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Abstract

Background: Infertility is a reproductive health problem which affects not only individuals, families and social popu-
lations. Recently, the infertility rate in China has a trend of increase year by year, and few studies have reported the
infertility rate in Henan Province, China. The aim of this study was to investigate the current prevalence and associated
factors of infertility among women of childbearing age in Henan Province, China.

Methods: This cross-sectional study was conducted from March 2019 to October 2019. We sampled 765 women
who were 20-49 years old in eight hospitals of four cities in Henan Province, China. This survey included a question-
naire, physical examination, vaginal ultrasound examinations, and serum anti-Mullerian hormone (AMH) assessment,
all of which were conducted under uniform standards by trained personnel. According to the data collected from
questionnaire, participants were divided into infertile and fertile groups and analyzed associated factors.

Results: Among all the 765 participants in this study, the prevalence of infertility was 24.58%. The prevalence of
primary infertility was 6.54%, and the prevalence of secondary infertility was 18.04%. In logistic multivariate regres-
sion analyses, infertility was associated with age (p <0.001), history of gynecological surgery (p <0.001), sweet food
(p=0.003) and decreased ovarian reserve (DOR) (p < 0.001). After further analyses, factors associated with primary
infertility were age of marriage (p=0.006), age of first sexual intercourse (p=0.003), long-term air-conditioning envi-
ronment (p <0.001), decreased ovarian reserve (p=0.005) and age (p =0.002). And factors associated with secondary
infertility were history of gynecological surgery (p <0.001), decreased ovarian reserve (p=0.002), waist-to-hip ratio
(WHR) above 0.85 (p=10.043), delivery times (p =0.001) and ages (p <0.001).

Conclusion: The prevalence of infertility among women aged 20-49 was 24.58% and only 61.17% infertile women
sought medical help in Henan Province, China. Age, history of gynecological surgeries and DOR may increase the risk
of infertility. Local public health departments and medical professionals need to discharge their duty of reducing the
high incidence of infertility and protecting women'’s reproductive health.
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Plain Language summary

and physical and ultrasound examinations were done.

increase the risk of infertility.

Infertility prevalence rate has increased in the past 30 years. Infertility plagues thousands of women of childbear-
ing age. Although not life-threatening, the detrimental influence of infertility to patients, their families, and society
should not be underestimated, especially in China. In order to investigate the prevalence of infertility, determine the
associated factors, and promote disease prevention and treatment, we conducted a cross-sectional study among
20-49 year old women in Henan, one of the central provinces of China.

This study distributed 920 questionnaires and collected 803 completed questionnaires. Interviews, questionnaires,

Among all the 765 participants in this study, the prevalence of infertility was 24.58%. The prevalence of primary
infertility was 6.54%, and the secondary infertility was 18.04%. Age, history of gynecological surgeries and DOR may

In conclusion, among women aged 20-49 years in Henan Province, China, the prevalence of infertility in 2019 was
24.58% and 61.17% of infertile women sought medical help.

Background

Infertility is a global reproductive health problem and the
prevalence rate increased by 0.37% per year for females
and the global disease burden of infertility had increased
from 1990 to 2017 [1]. With environment and lifestyle
changes, the incidence of infertility might be associated
with the delay of marriage and giving birth to the first
child [2, 3], environmental pollution [4], and unhealthy
lifestyles [5]. Although not life-threatening, the detri-
mental influence of infertility to patients, their families,
and society should not be underestimated. For patients
diagnosed with infertility, psychological pressure rises
and the relationships between family members dete-
riorate [6], which may greatly affect the quality of life.
In addition, the declining birth rate could potentially
worsen the aging problem.

In 2007, international estimated about the preva-
lence of infertility in developed countries ranged from
3.5 to 16.7%, while in developing countries the preva-
lence ranged from 6.9 to 9.3% [7]. At present, there
were only a few studies about infertility epidemiology
in China. According to national survey data from China
in 1988, infertility rates were 2.3% in Qinghai Province,
3.7% in Tibet, and 3.7% in Xinjiang, respectively [8]. The
prevalence of infertility was found to be 5.1% in Shang-
hai, China, in a study of 7872 newly married couples in
1992-1993 [9]. In 2010-2011, a population-based study
including 25,270 couples found that the prevalence
of infertility was 15.5%, and among couples who were
actively attempting to become pregnant the rate was
25.0% in China [10]. The prevalence of infertility was
about 13.09% in rural northern of China in 2014 [11]
and was 11.87% in Guizhou Province in 2012 [12]. Little
reported information was available about the prevalence
of infertility in Henan Province, a central Chinese prov-
ince with a large population.

Meanwhile, there was difference in the risk factors of
infertility among different studies. A national popula-
tion-based study in China found that risk factors were
irregular menstrual cycle, light menstrual blood vol-
ume, history of cervicitis and endometriosis, previous
stillbirth and miscarriage and history of operation [10].
A research at a rural site of Northern China showed
that risk factors for infertility included body mass index
(BMI), state of exercise, amount of menstrual flow, and
number of pregnancies and abortions [11]. Another
research enrolled 2151 newly married couples in rural
region of northern China and found that hepatitis B,
epilepsy, diabetes, passive smoke and overweight were
associated with infertility [13]. A large-scale com-
munity-based study which recruited 12,964 women
aged 18-49 years in China reported that women with
oligomenorrhea had higher prevalence of infertil-
ity [14]. Another study reported that increasing age at
menarche was associated with infertility [12].

Assisted reproductive technology (ART) has been
shown to effectively help infertile couples to have their
own children [15]. In 1994, infertility was listed as the
components of reproductive health for the first time at
International Conference on Population and Develop-
ment (ICPD) [16]. In 2004, the World Health Organi-
zation’s first global strategy on reproductive health was
presented and infertility services became one of the
aspects [17]. It is also a reproductive right for infer-
tile couples to have access to ART [18]. One research
reported in 2016 by National Health Commission of the
People’s Republic of China that there were 451 licensed
ART clinics in total in mainland China [19] and another
research reported by the Chinese Society of Reproduc-
tive Medicine that there were in total 1,211,303 cycles
from 133 ART centers in China during 2013-2016
[20]. However, previous study showed that only 55.2%
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infertile women had a willingness to seek medical help
in China [10], which might be attributed to the medical
cost and social stigma.

This cross-sectional study investigated the prevalence
of infertility and AMH level among women of childbear-
ing age in Henan Province, China, for the first time. It
provided detailed information on the willingness of infer-
tile women to seek medical help and associated factors of
infertility, all of which could help to know reproductive
health of childbearing aged women, provide ART ser-
vices purposely and promote campaigns on popular sci-
ence of infertility prevention in Henan Province, China.

Materials and methods

Design and study population

This cross-sectional study was carried out from March
2019 to October 2019 in Henan Province, China. The
previous survey showed the prevalence of infertility

in developing countries was about 9.3% [7]. The for-
Zo2P(1—P)
mula for simple estimation of sample size was —2——

(Z% = 1.64,P = 9.3%,E = 2%). With an allowable error
of 2% and a confidence level of 90%, a total sample size of
568 would be required. We assumed 30% non-response
rate resulting a required sample size of 811, which was
a reference size for us to distribute questionnaire. Mul-
tistage stratified random sampling was used. We chose
Zhengzhou, Zhumadian, Xinxiang, and Luoyang ran-
domly to represent central, southeastern, northeastern,
and western populations, respectively, as they are among
the top 10 cities with the largest population in Henan
Province, China. Finally, eight hospitals were chosen
randomly through these four cities, including two urban
hospitals and one rural hospital in Zhengzhou, one rural
hospital in Zhumadian, and one urban hospital and one
rural hospital in Xinxiang and Luoyang separately. The
ratio of the number of participants from rural to urban
was approximately 1:1.

Women were recruited through information letters
and prints ads in these four cities. Participants could
receive free physical and ultrasound examinations,
serum AMH test and health counseling. All participants
signed an informed consent and each had a unique iden-
tification number assigned to protect their privacy. The
inclusion criteria for participants were as follows: (1)
20-49 years old; (2) married or cohabitational; (3) local
residents. The exclusion criteria for participants were
as follows: (1) never had sexual intercourse; (2) had life-
threatening major diseases such as hepatic failure, renal
failure, malignant tumors, or severe cardiovascular
and cerebrovascular diseases; (3) received continuous
medical treatment that could affect fertility. This sur-
vey was conducted by the Ethics Committee of Henan
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Provincial People’s Hospital (Zhengzhou, China, NO.
SYSZ-LL-2019012410).

Sample and data collection
We formed a working group under same training to
conduce this research, which included three senior oby-
gyne specialists and three reproductive medical gradu-
ate students. This working group went to these eight
hospitals to recruit participants. Publicity by informa-
tion letters and prints ads were carried out in advance,
and all local women who saw these could contact the
working group when they arrived. This study includes
interviews, questionnaires, physical and ultrasound
examinations, and serum sample collections. First,
face-to-face interviews were conducted by one special-
ist. During the interviews, participants would be intro-
duced this research and be informed the pros and cons
of participating in this research. If they agree to partic-
ipate, they should sign an informed consent and con-
tinue the next steps. They could opt out of this research
at any time but not be count as a valid sample for this
study. The next step was to complete the paper ques-
tionnaires, which contained a series of questions and
divided into three parts, including basic information,
marriage and childbirth history, and personal lifestyle
habits, under the guidance of this specialist. Mean-
while, participants would have access to free health
counseling in this process. Then, physical and ultra-
sound examinations were performed and recorded by
other two specialists. The vaginal ultrasound examina-
tions were done by one, and another recorded the data
on the paper questionnaires including sizes of ovaries
and uterine, antral follicular counts (AFC), endometrial
thickness and special cases such as ovarian cysts and
uterine fibroids. Third, serum samples were collected
in the morning after fasting for solids and liquids. All
serum samples were stored at — 80 °C and tested with
uniform standards. This process was done by 3 gradu-
ate students of the working group. Supervision and
quality control were conducted throughout the entire
study. The study adopted double entry mode of paper
questionnaire data and were analyzed anonymously.
Finally, we distributed 920 paper questionnaires and
collected 803 completed paper questionnaires and 800
serum samples. Figure 1 showed the flow chart of the
decision process to identify infertile women accord-
ing to the queries in the questionnaire. After excluding
those who did not meet the inclusion criteria and who
met the exclusion criteria, the final number of study
participants was 765.

Among 765 participants, 6 were pregnant naturally,
629 did become pregnant, and 130 had never gotten
pregnant before. According to their history of pregnancy,
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Fig. 1 Flow chart of the decision process to identify by questionnaire

child birth and contraception, the infertile women were
divided into primary infertility and secondary infertility
cohorts.

Definition and standard of diagnosis

Infertility is defined as the failure to achieve a clinical
pregnancy after 12 months or more of regular unpro-
tected sexual intercourse according to the World Health
Organization [21, 22]. Primary infertility is defined as
a woman who has never been diagnosed with a clini-
cal pregnancy and meets the criteria of being classified
as being infertile, while secondary infertility is defined
as a woman unable to establish a clinical pregnancy
who has previously been diagnosed with a clinical preg-
nancy [23]. The diagnostic criteria applied for polycys-
tic ovary syndrome (PCOS) are the 2003 Rotterdam
criteria [24]. The history of gynecological surgery men-
tioned below includes ovarian cyst removal or oopho-
rectomy, uterine fibroids surgery, uterine mediastinal
resection or uterine adhesion lysis, and fallopian tube

surgery. Among the frequency mentioned below, ‘often’
means 5-7 times a week and ‘sometimes’ means 3-4
times a week, and ‘seldom’ means 1-2 times a week.
“Thin’ means that BMI is less than 18.5 kg/m% ‘Nor-
mal’ means 18.5 kg/m?<BMI<24 kg/m? ‘Overweight’
means 24 kg/m?<BMI <28 kg/m> ‘Obesity’ means that
BMI is more than 28 kg/m?” The normal reference value
of serum AMH level ranges 0.32—-8.64 ng/ml for women
aged 20-35 vyears, 0.12-6.08 ng/ml for women aged
36—42 years, and 0.01-3.61 ng/ml for women older than
43 years. Sweet food refers to food with high sugar con-
tent including but not limited to fruits such as lychees,
grapes and durians, drinks such as cola and bubble tea
and snacks such as chocolates, cakes and cookies.

Statistical analysis

Measurement data used mean = standard deviation (SD)
to describe central tendency and dispersion degree,
while count data used frequency and percentage (%) to
express. We used Pearson’s Chi-squared test to compare
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disorder classified data and independent samples T-test
to compare the means of two samples. We used binary
logistic multivariate regression analysis, and for variable
selection we used forward stepwise regression based on
maximum likelihood estimation (entry level a=0.05,
elimination level a=0.1). p<0.05 indicated that the dif-
ference was statistically significant. SPSS version 26.0 was
used for statistical processing.

Results

Study population

The mean=+SD age was 32.971£0.259 years for the
fertile group and 34.957+0.396 years for the infer-
tile group. The difference in mean age between these
two groups was statistically significant (p<0.001). The
mean=+SD of BMI was 22.561+0.137 kg/m? for the
fertile group and 22.75940.237 kg/m? for the infer-
tile group. The mean=+SD of WHR was 0.825+0.003
for the fertile group and 0.818+0.005 for the infertile
group. The mean+SD of AMH for the fertile group
was 3.734+£0.151 ng/ml and 3.557+0.262 ng/ml for
the infertile group. The mean=+SD of the age of mar-
riage for the fertile group was 24.359£0.117 years and
25.069 £ 0.235 years for the infertile group.

As shown in Table 1, the difference in the region, age,
age of marriage, history of gynecological surgery, the fre-
quency of eating sweet food, long-term stay in air-condi-
tioning environment, ovarian dysfunction, and history of
endometriosis between the two groups were statistically
significant (p <0.05). In addition, the prevalence of PCOS
was 11.4%.

Additional file 1: Table S1 showed that serum AMH
level decreased with the increase of age both in fertile
group and infertile group, while there were no significant
differences between these two groups in different age
ranges.

Additional file 1: Fig. S1A showed that the infertility
rate rose initially and then decreased for every 5 years
added to women’s age. Women aged 35-39 years had
the highest infertility rate. When the participants were
grouped by age of marriage, the infertility rate increased
as the age of marriage increases. Additional file 1: Fig.
S2B showed that among all participants the contracep-
tive prevalence rate was high at all ages, and the rate of
women who still hope to conceive decreases as they get
older.

Prevalence of infertility

The prevalence of infertility in this study cohort was
24.58%. The prevalence of primary infertility and sec-
ondary infertility was about 6.54% and 18.04%, respec-
tively. Among the infertile women (Table 2), the
difference between primaryand secondary infertility was
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statistically significant by household registry, age, age of
marriage, age of first sexual intercourse, and history of
cervicitis (p<0.05). Among those women who had pri-
mary infertility, more were from agricultural households
than non-agricultural households, while for secondary
infertility women the situation was reversed. And more
secondary infertility women had a history of cervicitis.

Additional file 1: Fig. S2 showed that among infertile
women 61.17% went to hospital seeking medical help
regardless of the outcome after treatment. From data
obtained, the main causes of infertility were fallopian
tube factor (25.22%), ovulation disorders (28.70%), endo-
metriosis (6.09%), male factor (13.91%), and unexplained
factors (23.48%).

Factors associated with infertility
Table 3 showed the odds ratio (OR) and 95% confidence
interval.

(CI) for the factors associated with infertility in logistic
multivariate regression analyses. Unsurprisingly, infertil-
ity was associated with age as shown in logistic regression
analysis. Compared with women aged 20-24 years, the
adjusted OR for women aged 30—-34 years was 5.038 (95%
CI, 1.163-21.83) and the adjusted OR for women aged
35-39 years was 6.862 (95% CI, 1.557-30.248). Gyneco-
logical operative history was associated with infertility
(Adjusted OR, 3.063, 95% CI, 2.145-5.930). Compared
with women who seldom eat sweet food, the adjusted
OR for women who eat sweet food sometimes was 0.517
(95% CI 1.238-23.207), and who eat sweet food often was
0.494 (95% CI 0.294-0.83). In addition, ovarian dysfunc-
tion was associated with infertility (Adjusted OR, 3.835,
95% CI 1.908-7.711).

Further, there were differences among factors associ-
ated with infertility, primary infertility and secondary
infertility. In Table 4, factors associated with primary
infertility were age of marriage (p=0.006), age of first
sexual intercourse (p=0.003), long-term air-condition-
ing environment (p<0.001), decreased ovarian reserve
(p=0.005) and age (p=0.002). In single-factor analysis,
household register (p=0.050), history of gynecological
surgery (p=0.006) and sweet food (p=0.022) might have
association to primary infertility but all of them were
excluded when binary logistic multivariate regression
analyses were carried out. In Table 5, factors associated
with secondary infertility were history of gynecological
surgery (p<0.001), decreased ovarian reserve (p=0.002),
WHR above 0.85 (p=0.043), delivery times (p=0.001)
and ages (p<0.001). In single-factor analyses, history of
ectopic gestation (p=0.005) might be associated with
secondary infertility but it was excluded when binary
logistic multivariate regression analyses were carried.
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Table 1 Comparison of characteristics of the difference between fertile and infertile group
Characteristic Fertile Infertile p-value
(n=577) (n=188)
n % n %
Region
Zhengzhou 124 21.5 62 33.0 0.012
Luoyang 144 250 44 234
Xinxiang 161 279 46 24.5
Zhumadian 148 256 36 19.1
Household registry
Non-agricultural 272 471 92 489 0.669
Agricultural 305 529 96 51.1
Nationality
Han nationality 570 98.8 187 99.5 0425
Minority 7 1.2 1 0.5
Occupation
Unemployed 74 12.8 30 16.0 0.541
Head of enterprises and state institutions 79 13.7 29 154
Professional worker 226 392 60 319
Clerk 24 4.2 5 2.7
Service worker 79 13.7 26 13.8
Agricultural and related worker 13 23 7 37
Operator 4 0.7 1 0.5
Other 78 135 30 16.0
Education
Middle school and below 75 13 33 17.6 0.391
High school or technical secondary school 91 15.8 25 133
Junior college degree 130 225 38 20.2
Bachelor's degree and above 281 48.7 92 489
Annual household income (yuan)
<10,000 139 24.1 42 223 0.450
1-20,000 121 21 41 218
2-30,000 101 17.5 32 17.0
3-50,000 127 22 34 18.1
> 50,000 89 154 39 20.7
Age (years)
20-24 33 57 2 1.1 <0.001
25-29 158 274 22 1.7
30-34 187 324 75 399
35-39 95 16.5 54 28.7
40-44 71 12.3 24 128
45-49 33 57 I 59
BMI (kg/m?)
Thin 39 6.8 16 85 0.486
Normal 373 64.6 110 585
Overweight 125 217 48 255
Obese 40 6.9 14 74
WHR
<0.85 348 60.3 126 67.0 0.100
>0.85 229 39.7 62 330
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Table 1 (continued)
Characteristic Fertile Infertile p-value
(n=577) (n=188)
n % n %
Irregular menstruation
No 403 69.8 122 64.9 0.204
Yes 174 302 66 35.1
Dysmenorrhea
No 330 57.2 103 54.8 0.563
Yes 247 428 85 45.2
Age of marriage (years)
<24 303 525 78 41.5 0.041
25-29 255 442 98 52.1
>30 19 33 12 64
Age of first sexual intercourse (years)
<20 78 135 18 9.6 0.197
20-25 382 66.2 123 654
>25 117 203 47 250
PCOS
No 511 88.6 167 88.8 0.920
Yes 66 114 21 1.2
History of gynecological surgery
No 538 932 149 793 <0.001
Yes 39 6.8 39 20.7
Smoking
No 430 74.5 147 782 0.592
No, secondhand smoke 139 24.1 39 20.7
Yes 8 14 2 1.1
Drinking
No 503 87.2 173 92.0 0.072
Yes 74 12.8 15 8.0
Sweet food
Often 124 215 34 18.1 0.006
Sometimes 321 556 89 47.3
Seldom 132 229 65 346
Fried food
Often 91 15.8 20 10.6 0.196
Sometimes 368 63.8 124 66.0
Seldom 118 205 44 234
Work pressure
Alittle 107 18.5 41 218 0.482
Some 215 373 68 36.2
Medium 237 411 70 37.2
Alot 18 3.1 9 4.8
Long-term air-conditioning environment
No 203 352 86 457 0.009
Yes 374 64.8 102 54.3
Renovation within six months
No 469 813 153 814 0.976
Yes 108 18.7 35 18.6
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Table 1 (continued)

Characteristic Fertile Infertile p-value

(n=577) (n=188)
n % n %

DOR
No 561 97.2 164 87.2 <0.001
Yes 16 2.8 24 128

History of colpitis
No 404 70.0 139 739 0.304
Yes 173 30.0 49 26.1

History of cervicitis
No 488 84.6 159 84.6 1.000
Yes 89 154 29 154

History of pelvic inflammation
No 470 815 154 819 0.888
Yes 107 185 34 18.1

History of uterine fibroids
No 564 97.7 179 952 0.071
Yes 13 23 9 4.8

History of endometriosis
No 565 979 179 952 0.048
Yes 12 2.1 9 4.8

History of artificial abortion
No 351 60.8 122 64.9 0319
Yes 226 392 66 35.1

History of medical abortion
No 469 813 161 85.6 0.174
Yes 108 18.7 27 144

History of spontaneous abortion
No 526 91.2 164 87.2 0.116
Yes 51 8.8 24 128

History of ectopic gestation
No 557 96.5 176 93.6 0.083
Yes 20 35 12 64

p-value was based on Person’s Chi-squared test

Discussion

Reports about the prevalence of infertility are rare cur-
rently in Henan Province, a populous province in central
China. This study is the first to investigate prevalence of
infertility among 20—49 year old women in Henan Prov-
ince, China. Infertility rates vary from country to coun-
try, and change all the times. In the United States, the
infertility prevalence rate of women aged 15-44 years in
2002 was 15.5% (95% CI, 8.6-27.5%) [25]. In Canada, the
infertility rate ranged from 11.5% (95% CI, 10.2-12.9) to
15.7% (95% CI, 14.2—17.4) in 2009 [26]. In Britain, during
2010-2012 the prevalence of infertility in women aged
16-74 years was 12.5% (95% CI, 11.7-13.3) [27]. While in
Turkey, the infertility rate decreased from 12.0% to 8.6%

in the 1993-2003 period [28]. The prevalence of infer-
tility was 17.3% in an urban area of Iran [29] and 14.2%
in tribal communities of Central India [30]. A cross-sec-
tional study showed that estimated percentage of infertil-
ity was 31.1% in Nigeria [31].The infertility rates in China
were increasing year by year in general [8—14]. China is a
developing country with a vast territory and a large pop-
ulation. The infertility rates will be different in different
provinces of China. In this study, we conducted a prelim-
inary analysis based on the general population in Henan
Province, China. A self-reported questionnaire was used,
which was been found to be a useful measure for quan-
tifying fertility problems experienced in the community
[32]. Questionnaire can reduce survey costs and increase
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Table 2 Comparison of characteristics of primary and secondary
infertile groups

Characteristic Primary Secondary p-value
infertility infertility
(n=50) (n=138)
n % n %
Household registry
Non-agricultural 17 340 75 543 0014
Agricultural 33 66.0 63 45.7
Age (years)
20-24 2 4.0 0 0.0 <0.001
25-29 16 320 [§ 44
30-34 21 42.0 54 39.1
35-39 9 18.0 45 326
40-44 2 4.0 22 159
45-49 0 0.0 M 8.0
Age of marriage (years)
<24 15 30.0 63 457 0.014
25-29 28 56.0 66 50.7
>30 7 14.0 5 36
Age of first sexual intercourse (years)
<20 4 8.0 14 10.1 <0.001
20-25 23 46.0 100 72.5
>25 23 46.0 24 174
History of cervicitis
Yes 3 6.0 26 18.8 0.031
No 47 94.0 112 81.2

p-value was based on Person’s Chi-squared test

survey efficiency, but it can also cause recall bias. We
designed a series of questions to determine infertility and
specifically to minimize recall bias.

The crude prevalence of infertility in this study
cohort was 24.58%, which was close to the infertil-
ity rate of 25.0% among women attempting to become
pregnant, but had increased when compared to the
prevalence of infertility among women overall during
2010-2011 in China [10]. The prevalence of second-
ary infertility (18.04%) was higher than the prevalence
of primary infertility (6.54%). This might be due to the
fact that older generation in Henan Province got mar-
ried and gave birth to their first child early because
of the traditional family view. We also found that the
prevalence of PCOS (11.4%) was higher than the rate
(5.6%) of a Chinese national study in 2013 [33] but
was similar to the rate (11.2%) of Chengdu Province,
China [34]. PCOS is a common endocrine disorder of
women and about two-thirds of them will not ovulate
regularly [35]. But there was no difference of PCOS
rate between fertile and infertile group. Further stud-
ies need to focus on population with PCOS if we want
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to know more about the association between infertility
and PCOS. AMH is one of markers for ovarian reserve
[36]. AMH, produced by granulosa cells of small ovar-
ian follicles, decreases with increasing age [37], and our
results were observed as expected. However, a global
reference range standard for AMH has not been estab-
lished yet. The reference ranges (5-95th percentiles)
for AMH in Chinese women based on a large popula-
tion study were 2.06-12.66, 1.77-13.83, 1.48-11.45,
0.87-9.76, 0.56-9.49, and 0.08-5.70 ng/ml for the age
20-24, 25-29, 30-32, 33-36, 37-39, and 40-54 groups,
respectively [38].

The occurrence of infertility is related to various fac-
tors. In this study, multivariable logistic regression anal-
yses showed that age, history of gynecological surgery,
eating sweet food, and ovarian dysfunction were associ-
ated with infertility. Further analyses demonstrated that
age of marriage, age of first sexual intercourse, long-term
air-conditioning, decreased ovarian reserve and age were
associated with primary infertility and history of gyneco-
logical surgery, decreased ovarian reserve, WHR above
0.85, delivery times and age were associated with second-
ary infertility. It is universally acknowledged that fertility
declines as age grows, and research reported that fertility
starts declining approximately at age 32 years and rapidly
declines after age 37 years [39]. In this study, age has cor-
relation with infertility obviously. One possible reason
why the prevalence of infertility did not increase with
age was that the desire of pregnancy decreased and the
rate of protected sexual intercourse was high in women
aged 40-49 years, so some potential infertile women
aged 40-49 years were ignored according to our decision
process. However, it seems that correlations between age
with primary infertility and age with secondary infertility
were different. It could be explained that young infertile
women were more likely to develop primary infertil-
ity than secondary infertility possibly. Further, age of
marriage and age of first sexual intercourse might have
a more important effect than age on primary infertility.
After adjusted effects of age, the trends could be observed
that women getting married after age 30 years and hav-
ing first sexual intercourse after age 25 years might have
a higher risk of primary infertility. While women aged
30-39 years and 40-49 years were 3.359 (1.827-6.174)
and 2.170 (1.052-4.479) times, respectively, more
likely to develop secondary infertility than women aged
20-29 years.

The diagnosis of DOR was based on information from
questionnaires filled out by participants of this study.
Though recall bias did exist, DOR was still one of risk
factors of infertility, primary infertility and second-
ary infertility according to our results. DOR means that
response of child-bearing women to ovarian stimulation
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Table 3 Logistic multivariate regression analyses of factors associated with infertility
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Characteristic p-value Unadjusted OR (95% Cl) p-value Adjusted OR (95% ClI)
Age (years)
<0.001 <0.001

20-24 Ref Ref

25-29 0.276 2.297(0.515-10.249) 0.587 1.523(0.334-6.942)

30-34 0.011 6.618(1.549-28.274) 0.031 5.038 (1.163-21.830)

35-39 0.003 9.379 (2.165-40.622) 0011 6.862 (1.557-30.248)

40-44 0.025 5.577(1.244-25.007) 0.109 3.49(0.758-16.070)

45-49 0.035 5.500 (1.131-26.756) 0.174 3.096 (0.607-15.798)
History of gynecological surgery

No Ref Ref

Yes <0.001 3611 (2.235-5.832) <0.001 3.063 (1.819-5.159)
Sweet food

0.006 0.003

Seldom Ref Ref

Sometimes 0.003 0.563 (0.386-0.822) 0.002 0.517 (0.342-0.781)

Often 0.017 0.557 (0.344-0.902) 0.008 0.494 (0.294-0.830)
DOR

No Ref Ref

Yes <0.001 5.131 (2.662-9.889) <0.001 3.835(1.908-7.711)
Constant 0.003 0.109

Table 4 Logistic multivariate regression analyses of factors associated with primary infertility

Characteristic p-value Unadjusted OR (95% Cl) p-value Adjusted OR (95% Cl)
Age of marriage (year)
<0.001 0.006
<24 Ref Ref
25-29 0.024 2.102 (1.103-4.005) 0.373 1434 (0.649-3.168)
>30 <0.001 7.117 (2651-19.107) 0.002 6.258 (1.962-19.956)
Age of first sexual intercourse (years)
<0.001 0.003
<20 Ref Ref
20-25 0.867 1.098 (0.371-3.248) 0.648 1.302 (0.42-4.035)
>25 0.018 3.752(1.257-11.201) 0.017 4.696 (1.326-16.635)
Long-term air-conditioning environment
No Ref Ref
Yes 0.007 0.452 (0.253-0.806) <0.001 0.289 (0.152-0.547)
DOR
No Ref Ref
Yes 0.006 3.364 (1.407-8.045) 0.005 3.987 (1.52-10.456)
Age (year)
0.030 0.002
20-29 Ref Ref
30-39 0.268 0.713(0.392-1.298) 0.007 0.395 (0.201-0.779)
40-49 0.009 0.142 (0.003-0.619) 0.003 0.103 (0.023-0.462)

Constant <0.001

0.095
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Table 5 Logistic multivariate regression analyses of factors associated with secondary infertility

Characteristic p-value Unadjusted OR (95% Cl) p-value Adjusted OR (95%Cl)
History of gynecological surgery

No Ref Ref

Yes <0.001 2.937 (1.772-4.870) <0.001 2.695 (1.548-4.695)
DOR

No Ref Ref

Yes <0.001 3690 (1.913-7.114) 0.002 3.145 (1.532-6.455)
WHR

<0.85 Ref Ref

>0.85 0.027 0.637(0.428-0.950) 0.043 0.650 (0.428-0.987)
Delivery times

<0.001 0.001

0 Ref Ref

1 <0.001 3.987 (2.250-7.064) <0.001 3.247 (1.753-6.015)

2 0.019 2.112(1.134-3.936) 0.097 1.772 (0.902-3.484)

3 0.003 4.182 (1.606-10.888) 0.025 3.220(1.160-8.939)
Age (year)

<0.001 <0.001

20-29 Ref Ref

30-39 <0.001 4.175(2.357-7.394) <0.001 3359 (1.827-6.174)

40-49 0.002 2.924(1.481-5.773) 0.036 2.170(1.052-4.479)
Constant <0.001 0.039

or fecundity is reduced when compared with women of
same age [40]. Environmental factors, smoking, chemo-
therapy and radiation may be risk factors of DOR [2, 41],
which are factors that childbearing age women need to
pay attention to.

History of gynecological surgery was another associ-
ated factor for infertility, especially for secondary infer-
tility. One research reported that AMH levels decreased
after surgery on ovaries, which indicated that surgery
might reduce ovarian reserve [42]. Another research
reported that myomectomy, as well as the coexistence
of pelvic infection and pelvic adhesiolysis reduced the
chance of conception among women aged above 30 years
[43]. It was interesting that fertile women seemed to pre-
fer eating sweet food more than infertile women, but it
was excluded when further analyses were done. Further
researches are needed in order to find whether eating
different kinds of sweet food have relevance to infer-
tility. Long-term air-conditioning environment might
become one of protective factors of primary infertility
in our study, whereas the specific correlations need fur-
ther explorations. Besides, WHR above 0.85 always refers
to central obesity among Chinese women, which might
become one of protective factors of secondary infertility
in our study and was seemingly opposite of the view that
abdominal obesity may impair fertility through associ-
ated metabolic disorders [44]. Other study demonstrated

that central adiposity was not associated with fertil-
ity [45]. One possible explanation was that WHR was
just one of parameters for evaluating central obesity or
central adiposity and most of participants had the nor-
mal BMI in this study. Maybe more parameters such as
waist circumference (WC), waist-to height ratio (WHtR)
and A body Shape Index (ABSI) need to be considered
to explore the relationship between central obesity and
infertility. Chinese women with high BMI are uncommon
when compared to women in western countries. In that
case, there was no significant difference between infertile
and fertile groups in BMI. Nonetheless, it could not deny
the adverse effect of obesity on fertility [46, 47]. For obese
infertile women, exercise and weight loss are necessary in
order to improve fertility and outcomes of ART [44—46,
48]. In addition, whether delivery times have relevance to
secondary infertility needs further discussions. The one-
child policy was not strictly enforced in Henan Province,
China. Age, abortion, the way of delivery, and other rel-
evant factors need to be considered when further studies
are carried out.

It has been demonstrated that smoke exposure and
tobacco have a serious impact on mammal reproductive
health [49, 50]. It is possible that the number of women
who smoked was too small to show a relevance.

Among participants, 61.17% infertile women went to
hospital seeking medical help, which was a little higher
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than 56% according to 25 population surveys sam-
pling 172,413 women [7]. This suggests that local public
health departments and medical professionals need to
strengthen the promotion of relevant knowledge to help
women of childbearing age in Henan Province, China,
to protect their fertility and seek medical help in time
when suspected infertility occurs, as well as to enhance
their confidence in ART to treat infertility. Ovulation dis-
orders (28.70%) and fallopian tube factor (25.22%) were
two main causes of infertility, which are factors need to
pay more attention to for women in Henan Province,
China. In short, we advise women of childbearing age to
get married and have children at an appropriate early age.
The risk of primary infertility may increase if women get-
ting married at age above 30 years. A study highlighted
the consequence of postponing parenthood for those
who experienced infertility in their mid to late thirties [3].
Under the China’s three-child policy, the effect of age on
secondary infertility will be more prominent. Meanwhile,
gynecological surgeries need to be considered carefully,
especially surgeries on ovaries and fallopian tubes. Fur-
ther, stay away from possible factors contribute to DOR
such as smoking and radiation and live a healthy life.

Conclusion

In conclusion, among women aged 20—49 years in Henan
Province, China, the prevalence of infertility in 2019
was 24.58%, and the prevalence of secondary infertility
(18.04%) was higher than primary infertility (6.54%). The
rate of infertile women seeking medical help (61.17%)
still had possibility to increase in future by strengthen-
ing the promotion of relevant fertility knowledge and
healthcare awareness. Age, history of gynecological sur-
geries and DOR may increase the risk of infertility, all of
which are factors needed to pay attention to. Encourag-
ing age-appropriate marriage and childbearing, calling
for timely medical examination for suspected infertility,
and advocating a healthy lifestyle are things that local
public health departments and reproductive professions
need to do next.
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