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In this study, normal values of semen analysis were set for a general infertile population of couples
among which most women had normal ovulation. The predictive capacity values of sperm quality,
including concentration, motile count, progressive motile count, and morphology, are unclear for women
with polycystic ovary syndrome (PCOS). A secondary analysis was conducted based on a randomized con-
trolled trial investigating infertility among women with PCOS experiencing ovulatory disorder between
2011 and 2016 in China. A total of 1000 women received ovulation induction (acupuncture and clomi-
phene). We randomized the women with PCOS in 27 hospitals in China who received one of four inter-
ventions (acupuncture plus clomiphene, sham acupuncture plus clomiphene, acupuncture plus placebo,
or sham acupuncture plus placebo). Semen analysis was performed for every male partner according to
the World Health Organization (WHO) criteria. The outcomes included conception, clinical pregnancy,
and live birth. Logistic regression was used to evaluate the predictive value of semen analysis among ovu-
latory women for conception, clinical pregnancy, and live birth. Among the 1000 couples, the number of
couples who attained ovulation, conception, clinical pregnancy, and live birth were 780, 320, 235, and
205, respectively. Semen volume and motility were applied and used as prediction parameters for con-
ception (area under the curve (AUC) of 0.62 (95% confidence interval (CI), 0.55–0.69)), clinical pregnancy
(AUC of 0.67 (95%CI: 0.61–0.73)), and live birth (AUC of 0.57 (95%CI: 0.50–0.64)). No poor calibration was
shown for these models in Hosmer–Lemeshow tests. The predictive capacity of semen analysis for treat-
ment outcome in PCOS women with PCOS experiencing with ovulatory dysfunction is limited.

� 2021 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and
Higher Education Press Limited Company. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction morphology. Researchers have found that aberration of theca cells,
Amajor reason of infertility in women is the inability to ovulate.
Within this category, polycystic ovary syndrome (PCOS) is the
most prevalent cause [1]. PCOS is clinically characterized by hyper-
androgenism, ovulatory dysfunction, and polycystic ovarian
defective apoptosis in mature follicles, and disorder related to the
insulin signaling pathway are risk factors of PCOS [2]. As a meta-
bolic and polygenetic disorder, PCOS is considered to be relevant
to cytochrome P450 family 11 subfamily A (CYP11A), CYP21, sex
hormone binding globulin (SHBG), insulin (INS), and especially
anti-Mullerian hormone (AMH) and AMH receptor II (AMHRII),
which are closely related to ovarian functions [3]. Due to the
downstream processing of biotechnology, metabolomics studies
reflect a PCOS phenotype more realistically than genomics and
proteomics studies. It has been reported that the metabolic
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pathways of oleic and palmitic acid are intensified in PCOS patients
with normal androgen levels [4]. The first-line treatment for PCOS
as a cause of infertility is ovulation induction by means of drugs
such as clomiphene citrate or letrozole. Assisted reproductive tech-
nology (ART) such as in vitro fertilization (IVF), which carries high
risk and cost, is another option for women with poor response to
ovulation induction [5].

Semen analysis, with parameters that include volume, concen-
tration, motility, morphology, andmotile sperm count, is an impor-
tant laboratory workup to evaluate male fertility [6,7]. However,
its normal values are set up for a general infertile population in
which most women are ovulatory. Predictive models of sperm
quality exist for spontaneous pregnancy among a population with-
out ovulation disorders [8,9]. Previous studies have suggested that
contact with human sperm could change the function of the fallo-
pian tube [10,11]. The released oocytes of women with PCOS have
relatively poor quality, which is probably due to intrinsic genetic
defects along with an androgen excess state [12]. Therefore, we
hypothesize that the role of semen parameters in predictive mod-
els for women with PCOS is different from that in predictive mod-
els for normal women. However, few articles focus on the
association between the reproductive outcomes of females with
ovulatory dysfunction and sperm parameters involving concentra-
tion, motile count, progressive motile count, and morphology.

The purpose of this study is to expound on the association
between semen analysis and fecundity-related outcomes including
conception, clinical pregnancy, and live birth for women with PCOS
with ovulatory dysfunction. We performed the analysis based on
data extracted from a large sample size: a randomized controlled
trial in which PCOS women had induced ovulation for live birth.
2. Methods

2.1. Participants

The study data were extracted from a randomized controlled
trial known as PCOSAct from 21 local sites in the mainland of China
[13]. All female subjects were diagnosed with PCOS by modified
Rotterdam criteria; that is, all female subjects were anovulatory
and exhibited hyperandrogenism and/or polycystic ovaries [14].
The age range of these anovulating women with PCOS was from
19 to 40 years old, and the mean age was (28.06 ± 3.31) years
old. All the subjects signed informed consent for participation in
this study. This trial aimed to determine the efficacy of clomiphene
and acupuncture for achieving the primary outcome of live birth.
All the male partners had semen analysis performed before enrol-
ment and signed informed consent for participation in this study.

PCOSAct was carried out according to the principles of the Dec-
laration of Helsinki. The trial was commenced after having obtained
the approval of the Ethic Committee of First Affiliated Hospital,
Heilongjiang University of Chinese Medicine. Participants were
informed about the risks and benefits of the study, and they were
allowed to voluntarily cease their participation in the study at any
time for any reasons.
y a, b, and c mean sperm motility. Grade a: sperms that fall in this category are the
ones with progressive motility, they move fast in a straight line and are the strongest;
Grade b: these sperms move in a non-linear direction, they do move forward but in a
curved or crooked motion; Grade c: these move in a non-progressive manner, which
means they do move their tails but do not progress forward.
2.2. Semen analysis

At local sites, the male partners were required to provide semen
analysis that had been performed within one year in order to con-
firm eligibility for this study. The mean age of the male partners in
the randomized controlled study was (29.94 ± 4.16) years old. If
the male partners had had no semen analysis within one year,
trained technicians at local laboratories performed a semen analy-
sis. The sperm parameters were evaluated following the World
Health Organization (WHO) criteria [7]. The main parameters
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included volume, concentration, total motility (a + b + c)y, and nor-
mal morphology. The inclusion criteria for semen analysis are: ① a
sperm concentration � 15 � 106 mL�1 and progressive motility
(a + b) � 32% or total motility (a + b + c) � 40%; or ② a total motile
sperm count � 9 million per single ejaculation.

2.3. Ovulation induction and follow-up

The female participants received one of four interventions
(acupuncture plus clomiphene, sham acupuncture plus clomi-
phene, acupuncture plus placebo, or sham acupuncture plus pla-
cebo) for four months. All couples were required to have regular
intercourse (2–3 times per week). Serum progesterone and human
chorionic gonadotropin (HCG) were tested to determine ovulation
and conception. If the female subject conceived, she would be fol-
lowed up with until postpartum.

2.4. Data analysis

For each sperm parameter, we calculated the median, 5th per-
centile, and 95th percentile. An assessment was done for the pre-
dictive value of semen analysis for the male partner among
ovulatory women for conception, clinical pregnancy, and live birth.
All 780 ovulatory women were divided into two groups (with a
ratio of 6:4); the data from 60% of the participants were used to
develop prediction models for conception, clinical pregnancy, and
live birth (training sample). The data from the remaining individu-
als were used to verify those prediction models (verification sam-
ple). First, univariate logistic regression was used to determine the
value of each independent variable, including volume, concentra-
tion, morphology, and motility. Crude odd ratios (ORs) with a
95% confidence interval (CI) were calculated. Subsequently, multi-
variate logistic regression was used to assess the values of all
parameters together and to establish the model using the training
samples. All parameters were treated as continuous variables. The
discriminative capacity of the models was evaluated by calculating
the area under the curve (AUC) with 95%CI in the verification sam-
ple. A model with perfect discrimination has an AUC of 1, while an
AUC of 0.5 refers to a model with no discrimination. The calibration
of the models was also evaluated by the Hosmer–Lemeshow test.
This test assesses whether the observed rates match the probabil-
ities in the study group or not. Models with similar calculated
probabilities and observed rates are deemed to be well calibrated.

3. Results

3.1. Participants and semen analyses

Data were extracted from all 780 ovulatory couples. There were
775 semen routine reports obtained from 780 ovulatory couples,
and only 408 reports showed normal sperm morphology. Among
the780ovulatory couples, thenumberof coupleswhoachievedcon-
ception, clinical pregnancy, and live birth was 320, 235, and 205,
respectively [15]. In regard to the semen analyses, the concentration
had a median of 70.10 � 106 mL�1 (5th–95th percentile:
17.57 � 106–305.36 � 106 mL�1). The volume had a median of
3.00 mL (5th–95th percentile: 1.50–5.90 mL). The total motility
had a median of 70% (5th–95th percentile: 42%–95%). The
morphology had a median of 64.05% (5th–95th percentile: 5.00%–
92.40%) (Table 1).



Table 1
Sperm quality among the male partners of all ovulated women.

Statistical description Semen parameter

Concentration (� 106 mL�1) Volume (mL) Total motility (grade a + b + c) Morphology (normal)

Median 70.10 3.00 70% 64.05%
5th percentile 17.57 1.50 42% 5.00%
95th percentile 305.36 5.90 95% 92.40%

Table 2
Results of multivariable logistic regression analysis of semen parameters for the prediction of conception among all ovulated women.

Statistical description Semen parameter

Constant Concentration Volume Total motility (grade a + b + c) Morphology (normal)

Beta �3.410 0.003 0.210 3.500 �0.010
Standard error 0.810 0.001 0.100 0.990 0.004
Wald 17.67 3.20 4.13 12.58 1.65
p value < 0.001 0.070 0.040 < 0.001 0.200
OR 0.03 1.00 1.23 33.26 0.99
95%CI — 1.00–1.01 1.01–1.51 4.80–230.67 0.99–1.00

Hosmer–Lemeshow test: v2 = 8.97, p = 0.35.
The establishment model: Y = �3.41 + 0.21 � volume � 0.01 �morphology + 3.50 �motility + 0.003 � concentration.
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3.2. Model performance: Model for conception among ovulatory
women

The results of the logistic multivariable regression modeling are
presented in Table 2 and Fig. 1. Volume and motility were signifi-
Fig. 1. Model for conception among ovulatory women by AUC test. The results of
the test are as follows: AUC = 0.62 (95%CI: 0.55–0.69); Youden index = 0.23; model
sensitivity = 56.41%; model specificity = 66.92%.

Table 3
Results of multivariable logistic regression analysis of semen parameters for the predictio

Statistical description Semen parameter

Constant Concentration Volum

Beta �2.540 0.003 0.210
Standard error 0.680 0.001 0.100
Wald 13.94 3.12 4.15
p value < 0.001 0.080 0.040
OR 0.08 1.00 1.23
95%CI — 1.00–1.01 1.01–

Hosmer–Lemeshow test: v2 = 12.01, p = 0.15.
The establishment model: Y = �2.54 + 0.21 � volume � 0.01 �morphology + 496 �moti
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cant predictors for conception among ovulatory women in the uni-
variate analysis. The prognostic effects of volume and motility
were also significant in the multivariate analysis when other
semen parameters were included. Concentration and morphology
had no significant effect on conception. The ORs of the volume
and motility for conception were 1.23 (95%CI: 1.01–1.51) and
33.26 (95%CI: 4.80–230.67), respectively. The model for conception
had an AUC of 0.62 (95%CI: 0.55–0.69). The Hosmer–Lemeshow
test statistic showed no poor calibration (p = 0.35).

3.3. Model performance: Model for clinical pregnancy among
ovulatory women

The results of the logistic multivariable regression modeling are
presented in Table 3 and Fig. 2. Volumeandmotilitywere significant
predictors for clinical pregnancy among ovulatory women in the
univariate analysis. The prognostic effects of volume and motility
were also significant in themultivariate analysis when other semen
parameters were included. Concentration and morphology had no
significant effect on clinical pregnancy. The ORs of the volume and
motility for clinical pregnancy were 1.23 (95%CI: 1.01–1.51) and
32.98 (95%CI: 4.76–228.76), respectively. The model for clinical
pregnancy had an AUC of 0.67 (95%CI: 0.61–0.73). The Hosmer–
Lemeshow test statistic showed no poor calibration (p = 0.15).

3.4. Model performance: Model for live birth among ovulatory women

The results of the logistic multivariable regression modeling
are presented in Table 4 and Fig. 3. Volume and motility were
n of clinical pregnancy among all ovulation women.

e Total motility (grade a + b + c) Morphology (normal)

3.500 �0.010
0.990 0.004
12.52 1.48
< 0.001 0.220
32.98 1.00

1.51 4.76–228.76 0.99–1.00

lity + 0.003 � concentration.



Fig. 2. Model for clinical pregnancy among ovulatory women by AUC test. The
results of the test are as follows: AUC = 0.67 (95%CI: 0.61–0.73); Youden
index = 0.28; model sensitivity = 73.96%; model specificity = 54.33%.

Fig. 3. Model for live birth among ovulatory women by AUC test. The results of the
test are as follows: AUC = 0.57 (95%CI: 0.50–0.64); Youden index = 0.15; model
sensitivity = 46.15%; model specificity = 69.23%.
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significant predictors for live birth among ovulatory women in the
univariate analysis. The prognostic effects of volume and motility
were also significant in a multivariate analysis when other semen
parameters were included. Concentration and morphology had no
significant effect on live birth. The ORs of the volume and motility
for live birth were 1.52 (95%CI: 1.22–1.91) and 22.97 (95%CI: 2.65–
199.18), respectively. The model for live birth had an AUC of 0.57
(95%CI: 0.50–0.64). The Hosmer–Lemeshow test statistic showed
no poor calibration (p = 0.43).
4. Discussion

Infertility is related to both members of a couple, so male and
female factors should be considered equally. Semen analysis is
usually performed in order to rule out male factors in couples with
PCOS. There is limited knowledge about the predictive values of
semen analysis for reproductive outcomes in women with PCOS
who ovulate after ovulation induction. In this research, we evalu-
ated the prognostic effect of semen analysis on the female partners
for obstetric outcomes, through a secondary analysis based on
PCOSAct. All semen analyses had been routinely accomplished
before the enrolment in this study. Our study specifically evaluated
the prognostic values of common sperm parameters including
concentration, volume, motility, and morphology to predict
Table 4
Results of multivariable logistic regression analysis of semen parameters for the predictio

Statistical description Semen parameter

Constant Concentration Volum

Beta �4.440 0.001 0.420
Standard error 0.940 0.001 0.120
Wald 22.28 0.84 13.41
p value < 0.001 0.360 < 0.001
OR 0.01 1.00 1.52
95%CI — 0.999–1.004 1.220–

Hosmer–Lemeshow test: v2 = 8.05, p = 0.43.
The establishment model: Y = �4.44 + 0.42 � volume � 0.01 �morphology + 3.13 �mot

1589
conception, clinical pregnancy, and live birth for women with PCOS
who ovulated after ovulation induction through clomiphene and
acupuncture. We found that volume and motility did have predic-
tive capacities for conception, clinical pregnancy, and live birth
among women with PCOS who ovulated.

Prediction of obstetric outcomes through semen motility and
sperm volume is controversial. Evgeni et al. [16] compared semen
parameters between men with different fertility statuses and
found that semen volume and motility differed significantly.
Semen parameters are considered to be associated with the time
to pregnancy and fecundity. Better semen motility has been posi-
tively related to a shorter time to pregnancy [17]. The threshold
value of semen motility has been reported as being used as one
of the predictors for fertility in couples [18]. Guan et al. [19] found
that there was a strong correlation between sperm motility and
pregnancy, under the premise of normal reproductive functions
of both men and women. Kasman et al. [20] also concluded that
sperm motility was associated with pregnancy rates. These find-
ings are consistent with our analysis that spermmotility has a pos-
itive effect on obstetric outcome. In addition, we found that sperm
volume had a similar promoting effect. Liu et al. [21] found that,
among infertile men receiving assisted reproduction, the semen
concentration had an impact on the reproductive outcome, rather
than the semen volume. We also analyzed sperm morphology
and semen concentration, but neither of these parameters had sig-
nificant predictive ability.
n of live birth among all ovulation women.

e Total motility (grade a + b + c) Morphology (normal)

3.130 �0.010
1.100 0.010
8.09 1.50
0.004 0.220
22.97 0.99

1.910 2.650–199.180 0.980–1.000

ility + 0.001 � concentration.
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The overall rates of conception and live birth reported in similar
randomized controlled trials of infertile women with PCOS [22,23]
are rather low compared with those in PCOSAct. Although first-line
treatment for ovulation induction is effective for PCOS, methods to
improve oocyte quality might be a good point in ovulation induc-
tion for women with PCOS in the future. Our study indicates that
better sperm quality (e.g., more motile sperm) could increase the
chance of conception and live birth for women PCOS who has poor
oocyte quality. Poor oocyte quality might cause difficulty in fertil-
ization and implantation, even with relatively good semen quality.
However, our results also showed that these prognostic values
were limited. The models we built were based only on semen
parameters, not on other female factors or treatment factors. When
predicting conception, clinical pregnancy, and live birth, a typical
model might be mainly based on female factors [24]. The limited
predictive value of semen analysis indicates that the reason for
the low chance of conception and live birth in such cases might
be due to poor oocyte quality.

This is the first study to discuss the effect of the male partner’s
semen parameters on obstetric outcomes including conception,
clinical pregnancy, and live birth in women with PCOS who has a
history of infertility for two years. For PCOS patients who ovulate
after ovulation has been induced by clomiphene and acupuncture,
we found that semen volume and spermmotility had a certain pre-
dictive power for obstetric outcome. In this secondary analysis
with a large sample size, there was a high level of compliance from
all the female subjects and their male partners. All couples agreed
to have regular intercourse during the study period with the intent
to conceive, and the subjects were in good health, without major
medical disorders. The limitation of our study is that clear exclu-
sion criteria existed for lower semen parameter references due to
the design of the randomized controlled trial. The semen parame-
ters had to meet one of these two standards: ① sperm
concentration � 15 � 106 mL�1 and total motility (a + b + c)
� 40% or progressive motility (a + b) � 32%; or ② total motile
sperm count � 9 million for one ejaculation. Since our population
excluded some couples with semen parameters under the lower
reference values, this might hamper the external validity of our
model in a wider population.
5. Conclusions

This study shows that semen analysis parameters including vol-
ume and motility have potential prediction power for conception,
clinical pregnancy, and live birth in women with PCOS experienc-
ing ovulatory dysfunction, although the predictive capacity is lim-
ited. It is not recommended to use semen parameters to predict
treatment outcomes for anovulatory women undergoing ovulation
induction.
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