.14,
95% CI: −11.00, −1.28) and sedentary lifestyle (β = −5.92, 95% CI: −10.66,
−1.17 for 3 - 5 h/d and β = −6.04, 95% CI: −11.60, −0.47 for ≥5 h/d, respectively) were related with the decreased sperm progressive motility. Meanwhile, using plastic bags for meat food storage (β = −6.37, 95% CI: −11.79,
−0.95), industry work (β = −7.96, 95% CI: −13.94, −1.98) and sedentary lifestyle (β = −5.51, 95% CI: −10.60, −0.42 for 3−5 h/d and β = −6.03, 95% CI:
−12.01, −0.06 for ≥5 h/d, respectively) were also risk factors for total motility.
Conclusions: Some modifiable lifestyle factors such as job title, cola consumption, dietary celery intake, plastic bags for meat food storage, and sedentary hours were linked to male sperm motility, indicating that changing
these lifestyles may improve it.
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1. Introduction
About 10% to 15% of couples of childbearing ages suffer from infertility in the
world, of which about 50% is attributed to the man [1]. Semen quality is one of
the most direct indicators to evaluate male reproductive health. The declining
trend of semen quality with time has been a public concern since its first report
in the 1990s [2].
Transitions of lifestyle [3] [4] are generally considered to related sperm quality decline. However, there are studies with inconsistent results as yet [5]. Even
some important daily behaviors such as smoking, alcohol drinking, or coffee
drinking, are not confirmed the association with sperm quality [5] [6]. Thus,
further study to reveal the relationship between lifestyle and semen quality is
urgent.
Liuzhou is one of the industrial regions in southwest China, while about 20%
of the region’s people engaged in industry and more (about 40%) in agriculture.
People of ethnic minorities account for about 50% of the local population, sharing some different lifestyles, e.g., little caffeinated beverages drinking but much
fragrant spice intake [7] compared with those in most parts of China. However,
there have been no reports on the relationship between lifestyle factors such as
spice intake and semen quality in this region [8] [9]. Therefore, a unique insight
into the correlation between semen quality of adults and lifestyle is possible by
research on this population.
Because sperm motility is the main parameter of semen quality and is generally considered unaffected by abstinence duration [10] [11], we analyzed the
progressive sperm motility (PR, %) and total sperm motility (PR + NP, %)
among 349 adults from the Reproductive Health Center of Maternity and Child
Healthcare Hospital of Liuzhou in the present study, to explore its association
with lifestyle.

2. Materials and Methods
2.1. Study Design and the Population
A total of 369 male visitors at the Center from January 2018 to May 2019 for
pre-marital checkup or pregnancy problems were chosen for the hospital-based
cross-sectional study (according to formula:

Z12−α 2 × pq
n= 2
0.05, p =
50%, q =
1 − p, d =
0.1 p ) ,
(α =
d
400 samples were estimated in need, and 369 volunteers were actually collected). Among them, 20 men were excluded because of incomplete semen analDOI: 10.4236/arsci.2021.92015
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ysis data, clinical diagnosis of chronic diseases, genetic diseases, neoplasms or
exposure to chemotherapy or radiotherapy treatments. Eligible participants are
20 - 45 years old, residing in this district over 1 year. They were asked to sign
informed consent and to fill the male reproductive health questionnaire under
the direction of a qualified investigator at the hospital.

2.2. Semen Collection and Analysis
The participants were asked to masturbate for the collection of semen samples in
sterile plastic container for 3 times, each time after about 5 days of abstinence
(with average abstinence duration of 5.7 ± 0.6 days) because of the variability on
semen parameters. The semen sample got liquefied in a 37˚C thermostatic bath,
and then assessed using Computer-Aided Sperm Analysis system (CASA, WLJY
9000, New Century Science and Tech Dev. Beijing, China) within 60 min of the
collection.
For quality control, standard operation procedures were made and applied for
semen collection, storage and testing, based on “WHO laboratory manual for the
Examination and processing of human semen, fifth edition” (WHO, 2010).
Testing semen samples was performed by a licensed laboratory technician with
identical calibrated instruments.

2.3. Questionnaire
The questionnaire for this project has been used by this hospital for years, mainly including detailed information on demographics, education, living conditions
and behaviors such as consumption of tobacco, alcohol and drug, job title, and
health history.
Lifestyle parameters are defined and measured as the following. All participants’ weight and height were measured, and body mass index (BMI) was calculated (kg/m2). BMI was categorized to 4 groups based on the World Health Organization (WHO) criteria, i.e., underweight (<18.5 kg/m2), normal weight (18.5 24.9 kg/m2), overweight (25.0 - 29.9 kg/m2) and obese (≥30 kg/m2). Self-reported
history of organic reproductive diseases covered cryptorchidism, urinary tract
infections, prostatitis, varicocele or urogenital surgery.
Smoker is one who has continuously or accumulatively smoked for six
months or more till the investigation day. Self-reported main alcohol consumption means someone drank 200 ml beer, or 100 ml fruit juice wine or 25 ml
white wine (mainly rice wine) or above, at least once a week for more than six
months. Drinking tea (tea consumption of 5 to 8 g/day), cola (500 ml/time), coffee (a tin, about 236 ml/time) and dietary celery intake (120 g/time) or fruit intake (250 g/time) referred to at least once a week over the last 6 months.
Using microwave oven means everyday usage not less than 3 min during the
last 6 months (at the electromagnetic radiation frequency of 915 ± 25 MHz or
2450 ± 50 MHz according to the national standard). Using plastic bags for meat
food storage means everyday usage during the last 6 months.
DOI: 10.4236/arsci.2021.92015

151

Advances in Reproductive Sciences

L. F. Mo et al.

2.4. Statistical Analysis
Firstly, univariate analysis was performed to check factors related to PR and PR
+ NP of sperm because of its normal distribution. Linear regression analysis was
carried out for continuous independent variables, one-way analysis of variance
(ANOVA) was used for multi-classification independent variables, and independent sample t-test was applied for two-classification independent variables.
Secondly, analysis of covariance (ANCOVA) was conducted to check effects of
all potential risks on PR and PR+NP.
Data were double entered and checked with EpiData 3.1 and all statistical
analysis were performed on SPSS version 16.0 (SPSS Inc., Chicago, IL, USA).
Descriptive results are expressed as mean (standard deviation, SD) or frequency
(%). All the tests were two-sided, with p < 0.05 as the significant level.

3. Results
3.1. Characteristics and Sperm Motility
among the Study Population
A total of 349 objects were qualified for the project. The univariate analysis of
general characteristics and sperm motility of the study population was summarized in Table 1. They were at the age of 35.4 ± 5.1 years old (95% CI: 34.82,
35.90) with BMI of 23.5 ± 3.4 kg/m2 (95% CI: 23.14, 23.86). Almost all research
objects were married or cohabiting (only 2 were single). The PR sperm of the
population was 41.6% ± 20.1% and PR + NP was 63.4% ± 21.4%. Furthermore,
115 (33.0%) and 53 (15.2%) samples were under the lower reference limits of PR
(32%) and PR + NP (40%), respectively. Occupation title and history of organic
reproductive diseases were significantly associated with PR or PR+NP (all p <
0.05), while age, BMI (categorized either in standards of WHO or China), ethnicity and education level were not (all p > 0.05).

3.2. Lifestyles and Sperm Motility
About 54.7% of objects were smokers, and most of them (73.9%) drank wine,
while little of them enjoyed cola (6.9%) or coffee (1.1%). Over 20% had celery
intake every day (Table 2).
Cola drinking, using microwave oven, using plastic bags for meat products
storage, dietary celery intake, and prolonged sitting showed significant association with sperm motility (Table 2). Cola drinking, using microwave oven and
dietary celery intake was positively associated with PR, and PR + NP (all p <
0.05), while using plastic bags for meat products storage and sedentary time were
negatively correlated with PR and PR + NP (all p < 0.05).

3.3. Multivariate Analysis (ANCOVA) of Sperm Motility
To adjust confounding, all variables were incorporated into multivariate
ANCOVA models (Table 3). In the final model, negative associations of PR (β =
−5.92 or β = −6.04, respectively, p < 0.05) and PR+NP (β = −5.51 or β = −6.03,
DOI: 10.4236/arsci.2021.92015
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respectively, p < 0.05) with sedentary time more than 3 h/day or 5 h/day was
found. Industry work (β = −5.64 or β = −7.96, respectively, p < 0.05), using plastic bags for meat food storage (β = −5.56 or β = −6.37, respectively, p < 0.05)
were significantly associated with low PR and PR + NP yet. Meanwhile, men
with a history of organic disease were also found harmful to PR (β = −6.14, p <
0.05).
Dietary celery intake was beneficial to PR or PR + NP, i.e., leading to increases
of 7.0% (95% CI: 1.59, 12.42; p = 0.011) and 7.3% (95% CI: 1.45, 13.07; p =
0.015), respectively. Cola drinking was also found to be association with increased PR at 9.7% (95% CI: 1.46, 17.96; p = 0.021). There were no significant
differences observed between microwave oven using with sperm motility.
Table 1. Univariate analysis on sperm motility by population characteristics.
Progressive motility (PR, %)

Total motility (PR + NP, %)

Characteristics

n (%)

Sperm motility (PR, PR + NP)

349 (100.0)

41.6 ± 20.1

63.4 ± 21.4

≤34

169 (48.4)

42.1 ± 19.9

63.6 ± 20.1

35 - 39

105 (30.1)

44.2 ± 19.9

≥40

75 (21.5)

37.1 ± 20.4

60.2 ± 24.9

Han

155 (44.4)

41.1 ± 19.4

63.2 ± 20.8

Zhuang

148 (42.4)

41.3 ± 21.2

Others

46 (13.2)

44.8 ± 19.0

67.3 ± 20.8

Junior school and below

176 (50.4)

42.4 ± 20.3

64.7 ± 21.4

High or technical school

80 (22.9)

39.3 ± 20.4

College and above

93 (26.6)

42.3 ± 19.6

62.9 ± 21.2

Industry worker

73 (20.9)

37.1 ± 18.7

57.2 ± 21.9

Farmer

121 (34.7)

40.6 ± 21.3

Others

155 (44.4)

44.6 ± 19.4

66.8 ± 19.5

Underweight (<18.5)

19 (5.4)

46.0 ± 17.1

67.0 ± 16.2

Normal weight (18.5 - 24.9)

217 (62.2)

41.2 ± 20.3

Overweight (25.0 - 29.9)

98 (28.1)

42.3 ± 20.8

Obese (≥30.0)

15 (4.3)

38.9 ± 16.9

62.6 ± 20.7

Underweight (<18.5)

19 (5.4)

46.0 ± 17.1

67.0 ± 16.2

Normal weight (18.5 - 23.9)

178 (51.0)

40.1 ± 20.2

Overweight (24.0 - 27.9)

118 (33.8)

44.1 ± 19.8

Obese (≥28.0)

34 (9.7)

38.9 ± 21.7

No

267 (76.5)

43.0 ± 20.9

Yes

82 (23.5)

37.4 ± 16.8

Age (years)a

Ethnicitya

Education

a

Job titlea

BMI (on WHO
criteria, kg/m2)a

BMI (on China
criteria, kg/m2)a

With organic
reproductive diseasesb

Mean ± SD

t/F

2.809

0.634

0.717

3.650

0.458

1.447

P

0.062

0.531

0.489

0.027*

0.712

0.229

Mean ± SD

65.3 ± 20.7

62.4 ± 22.3

61.0 ± 21.7

62.8 ± 22.7

63.2 ± 21.8
63.2 ± 21.8

61.7 ± 21.7
66.4 ± 20.1

t/F

P

1.048

0.353

0.935

0.393

0.848

0.429

5.127

0.006*

0.190

0.903

1.740

0.168

1.933

0.054

59.6 ± 26.0
2.467

0.015*

64.6 ± 22.1
59.4 ± 18.9

BMI: Body mass index; SD: Standard deviation; aOne-way analysis of variance was used; bIndependent-samples t-test was used; *P < 0.05.
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Table 2. Univariate analysis on sperm motility by lifestyle.
Progressive motility (PR, %)

Total motility (PR + NP, %)

Lifestyle

n (%)

Sperm motility (PR, PR + NP)

349 (100.0)

41.6 ± 20.1

63.4 ± 21.4

Never

158 (45.3)

40.5 ± 20.9

62.0 ± 22.0

<20

79 (22.6)

43.4 ± 19.1

≥20

112 (32.1)

42.0 ± 19.8

63.8 ± 21.1

Never

91 (26.1)

38.7 ± 20.7

60.0 ± 21.8

Rice wine

159 (45.6)

43.3 ± 20.5

Red wine

26 (7.4)

43.7 ± 17.7

Beer

73 (20.9)

41.0 ± 19.1

Smoking (piece/day)

a

Alcohol consumptiona

t/F

0.576

1.131

P

0.563

0.336

Mean ± SD

65.6 ± 20.9

65.2 ± 22.1
64.3 ± 18.1

<50

269 (77.1)

42.1 ± 20.4

80 (22.9)

40.2 ± 19.2

No

345 (98.9)

41.8 ± 20.0

Yes

4 (1.1)

29.9 ± 26.0

No

325 (93.1)

40.9 ± 19.9

Yes

24 (6.9)

51.3 ± 20.1

No

223 (63.9)

39.7 ± 20.3

Yes

126 (36.1)

45.0 ± 19.3

No

272 (77.9)

42.9 ± 20.3

Yes

77 (22.1)

37.1 ± 18.8

0-2

123 (35.2)

43.5 ± 20.1

3-5

73 (20.9)

39.8 ± 17.9

≥6

153 (43.8)

41.0 ± 21.1

No

278 (79.7)

40.5 ± 20.3

Yes

71 (20.3)

46.2 ± 18.6

Never

54 (15.5)

46.3 ± 20.6

67.4 ± 21.4

1 - 2 times/month

86 (24.6)

43.9 ± 19.1

65.3 ± 20.1

3 - 4 times/month

30 (8.6)

41.2 ± 17.8

1 - 2 times/week

53 (15.2)

38.8 ± 21.1

3 - 5 times/week

33 (9.5)

39.1 ± 19.2

61.8 ± 21.8

Everyday

93 (26.6)

39.5 ± 21.0

61.8 ± 22.6

No

259 (74.2)

41.3 ± 19.9

Yes

90 (25.8)

42.6 ± 20.8

<3

118 (33.8)

45.5 ± 19.5

3-5

148 (42.4)

39.2 ± 19.4

≥5

83 (23.8)

40.6 ± 21.5

62.1 ± 23.1

<6

86 (24.6)

43.7 ± 19.5

65.8 ± 20.2

6-8

118 (33.8)

39.4 ± 20.4

≥8

145 (41.5)

42.3 ± 20.2

Coffee drinkingb

Cola drinkingb

Using microwave ovenb
Using plastic bags for
meat food storageb
Fruit intake
(times/week)a

Celery intakeb

Bicycling of 20 minb

Sedentary time (h/day)

a

Sleeping time (h/day)

a

t/F

P

0.745

0.475

1.159

0.325

0.184

0.854

0.282

0.778

−2.160

0.031*

−2.260

0.024*

2.479

0.014*

0.544

0.581

−1.995

0.047*

0.944

0.453

−0.310

0.757

3.110

0.047*

1.238

0.291

63.3 ± 20.6

≥50

Tea consumption
(g/week)b

Exercise of 20 mina

Mean ± SD

0.755

0.451

1.173

0.241

−2.463

0.014*

−2.366

0.019*

2.262

0.024*

63.5 ± 21.8
63.0 ± 20.1
63.4 ± 21.4
60.4 ± 26.7
62.7 ± 21.3
72.5 ± 21.2
61.4 ± 21.8
66.8 ± 20.4
64.9 ± 21.3
58.1 ± 21.1
64.4 ± 20.5

0.928

0.396

61.4 ± 19.1
63.5 ± 23.2

−2.147

1.336

−0.528

0.032*

0.248

0.597

62.2 ± 21.7
67.9 ± 19.8

63.8 ± 17.4
59.8 ± 23.2

63.2 ± 21.3
64.0 ± 21.9
67.2 ± 20.5

3.459

1.252

0.033*

0.287

61.0 ± 21.0

61.1 ± 22.3
63.8 ± 21.4

SD: Standard deviation; aOne-way analysis of variance was used; bIndependent-samples t-test was used; *P < 0.05.
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Table 3. Multivariate analysis of sperm motility.
Progressive motility (PR, %)

Subject

β (95% CI)
Others

Job title

With organic reproductive
diseases
Cola drinking

Using microwave oven
Using plastic bags for meat food
storage
Celery intake

Sedentary time (h/day)

P
Ref

Total motility (PR+NP, %)

β (95% CI)

P
Ref

Industry workers

−5.64 (−11.21, −0.07)

0.047*

−7.96 (−13.94, −1.98)

0.009*

Farmers

−1.48 (−6.33, 3.37)

0.550

−1.79 (−7.00, 3.41)

0.499

No
Yes

Ref
−6.14 (−11.00, −1.28)

No

Ref

Yes

9.71 (1.46, 17.96)

No

Ref

Yes

4.12 (−0.26, 8.51)

No

Ref

Yes

−5.56 (−10.61, −0.51)

No

Ref

Yes

7.00 (1.59, 12.42)

<3

Ref

Ref
0.013*

−4.62 (−10.23, 0.99)

0.106

Ref
0.021*

8.37 (−0.48, 17.23)

0.064

Ref
0.065

4.22 (−0.49, 8.93)

0.079

Ref
0.031*

−6.37 (−11.79, −0.95)

0.021*

Ref
0.011*

7.26 (1.45, 13.07)

0.015*

Ref

3-5

−5.92 (−10.66, −1.17)

0.015*

−5.51 (−10.60, −0.42)

0.034*

≥5

−6.04 (−11.60, −0.47)

0.034*

−6.03 (−12.01, −0.06)

0.048*

CI: Confidence interval; Ref: Reference; *P < 0.05.

4. Discussion
Our present study showed that dietary celery intake, cola consumption increased
the PR and/or PR + NP of sperm, while using plastic bags for meat food storage,
industry work, organic disease and sedentary lifestyle decreased the index.
Celery is a homely food material in China and was habitually used as condiment or spice in the local recipe. It is an important herb to the traditional Chinese medicine, and was recorded in the ancient Chinese medicine book “Newly
Revised Materia Medica” (Xinxiu Bencao) on its medicinal value in 659 AD [12].
Modern medical studies have shown that aqueous extract of celery leaves promoted sperm production in rats [13] in a dose-dependent manner, and celery oil
(A. graveolens) relieved testicular injury induced by diethyl phthalate [14]. Celery possibly improves human semen quality by its antioxidant effects [15] because of its abundance of apigenin, carotene and vitamins, etc. Anyway, it must
be noted that celery (Apium graveolens L.) refers to Qin-Cai (A. graveolens var.
secalinum) locally, a kind of vegetable between celery (A. graveolens var. dulce)
and coriander, with strong fragrant smell, usually used as a condiment or spice
in the local cuisines [16].
Cola consumption was found to be associated with higher PR in this study
and is accordant to the study by Pokhrel et al. [17] on young Chinese men, and
among them higher PR + NP was also found in that study, though not observed
DOI: 10.4236/arsci.2021.92015
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in our present study. A relevant research also reported that caffeinated beverage
(e.g., coffee and cola) increased sperm motility [18], though opposite results existed [6] [19]. The discordant associations of cola or coffee consumption with PR
may be explained by the fairly low consumption of coffee and cola by the population of our study, e.g., few (no more than 8.0%) people consumed coffee or cola. Anyway, given the very little caffeine contained in cola (70 mg in 0.5 L), the
increase of sperm motility could be attributed to both caffeine and other ingredients such as sugar [20].
Our study showed that the use of plastic bags for meat food storage was associated with the decrease of PR and PR + NP. Many local people know little about
the fact that polyvinyl chloride (PVC) film bags contain harmful chemicals such
as bisphenol A (BPA), so they used PVC plastic bags to store food indiscriminately. The chemicals in plastic bags could leak out and contaminate food. The
chemicals entered and accumulated in human body via food and drink, finally
leading to adverse effects including reproductive toxicity which was manifested
as reduced sperm motility [21].
Occupation category is found to be associated with sperm motility in the
present study. Industry workers had lower PR and PR+NP than those with other
job categories including business services, education, and freelancing. However,
sperm motility was not significant different between workers and farmers. This
may be related to workers and farmers shared some common exposures such as
airborne PM2.5 [22], lead, cadmium, chromium, pesticides [23] [24].
Organic diseases of the reproductive system (e.g., varicocele, prostatitis, cryptorchidism) is observed as risk factors for poor semen quality such as decreased
sperm concentration, motility in many studies [17] [25], which is in line with
our research results.
The effects of physical activity and sedentary lifestyle on semen quality have
received a lot of attention but shown contradictory results in recent year [17]
[26], though inconsistent. Our present research indicated that sperm motility in
the sedentary group (i.e., prolonged sitting ≥ 3 h/day) was lower than that of
men who did not, but there was no significantly transformational trend with exercise levels.
Negative effects of age, smoking, drinking [3], and abnormal BMI [27] on semen quality have been reported, but not always consistent among studies [17].
Our investigation did not show the links. The reasons for this discrepancy may
be: 1) ethnic minorities account for a relatively high proportion in this study (the
proportions of Han ethnic vs Zhuang ethnic are 91.5% vs 1.28% nationally, but
44.2% vs 42.4% in the present study, similar to that of this region), possibly resulting in lessened comparability; 2) type and intensity of smoking and drinking
in this population are a bit different from other studies, e.g., local people prefer
locally produced rice wine to blend wine, locally handmade tobacco to cigarettes;
3) because of the limitation of the relatively small sample and the insufficient
further detailed data, some links among variables were not discovered, e.g.,
DOI: 10.4236/arsci.2021.92015
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physical work among the subjects was not quantitatively assessed, and coffee
drinking was not a popular lifestyle.
Because of the cross-sectional design, small sample volume, ethnic composition of the study population, statistical efficiency of the study decreased to some
extent. However, the project in the ethnic minority region extended some new
findings, and our study expands the knowledge on male infertility and its associations with possible risk factors. Because the lifestyle of the local population is
changing quickly, we would suggest that a multicenter prospective study should
be conducted to further clarify the relationship between lifestyle and human
sperm motility in this district, so that effective intervention could be provided to
protect and improve the quality of human semen.

5. Conclusion
Modifiable lifestyle factors such as job title, cola consumption, dietary celery intake, plastic bags for meat food storage, and sedentary lifestyle were related to
progressive motility or total motility. Further multicenter prospective studies on
this issue are needed to develop effective interventions to improve the quality of
human semen.
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