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Abstract

Background: Addressing the association between the perceived physical environment and human fertility is necessary to understand the
impact of the built environment on reproductive health and develop effective interventions to improve human fertility. We assessed the
association between perceived built environment and pregnancy in infertility patients. Methods: We constructed a prospective cohort
study (Pregnancy and Urban Environment, PRUNE) recruiting 778 eligible infertility patients who visited one of the two university-
affiliated infertility centers for infertility treatment between 2019 and 2022. Using a mobile survey, we collected the information of
demographic, clinical characteristics, residential address, perceived proximity to neighborhood green and blue space, and environmental
noise. Adjusted risk ratios (aRR) were calculated for the achievement of pregnancy within three months of survey participation. Results:
In the 728 infertility patients, 445 completed the second round of survey. Median age of women and men was 39 and 40 years, respectively.
Most reported they have green (91%) and blue space (67%) within a 10-min walking distance. A fourth of patients (26%) had an
annoying environmental noise. Probability of pregnancy within three months was higher for those who had green space within walking
distance (aRR = 1.18, 95% confidence interval: 1.06, 1.32). The association with pregnancy was close null for blue space and annoying
environmental noise. The aRR for women and for men was comparable (p for interaction = 0.875). Conclusions: We observed a
positive association between living close to green space and pregnancy. This finding would provide evidence of the potential impact
of built environment on human fecundity in infertility couples. Clinical Trial Registration: This study is registered in the Clinical
Research Information Service (https://cris.nih.go.kr, CRIS number: KCT0003560).
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1. Introduction probability of in vitro fertilization (IVF) pregnancy [4-6],

diminished ovarian reserve [7], and worse semen quality

Infertility constitutes a medical condition affecting ei-
ther the male or female, characterized by the inability to
achieve a pregnancy even after engaging in regular unpro-
tected sexual intercourse for a duration of 12 months or
more [1]. Approximately one in every six individuals of
reproductive age worldwide is estimated to encounter in-
fertility in their lifetime [2]. The prevalence of infertility
diagnosis was 15% in South Korean women who partici-
pated in a community survey [3]. Identifying contributing
factors of infertility is challenging given the complexity of
human conception process. A growing body of evidence in-
dicates the potential impact of the physical environment on
human fertility. Physical environment encompasses expo-
sure to air pollution, noise, and other environmental stres-
sors. Some studies have suggested that exposure to certain
environmental factors may increase the risk of infertility
and prolong time to spontaneous conception. For exam-
ple, exposure to air pollution has been linked to decreased

[8]. Longer distances to fresh water and nighttime environ-
mental noise were associated with reduced semen quality
[9,10].

Physical environment contributes to health and well-
being by determining physical activity and psychologi-
cal functioning of the residents [11]. In most prior stud-
ies on the environmental determinants of reproductive
health, built environment exposure have been estimated
by recorded home address linked to geospatial information
[9,10,12]. Since the perception of the built environment
has the potential to significantly influence the health and
overall well-being of individuals [13], it becomes imper-
ative to investigate the connection between the perceived
physical environment and human fertility. This exploration
is essential for comprehending the intricate relationship be-
tween the built environment and reproductive health. Such
insights will aid in the formulation of targeted interventions
aimed at enhancing human fertility. We were to explore the
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Fig. 1. Participants and their pregnancy of the Pregnancy and Urban Environment (PRUNE) study.

Table 1. List of variables available in the Pregnancy and Urban Environment (PRUNE) study data.

Round Domain

Questionnaires

Baseline survey Demographic and clinical variables

Age, education, presence of siblings, birthweight, occupation, income, under-

lying disease (malignancy, hypertension, diabetes, etc.), history of gynecologic

surgery, vaccination, current medication, parity and gravidity

Environmental exposures

Residential address, occupational exposure, presence of neighborhood

green/blue space, environmental noise, duration of daily use of electronic de-

vice such as cell phone, tablet, and laptop computer, use of sanitary products

Behavioral characteristics
Psychological status

Smoking, alcohol drinking, quality of sleep, physical activity
Depression, self-rated health

Follow-up survey  Clinical variables
Environmental exposures
Behavioral characteristics

Psychological status

Infertility treatment, treatment outcome (clinical pregnancy)
Residential address (when relocated)

Smoking, alcohol drinking, quality of sleep, physical activity
Depression, self-rated health

association between perceived built environment and preg-
nancy within three months in couples who visited two in-
fertility centers.

2. Materials and Methods
2.1 Study Population

The Pregnancy and Urban Environment (PRUNE)
study was a prospective cohort study of infertility patients
who visited one of the two university-affiliated infertility
centers in Seoul and Gyeonggi, South Korea for infertility
treatment between October 2019 and July 2022. This study
included women and men aged 20 and older, heterosexual
couples living together, and provided informed consent to

participate in baseline and follow-up surveys. Those with
known genetic disorders or other severe chronic conditions
affecting reproductive function, visited for gamete donation
cycle, surrogate, and an in vitro fertilization (IVF) cycle us-
ing frozen oocytes or sperm were excluded. We planned
to conduct two rounds of mobile survey for all women and
men participants. First round was the baseline survey. With
online survey questionnaires, we collected information of
residential address and perceived built environment as well
as demographic characteristics, medical history, smoking,
and alcohol drinking at the baseline (Table 1). In the sec-
ond round (follow-up) of survey, every participant was sent
a text message with a link to the sets of follow-up question-
naires within three months of the baseline survey. The par-
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ticipants were recruited at the time of their first visit to the
facility by resident nurses and their physicians. This study
is registered in the Clinical Research Information Service
(CRIS number: KCT0003560).

2.2 Perceived Built Environment

We estimated the perceived built environment by ask-
ing the participants whether they have green space, blue
space, and environmental noise. The questionnaires on the
perceived built environment were developed by the authors.
Our questions about perceived proximity to green and blue
space were “Is there a green space (park or woods) in 10-
min walking distance?” and “Is there a water (lake, creek,
stream and river) in 10-min walking distance?”, respec-
tively. Environmental noise was examined by asking “Do
you feel annoyed by environmental noise (traffic, construc-
tion, flight, neighborhood, and others)?”. Response op-
tions were ‘yes’, ‘no’, and ‘don’t know’ for the question
of green and blue spaces. For environmental noise, partic-
ipants were asked to respond with one of the ‘very much’,
‘pretty much’, ‘not much’, ‘almost never’, ‘not at all’, and
‘don’t know’. We coded the presence of annoying environ-
mental noise when the response to the question was more
than ‘pretty much’.

2.3 Outcome of Pregnancy

We collected the information of infertility treatment
received, treatment outcome (clinical pregnancy), residen-
tial address (when relocated), body weight, smoking, alco-
hol drinking, quality of sleep, physical activity, depression,
and self-rated health since the baseline survey. Because
the responses of other options were less frequent, infertil-
ity treatment was coded as received IVF or not. Those who
achieved clinical pregnancy were identified based on the re-
sponse to the question “Are you in pregnancy (your partner
for men participants)?” which had response options of yes,
no, and don’t know.

2.4 Statistical Analysis

Descriptive statistics were calculated for women and
men participants. Age, body mass index (BMI), current
smoking and alcohol drinking, gonadotoxic treatment, level
of education, and in vitro fertilization cycle since first sur-
vey were used as covariates. Adjusted risk ratios (aRR)
were calculated for achievement of pregnancy within three
months of survey participation. The risk estimates were
stratified by sex, and multiplicative interaction in the asso-
ciation between perception of built environment and preg-
nancy by sex was assessed. Due to the high missing rate
of follow-up survey (39.3%), we conducted analysis with
inverse probability-of-censoring weighted techniques [14].
All analyses were done with R version 4.0.5 (The R Foun-
dation for Statistical Computing, Vienna, Austria).
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Table 2. Baseline characteristics of women and men
participants of the follow-up survey, the Pregnancy and
Urban Environment (PRUNE) study.

Women (n=299) Men (n= 146)

Variables
Frequency (%)  Frequency (%)
Age (years)
25-34 53 (18) 16 (11)
35-36 132 (44) 56 (39)
37-39 86 (29) 51 (35)
>40 28 (9) 21(14)
Missing 0(0) 2(1)
Education
High school or lower 23 (8) 9(6)
College or university 224 (75) 103 (71)
Graduate school 51(17) 31(21)
Missing 1(0) 312
Current smoking 6(2) 26 (18)
Current alcohol drinking 215(72) 127 (87)
History of treatment That can 62) 503)
reduce gonadal function®
BMI (kg/m?)
<18.5 21(7) 0(0)
18.5-25 222 (74) 56 (38)
>25 55(18) 87 (60)
Missing 1(<1) 3(2)
IVF after the baseline survey 133 (44) 68 (47)

BMI, body mass index; IVF, in vitro fertilization. “Includes total
or partial gonadectomy, cytotoxic chemotherapy, and radiotherapy

involving pelvic region.

3. Results

During the study period, a total of 778 responses from
eligible infertility patients were collected from the two in-
fertility clinics (Fig. 1). Excluding duplication and incom-
plete responses, responses from 728 patients were collected
at the baseline survey. The type of treatment and its out-
come (clinical pregnancy) were prospectively examined us-
ing the online survey within three months of the first survey.
In the follow-up survey, 442 (follow-up rate of 60.7%) pa-
tients participated.

For the 445 participants of follow-up of survey, me-
dian age of women and men was 39 and 40 years, respec-
tively. Most participants were aged 35 years or older and
were college graduates (Table 2). While 74% of women
showed normal bodyweight, 60% of men were overweight.
Current smokers were 2% of women and 18% of men par-
ticipants. Alcohol drinking was prevalent in both women
(72%) and men (87%). Prevalence of past treatment that
can reduce gonadal function were similar between women
(2%) and men (3%). Almost half of participants received
IVF treatment between the baseline and follow-up surveys.

Majority of participants (90% for women and 91% of
men) reported they have green space in 10-min walking dis-
tance at the baseline survey (Table 3). Having blue space
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Table 3. Perceived built environment in 445 women and men participants of the Pregnancy and Urban Environment (PRUNE)

study.
. . Total Women Men
Component of built environment
Frequency (%)  Frequency (%)  Frequency (%)
Green space in 10-min walking distance 394 (91) 263 (90) 131 (91)
Blue space in 10-min walking distance 289 (67) 193 (66) 96 (67)
Annoying noise - neighborhood 112 (26) 70 (23) 42 (29)

was reported in 66% of women and 67% of men. Almost
one in four participants responded they have annoying en-
vironmental noise at the living place. At the follow-up sur-
vey, 29% (127/445) of participants reported they achieved
pregnancy after the baseline survey. When adjusted for in-
dividual demographic and clinical variables, probability of
pregnancy within three months was higher for those who
had green space within walking distance (aRR =1.18, 95%
confidence interval (CI): 1.06, 1.32; Fig. 2). The asso-
ciation with pregnancy was close null for blue space and
annoying environmental noise. The aRR for women and
for men was not statistically different (p for interaction =
0.875).
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Fig. 2. Adjusted risk ratio of pregnancy within 3 months for
the exposure to three built environments features among to-
tal, women, and men participants of the Pregnancy and Urban
Environment (PRUNE) study.

4. Discussion

This study assessed the association between perceived
physical components of environment and achievement of
pregnancy in a sample of infertility patients mostly living in
an urban area. We observed a positive association between
perceived proximity to green space and probability of preg-
nancy. This association was not different between women
and men patients. We present the profile of our prospective
cohort of infertility patients and add empirical evidence of
the potential impact of perceived built environment on the
reproductive health.

The mechanism of this positive association between
perceived built environment features such as proximity to
green and blue space, and noise around home on the human
fecundity is not clear. The benefit of living in restorative
environment can be postulated to be both physiological and
psychological. Physiologically, the reduction of harms of
air pollution by green space might have improved fertility.
Although there is no universal definition of “green spaces”
due to cultural and disciplinary differences [15], most types
of neighborhood green space are known to reduce the im-
pact of air pollution [16,17] which is associated with de-
creased fertility and reduced probability of successful con-
ception [18,19]. For psychological aspect, prior studies in-
dicated mental health was positively associated with more
perceived access to greenspaces and negatively associated
with noise annoyance [13,20]. Given the close association
between psychological well-being and success of concep-
tion, satisfaction with neighboring built environment might
have led to better result of infertility treatment [21]. Our
null finding of the association between environmental noise
and pregnancy may be due to the generally lower exposure
to annoying environmental noise.

Our study needs to be interpreted with caution due
to several limitations. The study population may not be
representative for general population. Given infertility pa-
tients represent a vulnerable population, the potential im-
pact of perceived built environment on fertility would have
been stronger than general population. In addition, given
the infertility patients are more likely to be older than gen-
eral couples, our finding may not reflect the association
in younger people. The finding of this study can be valid
for the infertile patients living in urban area of South Ko-
rea and would need to be confirmed with future research
on the general population. Second, potential bias could
arise from remaining confounding factors, encompassing
lifestyle habits, mental health, and workplace environment,
wherein a subset of participants may have predominantly
spent their daytime. Because we did not assess the per-
ception of workplace environment, our analysis was re-
stricted to the perception of living place. Third, there can
be misclassification when we assess the perceived proxim-
ity to green or blue space and environmental noise based
on three simple questions. Since the exposure to environ-
mental noise is intermittent, a singular assessment of the
bothersome noise would require an evaluation of its relia-
bility. The positive response to these questions might have
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reflected the positive attitude in general of the participants.
However, given the different result across the exposures,
we believe the responses can detect their perception of spe-
cific environmental features.

5. Conclusion

Perception of living close to green space was associ-
ated with higher probability of conception in a sample of in-
fertile patients. This highlights the need for more research
to confirm a positive impact of restorative built environ-
ment on human fertility.
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