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Background: There is growing interest in the potential impact of the physical environment on 25 

human fertility. This study aimed to explore the association between built environment and 26 

semen parameters among men who sought fertility evaluation. 27 

Methods: This is a cross-sectional study involving 5,886 men living in the Seoul Capital Area 28 

whose semen was tested at a single fertility center during 2016–2018. Environmental 29 

exposures evaluated were distance to fresh water (river and lake), the coast, major 30 

roadways, and neighborhood greenness measured by Normalized Difference Vegetation 31 

Index (NDVI). Outcome indicators were semen volume, sperm concentration, percentage of 32 

progressive motility, vitality, normal morphology, and total motile sperm count. We used 33 

linear regression to model standardized values of six semen quality indicators.  34 

Results: Majority of the study population (mean age 39 years) were white-collar workers, 35 

clerks, and service workers. None of the mean values of semen quality indicators showed 36 

linear trends across quartiles of built environment components. Linear associations between 37 

built environment features and semen quality indicators were not evident except for NDVI 38 

within 500 m and sperm vitality (β = 0.05 per 0.1-increase; 95% confidence interval (CI): 39 

0.01, 0.09). The 2nd quartile of distance to fresh water was associated with lower progressive 40 

motility compared to the 1st quartile (β = −0.10; 95% CI: −0.17, −0.03). Proportion of vitality 41 

was higher among men in the 2nd quartile of distance to roadways than those in the 1st 42 

quartile (0.08; 95% CI: 0.01, 0.15). Men in the 2nd quartile of NDVI showed higher total motile 43 

sperm count than those in the 1st quartile (0.09; 95% CI: 0.01, 0.17). In multi-exposure model, 44 

the positive association between NDVI and vitality remained (0.03, 95% CI: 0.00, 0.06). 45 

Conclusions: This study contributes potential evidence regarding the impact of built 46 

environment on male fertility; specifically, a positive association between residential 47 

greenness and percentage of sperm vitality among Korean men with a history of infertility.   48 

Keywords: Semen, Sperm, Built environment, Greenness, Infertility 49 
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Background 50 

Growing evidence suggests potential impacts of the outdoor environment on human 51 

health. It has been suggested that components of built and the natural environment may 52 

influence levels of psychological stress, physical activity, and social relationships; and 53 

thereby, potentially improve or worsen human health and wellbeing [1-3]. For example, 54 

neighborhood green space has been associated with many beneficial health effects, 55 

including reduced all-cause and cardiovascular mortality and improved mental health, 56 

possibly mediated by less air pollution, heat and stress, and increased physical activity and 57 

social contacts [4].   58 

Male reproductive function is highly sensitive to various physical agents generated 59 

by industrial activities [5, 6]. In addition, semen quality itself reflects general health condition, 60 

since it is affected during the early stage of medical disorders [7, 8]. Therefore, assessing 61 

the relationship between residential environment and semen quality would expand our 62 

understanding of the potential role of environmental factors in human reproductive health. 63 

Prior studies found that exposure to ubiquitous chemicals including endocrine disruptive 64 

chemicals and air pollutants is associated with reduced semen quality [9-11]. Given the 65 

association of physical environment with human fertility, male reproductive potential 66 

represented by semen quality may be associated with features of the built environment. In 67 

this study, we aimed to assess the association between the residential built environment and 68 

six parameters indicative of semen quality among men with a history of infertility. 69 

 70 

Methods 71 

Study data 72 

This study was a cross-sectional study conducted among men who undertook semen 73 

tests between January 2016 and September 2018 at the CHA fertility center, Seoul Station 74 



5 

 

— the largest single fertility center in the Republic of Korea. Semen tests were conducted as 75 

an initial evaluation in all couples who visited the center for a diagnostic purpose. Eligibility 76 

criteria include being aged 20‒69 years. We restricted our analysis to those living in the 77 

Seoul Capital Area, which consists of the metropolitan area of Seoul, Incheon, and Gyeonggi 78 

Provinces where the traveling time to the Seoul clinic is within one hour. Excluding those 79 

diagnosed with varicocele, azoospermia, cryptorchidism, and a known chromosomal 80 

abnormality, we obtained semen analysis results of a total of 5,886 Korean men. We 81 

included only the first examination result of each patient to minimize the possible impact of 82 

medical intervention. Information on body mass index (BMI), occupation, and smoking was 83 

retrieved from their medical records. These analyses are based on retrospective chart 84 

reviews and thus the consent requirement was waived. This study is approved by the 85 

institutional review board of Gangnam CHA Hospital (approval No: GCI-18-48).  86 

 87 

Measurement of built environment 88 

The Korean peninsula is mainly mountainous along its east coast, most of its river water 89 

flows west, and highly populated towns are located mostly in the north-west region. Four 90 

built environment components commonly used in prior studies were measured: distance to 91 

fresh water, distance to the coast, distance to major roadways, and Normalized Difference 92 

Vegetation Index (NDVI) [12-15]. We used distance to the nearest major roadway since it is 93 

often used as a proxy for long-term residential levels of air and/or noise pollution due to 94 

traffic [16]. Distance to the nearest fresh water body, coast, and the average NDVI within a 95 

500 m circular buffer were assessed as indicators of neighborhood restorative environment 96 

(Supplementary Fig. 1), as in previous studies [15, 17]. The distance from the geocoded 97 

address to the environmental variables was calculated using Arcmap’s Spatial Join analytical 98 

tool, which analyzes the spatial relationship between two geographical features. We defined 99 

the distance between any two features as the shortest separation between them, such that 100 
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the two features are closest to each other. Euclidean distance to environmental features was 101 

calculated up to the boundary of a polygon, not to the center or centroid. For geospatial 102 

analyses, we used ArcGIS Desktop v. 10.5 (ESRI, Redlands, CA).  103 

River and lake data were integrated into data on fresh water. Both data sets were 104 

retrieved from the National Spatial Data Infrastructure (http://www.nsdi.go.kr). River data was 105 

retrieved on January 21, 2016, and lake data on July 5, 2019. Integrated data is a 106 

nationwide polygonal data set consisting of 209,216 inland water bodies. We used coastline 107 

data provided by the National Geographic Information Institute and retrieved via the National 108 

Spatial Data Infrastructure portal (www.nsdi.go.kr). The nationwide polyline dataset was 109 

compiled on July 5, 2019. We calculated the distance perpendicular to the closest coastline 110 

from a geocoded point. 111 

Data on major roads were obtained from national standard node links provided by the 112 

Korean Transport Database (KTDB) of the Korea Transport Institute (http://www.ktdb.go.kr). 113 

The original road data set was compiled on September 20, 2019, and was classified into 114 

nine categories: national highways, metropolitan city highways, general national roads, 115 

metropolitan city roads, government-financed provincial roads, provincial roads, district 116 

roads, highway link lamps, and other roads. In this study, we defined major roads as national 117 

highways, metropolitan city highways, metropolitan city roads, highway link lamps, and roads 118 

more than six lanes wide in other classes. 119 

For data on NDVI, we used Landsat 7 satellite data provided by the United States 120 

Geological Survey (USGS) (https://earthexplorer.usgs.gov/). We assessed NDVI over the 121 

entire satellite image of the Korean peninsula from a combination of 13 Landsat satellite 122 

images taken over June, September, and October 2017 for cloud-free observation. The 123 

reasons for combining satellite image data for the above three months are as follows: 1) 124 

Since the revisit time of Landsat 7 is 16 days, it takes at least three visits and a month and a 125 

half to cover the entire Korean peninsula; and 2) In order to improve the accuracy of the 126 
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NDVI value, only satellite images with less than 10% of the area obscured by clouds during 127 

this period were extracted.  128 

 129 

Semen collection and assessment  130 

Semen analysis was done as described in a previous study [18]. In brief, patients were 131 

asked to produce semen samples in the andrology laboratory by masturbating into a sterile 132 

plastic cup after 3 to 5 days of sexual abstinence. The semen specimen was left for 30 133 

minutes at room temperature (22°C–24°C) for liquefaction. General semen quality 134 

parameters were assessed based on the 2010 World Health Organization (WHO) criteria 135 

[19]. Sperm morphology was analyzed after centrifugation of semen with a resuspended pellet 136 

dyed with Diff-Quik fixative solution. The fixed specimen was then immersed in oil dropped on a 137 

microscope slide and observed using x1000 polarized microscopy. We assessed six continuous 138 

indicators (volume, sperm concentration, percentage (%) of progressive motility, vitality, 139 

normal morphology, and total motile sperm count) obtained via semen analysis. Total motile 140 

sperm count is defined as the number of moving sperm in the entire ejaculate, and is 141 

calculated by multiplying the volume by the concentration (million/mL) by the motility (%). 142 

 143 

Statistical analyses 144 

Descriptive analyses involved calculation of mean and standard deviations or 145 

frequencies and percentages (%) for demographic characteristics and semen quality 146 

parameters. We conducted multiple imputation by chained equations (MICE) for the missing 147 

covariate data [20], assuming data were missing at random and were conditioned upon the 148 

variables included in the imputation model. This study conducted three main analyses: First, 149 

we explored the pairwise correlation structure between three built environment components 150 

and sperm quality indicators, normalized using z-scores. Second, we tested for 151 
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heterogeneity and linear trends in the mean values of sperm quality indicators across 152 

quartiles of environmental exposures using the Kruskal-Wallis rank sum test and Kendall's 153 

rank correlation test, respectively. Third, after examining the shape of relationships using a 154 

generalized additive model with a spline function and adjustment for potential covariates (R 155 

software ver. 3.6.2), we used linear regression models to estimate the change in mean 156 

values of sperm quality indicators per inter-quartile range (IQR)-increase and for each 157 

quartile of exposure to the built environment (denoted as Q1, Q2, Q3, and Q4). We included 158 

individual characteristics such as age (categorized as 20s, 30s, 40s and 50s), BMI (< 23, 23-159 

24.99, 25-29.99, and ≥30 kg/m2) based on the criteria for Asian populations [21], occupation 160 

(2 groups), current smoking (yes or no), season (Mar-May, Jun-Aug, Sep-Nov, Dec-Feb), 161 

and clustering effect of district (‘Shigungu’, n=68) in a generalized estimating equation to 162 

adjust for potential confounding effects. We additionally explored linear associations 163 

between built environment and six semen quality indicators with a multi-exposure model. A 164 

two-sided p-value of < 0.05 was considered statistically significant. 165 

 166 

Results 167 

The mean age of the study population was 39 years (Table 1). The vast majority 168 

(96%) were white-collar workers, clerks, or service workers. Half of the men (49.3%) were 169 

obese (BMI ≥ 25 kg/m2) and were smokers at the time of examination. Regarding 170 

environmental exposures, the median distance to fresh water, the coast, and a major 171 

roadway was 382.8, 24869.5 and 486.7 m, respectively. The median NDVI was −0.2. The 172 

mean semen volume and concentration were 3.1 mL and 104.3 million/mL, respectively. The 173 

proportion of progressive motility and vitality were 45.6% and 62.6%, on average. The mean 174 

percentage of normal morphology was 3.7%. The mean value of the calculated total motile 175 

sperm count was 142.5 million per ejaculate. The pairwise correlation coefficients between 176 
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four components of built environment and six sperm quality indicators were mostly low 177 

(Supplementary Fig. 2). There was a positive correlation between the proportion of 178 

progressive motility and the proportion of vitality (ρ = 0.74). There were weak correlations 179 

among the four built environment components.180 
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Table 1. Characteristics of 5,886 Korean infertile men  181 

Variables Study population 

Age (years) 39.0 ± 4.6 

Body mass index (kg/m2) 

< 23 1454 (24.7%) 

23-24.9 1530 (26.0%) 

25-29.9 2379 (40.4%) 

≥30 523 (8.9%) 

Occupation   

White-collar workers, Clerks, Service workers 5667 (96.3%) 

Others 219 (3.7%) 

Current smoking 3012 (51.2%) 

Season   

Mar-May 1652 (28.1%) 

Jun-Aug 1550 (26.3%) 

Sep-Nov 1169 (19.9%) 

Dec-Feb 1515 (25.7%) 

Environmental exposures 

Distance to fresh water (m) 453.2 ± 304.0 
(Median: 382.8, IQR: 405.1) 

Distance to coast (m) 
24869.5 ± 8210.3  

(Median: 24609.6, IQR: 8948.2) 

Distance to major road (m) 1053.9 ± 1946.8  
(Median: 486.7, IQR: 810.1) 

NDVI 
-0.1 ± 0.1  

(Median: -0.2, IQR: 0.1) 

Sperm parameters 

Volume (mL) 3.1 ± 1.8 

Count (million/mL) 104.3 ± 68.6 

Progressive motility (%) 45.6 ± 13.2 

Vitality (%) 62.6 ± 12.5 

Morphology (%) 3.7 ± 1.8 

Total motile sperm count (million) 142.5 ± 111.0 

NDVI, Normalized Difference Vegetation Index; IQR, interquartile range. Continuous 182 

variables are presented as mean ± standard deviation. Others in occupation includes those 183 

unemployed.  184 
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The mean value of progressive sperm motility was different across quartiles of 185 

distance to fresh water and a major roadway (Supplementary Table 1). Proportion of 186 

progressive motility was highest in those with 1st quartile of distance to fresh water. For 187 

distance to a major roadway, progressive motility was highest in the 2nd quartile and lowest 188 

in the 4th quartile. None of the semen quality parameters showed a linear trend across 189 

quartiles of built environment components. 190 

Linear associations between built environment features and semen quality indicators 191 

were not evident except for NDVI within 500 m (Table 2). An IQR-increase in NDVI (0.1) was 192 

associated with 0.05-increase in z-score of vitality (95% confidence interval (CI): 0.01, 0.09). 193 

In the analyses using quartiles of exposures, living at the maximum distance to fresh water 194 

(i.e., in the 4th quartile) was generally associated with lower semen quality, but this did not 195 

reach statistical significance. The 2nd quartile of distance to fresh water (209.9–382.8m) was 196 

associated with lower percentage of progressive motility compared with the 1st quartile (β = 197 

−0.10, 95% CI: −0.17, −0.03). The proportion of vitality was higher in men in the 2nd quartile 198 

of distance to a major roadway compared with those in the 1st quartile (0.08; 95% CI: 0.01, 199 

0.15). The association between NDVI and sperm vitality was positive when comparing the 4th 200 

(−0.08–0.35) versus 1st quartile (−0.34 – −0.20). Men in the 2nd quartile of NDVI had a higher 201 

total motile sperm count than those in the 1st quartile (0.09; 95% CI: 0.01, 0.17). The 202 

association between NDVI and the z-score for sperm vitality had the form of a cubic (S-203 

shaped) pattern (Supplementary Fig. 3). None of the semen quality indicators was 204 

associated with distance to the coast. In the multi-exposure model, linear associations 205 

between built environment features and semen quality indicators were not evident except for 206 

that between NDVI and vitality (0.03; 95% CI: 0.00, 0.06; Figure 1). 207 
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Table 2. Association between six semen quality parameters and four built environment components in single exposure models among 5,886 

Korean infertile men  

  Semen volume Sperm 
concentration 

% of progressive 
motility 

% of vitality % of morphology Total motile sperm 
count 

Distance to fresh water 

Per IQR increase -0.01 (-0.04, 0.03) 0.00 (-0.04, 0.03) 0.01 (-0.03, 0.04) 0.02 (-0.01, 0.06) 0.00 (-0.04, 0.03) 0.00 (-0.04, 0.03) 

Quartiles of distance 

Q1 0.00 (reference) 0.00 (reference) 0.00 (reference) 0.00 (reference) 0.00 (reference) 0.00 (reference) 

Q2 -0.01 (-0.09, 0.06) -0.03 (-0.10, 0.04) -0.10 (-0.17, -0.03) -0.02 (-0.09, 0.05) -0.02 (-0.09, 0.05) -0.06 (-0.13, 0.02) 

Q3 -0.03 (-0.11, 0.04) 0.01 (-0.06, 0.08) -0.07 (-0.14, 0.00) 0.00 (-0.07, 0.07) 0.00 (-0.07, 0.07) -0.04 (-0.11, 0.03) 

Q4 -0.01 (-0.09, 0.06) -0.03 (-0.10, 0.04) -0.03 (-0.10, 0.04) 0.02 (-0.06, 0.09) -0.03 (-0.10, 0.04) -0.03 (-0.11, 0.04) 

Distance to coast       

Per IQR increase 0.01 (-0.02, 0.04) 0.00 (-0.03, 0.03) -0.01 (-0.04, 0.02) -0.02 (-0.04, 0.01) 0.00 (-0.03, 0.03) 0.00 (-0.03, 0.03) 

Quartiles of distance 

Q1 0.00 (reference) 0.00 (reference) 0.00 (reference) 0.00 (reference) 0.00 (reference) 0.00 (reference) 

Q2 -0.04 (-0.12, 0.03) 0.03 (-0.05, 0.10) -0.05 (-0.12, 0.03) -0.02 (-0.10, 0.05) 0.01 (-0.06, 0.09) -0.02 (-0.09, 0.06) 

Q3 -0.02 (-0.10, 0.06) 0.04 (-0.04, 0.11) 0.00 (-0.08, 0.07) -0.02 (-0.09, 0.06) 0.03 (-0.05, 0.10) 0.01 (-0.06, 0.09) 

Q4 0.01 (-0.07, 0.09) 0.04 (-0.04, 0.11) -0.01 (-0.09, 0.06) -0.04 (-0.11, 0.04) 0.01 (-0.06, 0.09) 0.04 (-0.04, 0.11) 

Distance to major road 

Per IQR increase -0.01 (-0.03, 0.01) 0.01 (-0.01, 0.03) 0.00 (-0.02, 0.02) 0.00 (-0.02, 0.02) 0.00 (-0.02, 0.02) 0.00 (-0.02, 0.02) 

Quartiles of distance 

Q1 0.00 (reference) 0.00 (reference) 0.00 (reference) 0.00 (reference) 0.00 (reference) 0.00 (reference) 
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Q2 -0.04 (-0.11, 0.04) -0.03 (0.04, -0.1) 0.04 (-0.03, 0.11) 0.08 (0.01, 0.15) 0.06 (-0.02, 0.13) -0.03 (-0.11, 0.04) 

Q3 -0.02 (-0.1, 0.05) -0.04 (0.03, -0.12) 0.00 (-0.07, 0.07) 0.02 (-0.05, 0.09) 0.04 (-0.03, 0.11) -0.04 (-0.12, 0.03) 

Q4 -0.01 (-0.11, 0.1) -0.03 (0.07, -0.13) -0.08 (-0.18, 0.02) -0.01 (-0.11, 0.09) 0.05 (-0.05, 0.15) -0.07 (-0.18, 0.03) 

NDVI within 500m       

Per IQR increase 0.00 (-0.04, 0.04) 0.01 (-0.03, 0.05) 0.02 (-0.02, 0.06) 0.05 (0.01, 0.09) -0.02 (-0.06, 0.02) 0.00 (-0.04, 0.04) 

Quartiles of NDVI       

Q1 0.00 (reference) 0.00 (reference) 0.00 (reference) 0.00 (reference) 0.00 (reference) 0.00 (reference) 

Q2 0.03 (-0.05, 0.10) 0.04 (-0.03, 0.11) 0.06 (-0.01, 0.13) 0.06 (-0.01, 0.13) -0.04 (-0.11, 0.03) 0.10 (0.03, 0.17) 

Q3 0.00 (-0.08, 0.07) 0.00 (-0.07, 0.07) 0.03 (-0.04, 0.10) 0.05 (-0.02, 0.12) -0.01 (-0.08, 0.06) 0.05 (-0.02, 0.13) 

Q4 0.03 (-0.06, 0.12) -0.04 (-0.12, 0.04) 0.05 (-0.03, 0.14) 0.09 (0.01, 0.17) -0.03 (-0.11, 0.05) 0.05 (-0.03, 0.14) 

IQR, interquartile range; NDVI, Normalized Difference Vegetation Index. Coefficients are calculated for standardized semen parameters (z-

scores). Single exposure linear regression models included age, body mass index, occupation, smoking, season of semen test, and 

administrative district of home address. Results with P value <0.05 were bolded. 
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Figure 1. Association between six standardized semen parameters (z-scores) and built environment components in a multi-exposure model 

among 5,886 Korean infertile men.  

NDVI, Normalized Difference Vegetation Index. All coefficients are per interquartile range-increase of built environment components. 

Coefficients are calculated using a multivariable linear regression model including four built environmental components, age, body mass 

index, occupation, smoking, season of semen test, and administrative district of home address.
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Discussion 206 

We did not find a consistent association between built environment and semen quality among men with a history of infertility. In 207 

single- and multi-exposure model, we observed that a higher value for NDVI within 500 m was positively associated with percentage of 208 

sperm vitality. The observed associations between environmental components and semen quality indicators were generally non-linear. For 209 

example, distance to fresh water was associated with lower percentage of progressive motility upon comparison of the first two quartiles. The 210 

2nd quartile of NDVI was associated with higher total motile sperm count compared to the 1st quartile. To the best of our knowledge, this is the 211 

first report to assess the association between land use and semen quality using large hospital-based data.  212 

 Several components of physical environment have been known to be associated with male infertility. Heat exposure and extreme 213 

ambient temperature is associated with lower semen quality [12, 22]. Exposure to environmental noise is expected to be high when living 214 

close to a major road, and is associated with higher risk of subfecundity [23] or male infertility [24]. Air pollution is also reported to be related 215 

to semen abnormality [10, 25]. Although the strength of association with exposures is heterogenous across different semen indicators, the 216 

results of this study suggest a potential impact of the neighborhood’s physical environment.   217 

Our study found a heterogenous association between the built environment and semen quality across different exposures and 218 

semen indicators. There is limited knowledge regarding how each component of semen quality indicators is affected by different 219 

environmental exposures. Several studies have demonstrated increased sperm motility in physically active men [26, 27]. Although our study 220 

did not detect a dose-response relationship, some of our results suggest the existence of a negative association of proximity to fresh water 221 



16 

 

with sperm motility and a positive association of remoteness to roadway and NDVI with vitality.   222 

The results of this study need to be interpreted with caution. First, as a single fertility center study, our study population was mostly 223 

restricted to white collar workers living in an urban area. Second, misclassification of exposure may have potentially occurred due to the use 224 

of residential address for exposure assessment, or due to the distance between the home address and the workplace, where patients may 225 

have spent a substantial amount of time. However, assuming that the misclassification was non-differential, it may have biased our results 226 

towards the null [28]. We believe our study may still have important implications due to the use of hospital data belonging to a large infertile 227 

population who is expected to be particularly vulnerable to environmental exposure.    228 

 229 

Conclusions 230 

We did not find a consistent association between the built environment and different measures of semen quality among men with a 231 

history of infertility, although some features of neighborhood land use may be associated with semen quality, highlighting the potential impact 232 

of the built environment on human fertility. Further studies in different populations are required to add to the evidence on the impact of built 233 

environment on human reproduction and health. 234 

  235 
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Supplementary Fig. 1. Distribution of residential address of male participants, (A) with inland fresh water and NDVI and (B) with major 342 

roadway in Seoul Capital Area  343 

A. Inland fresh water and NDVI B. Network of major roadway 

 
 

 344 
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Supplementary Fig. 2. Pairwise correlation structure between four components of built environment and six sperm quality indicators345 

 346 
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Supplementary Table 1. Mean value of semen quality indicators in each quartile of distance to fresh water, coast, and road with NDVI among 347 

5,886 Korean infertile men 348 

Semen indicators 
Distance to fresh water 

Q1 (0―209.9m) Q2 (209.9―382.8m) Q3 (382.8―615.0m) Q4 (615.0―1984.1m) Ph Pt 

Volume (mL) 3.1 ± 2.1 3.1 ± 1.8 3.0 ± 1.9 3.1 ± 1.6 0.828 0.698 

Count (million/mL) 104.2 ± 71.2 102.9 ± 64.9 106.1 ± 72.1  103.9 ± 65.9 0.717 0.632 

Progressive motility (%) 46.1 ± 12.9 44.8 ± 13.3 45.5 ± 13.4 45.9 ± 13.1 0.025 0.880 

Vitality (%) 62.5 ± 12.7  62.3 ± 12.8 62.5 ± 12.4  63.0 ± 12.3 0.63 0.355 

Morphology (%) 3.7 ± 1.8 3.7 ± 1.9 3.7 ± 1.8 3.7 ± 1.8 0.907 0.947 

Total motile sperm count 

(million) 
144.9 ± 120.8  139.7 ± 107.2 141.6 ± 106.4  143.9 ± 109.2 0.682 0.733 

 

Distance to coast 

Q1 (63.0-

19837.4m) 
Q2 (19837.4-24609.6m) 

Q3 (24609.6-

28785.6m) 

Q4 (28785.6-

79100.3m) 
Ph Pt 

Volume (mL) 3.1 ± 2 3 ± 2.4 3.1 ± 1.5 3.1 ± 1.5 0.099 0.280 

Count (million/mL) 102.3 ± 65.9 104.1 ± 65.9 105.3 ± 67.3 105.7 ± 71.8 0.664 0.301 
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Progressive motility (%) 45.8 ± 13.4 45.2 ± 12.8 46.0 ± 12.7 45.5 ± 13.4 0.344 0.937 

Vitality (%) 62.9 ± 12.5 62.6 ± 12.5 62.7 ± 12 62.2 ± 12.9 0.746 0.272 

Morphology (%) 3.6 ± 1.8 3.7 ± 1.8 3.7 ± 1.8 3.7 ± 1.8 0.637 0.383 

Total motile sperm count 

(million) 
143.3 ± 111.2 141.3 ± 123.2 145.2 ± 109 146.4 ± 110.2 0.268 0.214 

  

Distance to major roadway 

Q1 (5.1―184.8m) Q2 (184.8―495.7m) Q3 (495.7―1295.9m) 
Q4 

(1295.9―58607.8m) 
Ph Pt 

Volume (mL) 3.1 ± 2.1 3.1 ± 1.9 3.1 ± 1.5  3.1 ± 1.8 0.907 0.537 

Count (million/mL) 104.9 ± 68.2 104.7 ± 67.1   103.7 ± 68.9 103.8 ± 70.1 0.677 0.334 

Progressive motility (%) 45.4 ± 13.5  46.2 ± 12.7 45.8 ± 13.2 44.9 ± 13.3 0.033 0.510 

Vitality (%) 62.2 ± 12.8 63.1 ± 12.4 62.6 ± 12.4 62.5 ± 12.5  0.263 0.298 

Morphology (%) 3.7 ± 1.8 3.7 ± 1.9  3.7 ± 1.8 3.6 ± 1.9 0.374 0.767 

Total motile sperm count 

(million) 
142.9 ± 119.8 144.9 ± 109.3 143.0 ± 109.7 139.3 ± 104.7 0.420 0.602 

  NDVI within 500m 
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Q1 (-0.34― -0.20) Q2 (-0.20― -0.15) Q3 (-0.15― -0.08) Q4 (-0.08―0.35) Ph Pt 

Volume (mL) 3.06 ± 1.88  3.11 ± 2.28 3.07 ± 1.51 3.05 ± 1.54 0.955 0.974 

Count (million/mL) 104.26 ± 66.35 106.35 ± 69.78 104.15 ± 70.1 102.28 ± 68.04  0.233 0.113 

Progressive motility (%) 45.35 ± 13.04  45.91 ± 13.08 45.4 ± 13.41  45.61 ± 13.21 0.458 0.722 

Vitality (%) 62.13 ± 12.42  62.81 ± 12.43  62.54 ± 12.77 62.81 ± 12.5 0.165 0.118 

Morphology (%) 3.74 ± 1.82 3.64 ± 1.8  3.73 ± 1.87 3.6 ± 1.83 0.070 0.094 

Total motile sperm count 

(million) 
138.86 ± 102.73 148.12 ± 120.87 143.07 ± 113.01 139.93 ± 106.43 0.153 0.595 

Q1, lowest quartile; Q2, second quartile; Q3, third quartile; Q4, fourth quartile; NDVI, Normalized Difference Vegetation Index; Ph, P value for 349 

heterogeneity; Pt, P value for linear trend. Heterogeneity across quartiles was tested using Kruskal-Wallis rank sum test. Trend test was 350 

done with Kendall's rank correlation test. Results with P value < 0.05 were bolded. 351 

 352 

 353 

  354 
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Supplementary Fig 3. Association between NDVI within 500 m and % of sperm vitality in generalized additive model  355 

 356 

 357 



Figures

Figure 1

Association between six standardized semen parameters (z-scores) and built environment components in
a multi-exposure model among 5,886 Korean infertile men. NDVI, Normalized Difference Vegetation
Index. All coe�cients are per interquartile range-increase of built environment components. Coe�cients
are calculated using a multivariable linear regression model including four built environmental
components, age, body mass index, occupation, smoking, season of semen test, and administrative
district of home address.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

FigS1.JPG

FigS2.JPG

FigS3.JPG

https://assets.researchsquare.com/files/rs-93400/v1/e2f60db9203590cc3d873b10.JPG
https://assets.researchsquare.com/files/rs-93400/v1/b25fed1b2e2a9e3202695ede.JPG
https://assets.researchsquare.com/files/rs-93400/v1/6a8aaddaa88ee258589660e1.JPG

