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Introduction:  Environmental stressors are increasingly acknowledged as significant predictors for 

reproductive health and health-related fertility and mortality patterns at a population level. 

Understanding the impacts of different types of stressors—chemical, physical, and psychosocial—on 

the reproductive system is necessary for planning public health programs. This research is concerned 

with the most significant environmental stressors and their impacts on the desired human fertility 

outcomes, primarily the weakening of the functioning of the reproductive system due to exposure to 

pollutants, climate change, and certain lifestyle-related environmental factors. Additionally, 

environmental stressors also affect reproductive health and fertility rates in animal populations, 

highlighting the interconnectedness of human and animal ecosystems. Exposure to similar stressors 

like pollutants, temperature fluctuations, and habitat loss in wildlife can lead to similar reproductive 

declines, demonstrating a need for holistic approaches to environmental and reproductive health. In 

this context, we aim to assist reproductive epidemiologists, environmental researchers, and public 

health practitioners whose focus is on reproductive health preservation.  

Materials and Methods:  An amalgam of epidemiological data, environmental exposures and 

reproductive health surveys pertaining to different regions, is captured in a multi-layered, multi-

regional dataset. Classification of individuals was undertaken depending on the intensity, socio-

demographic, and biological system of the reproductive health exposure. Statistical models of 

association were used to study the impacts of certain environmental stressors, such as endocrine-

disrupting chemicals, air pollutants, excessive heat, and chronic stress, on fertility and various 

reproductive outcomes. Sensitivity analyses were designed to investigate the impacts of multiple 

exposures and to identify the most vulnerable to environmental stressors. 

Results: It was revealed that endocrine disruptors, exposure to air pollution, prolonged heat, and 

psychological stress effects raised the risk of infertility, gamete and pregnancy complications to a 

higher level. The highly affected vulnerable groups include people living in urban and industrial 

centers. The models also pinpointed critical levels in the inversion ecology where a decline of fertility 

was substantially relevant.   

Conclusion: This research showed that environmental stressors heavily influence the reproductive 

health changes and the levels of fecundability in different sections of the human Population. The 

combination of environmental monitoring and reproductive health studies would provide better 

opportunities for early risk detection, structured public health initiatives, and risk mitigation policies 

aimed at reproductive health and environmental protection. 
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Introduction 

The past few decades have seen the growing 

importance of reproductive health and fertility as 

environmental circumstances grow more volatile 

and perilous. Various human populations are 

confronted with a unique array of environmental 

stressors that disrupt the biological mechanisms 

of reproduction and endanger the long-term 

sustainability of a population (Ahmed et al., 

2024; Matkarimov et al., 2025). An ever-

increasing burden of environmental stressors, 

such as chemical contaminants, climate change, 

air pollution, and chronic mental stress of a 

population, is associated with adverse impacts on 

reproductive health. The degree of influence 

these factors have to a population's mental stress 

is seen to vary such communities worldwide. The 

focus of this work is to identify the most 

significant components of these stressors in the 

early stages of a decline in reproduction and to 

devise ways to address the decline (Shaheen, 

2022). 

 

Figure 1: Conceptual Framework of Environmental Stressors and Reproductive Health 

Figure 1 Depicts the four main categories of 

environmental stressors, namely, the chemical, 

the physical, the biological, and the psychosoical. 

The Figure also lists the reproductive health 

outcomes and fertility factors, as well as gamete 

quality and the viability of pregnancies. The 

Figure is an overarching sketch of the study. 

 

Figure 2: Global Distribution of Environmental Stressors Affecting Fertility 

Figure 2 shows the regions of the world that 

are most affected by the major environmental 

stressors of chemical pollutants, the heat, the air 

that is unsafe to breathe, and the psychosocial 

stress. The primary focus of the Figure is the 

unsustainable fertility levels that the regions of 

the world with these major environmental 

stressors are suffering from. The Figure also 
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highlights the unevenly distributed populations 

around the world. 

Stressors in the environment, especially 

endocrine-disrupting chemicals (EDCs), are well 

established to disrupt the hormonal axis, impair 

gametogenesis, and hinder fetal development 

(Dusi, 2024). These chemicals are found within a 

range of industrial by-products, such as in 

plastics, pesticides, and everyday consumer 

goods, and they have the ability to either mimic 

or counteract the effects of naturally occurring 

hormones. This results in substantial adverse 

sequelae, which include the degradation of sperm 

quality, irregularities within menstrual cycles, 

and the amplification of infertility (Caserta et al., 

2011). Alongside EDCs, the loss of additional air 

quality in the form of particulate matter and other 

toxic pollutants has been shown to have a direct 

negative impact on the physiology of 

reproduction, as well as contributing to lower 

rates of reproduction and increased rates of 

miscarriage (Dasgupta, 2000). Ongoing 

industrial development amplifies the extent of 

these stressors, especially in people living in 

overpopulated and/or polluted developed 

nations. 

Stressors on the climate are also amplifying 

the already existing inequalities in reproductive 

health. The interaction of increased global 

temperature, extreme heat events, and changes to 

the environment is impacting gamete viability, 

the hormonal pathways controlling reproduction, 

and the outcome of the pregnancy (Bala et al., 

2021). Heat exposure is known to lower sperm 

counts and decrease the overall fertility of a 

population. In addition, there is a documented 

higher risk of preterm births among populations 

living in areas where there are chronic heat waves 

(Skakkebæk et al., 2022). The interaction 

between reproductive health and climate change, 

which requires input from various disciplines, is 

urgent in order to identify the most at-risk 

populations. Public health systems will then need 

to respond with policies that are able to adapt to 

the situation at hand. 

Besides stressors in the physical environment, 

psychosocial stress also plays a role in 

reproductive outcomes. Prolonged economic 

distress, social instability, and pressure in the 

workplace can trigger the stress-response 

pathways in the body, resulting in hormonal 

disruptions and poor reproductive functioning 

(Skakkebaek et al., 2016). Plenty of studies show 

that women with psychological stress and 

sustained menstrual complaints report 

irregularities in menstruation, ovulatory 

shutdown, and poor reproductive outcomes. In 

the case of men, there are cases of lower levels of 

testosterone and poor sperm parameters (Faust et 

al., 2018). The interaction of psychosocial and 

physical environmental stress also justifies a 

more comprehensive approach in the study of 

reproductive health. 

Environmental stressors almost never 

function in isolation, and their interactions can 

lead to significant combined impacts on the 

reproductive systems. New studies show that the 

joint exposure to EDCs, air pollution, and 

psychosocial stress increases the biological 

exposure and amplifies the complications 

associated with fertility (Barrett, 2006). The 

cumulative risk of fertility complications faces 
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poor people more than others. That is the Group 

that also suffers from more environmental 

exposure and less healthcare access than the 

average person (Molla, 2025). Such a need to 

consider poor people in the scope of 

environmental reproductive health also 

highlights the need to consider Environmental 

Justice. 

In addition to chemical, physical, and 

psychosocial stressors, habitat loss and 

environmental degradation also play a crucial 

role in reproductive health outcomes. 

Fragmented ecosystems and declining 

biodiversity have been shown to disrupt wildlife 

reproductive patterns, while simultaneously 

increasing the risk of zoonotic diseases that can 

further stress human populations (Shaheen, 

2022). As human activity continues to encroach 

upon natural habitats, the proximity between 

wildlife and human populations increases, 

leading to higher exposure to disease vectors and 

environmental pollutants. This highlights the 

interconnectedness of human and wildlife health, 

and underscores the importance of adopting a 

holistic, One Health approach to address the 

combined challenges posed by environmental 

stressors on both human and animal reproductive 

health (Comizzoli & Ottinger, 2021). 

Although there are studies that examine the 

various environments that contribute to the 

changes in the fertility rate, there is still no 

understanding of the various changes in 

differentiating the environmental multi-stressors 

in different populations and locations. The 

reproductive systems in the study are changed in 

response to the environmental systems and 

sustained over a long time, and over multiple 

generations (Molla, 2025). These studies require 

time, sophisticated and integrated tools to capture 

the various environmental systems, and the 

relationships in question. 

Recent environmental changes, 

advancements in geography, spatial reproductive 

medicine, and reproductive health biomonitoring 

have made these disciplines more cohesive. The 

health and climate modeling, combined with 

biomonitoring models of chemical exposure and 

satellite measurement of air quality, enables us to 

better understand how the environment impacts 

reproductive health (Palomba et al., 2018). This 

allows for more precise characterisation of the 

populations more at risk of various reproductive 

health threats. 

The effect of environmental stressors on 

reproduction is a priority of integrated health 

systems research as global populations grapple 

with renewed environmental threats. 

Understanding which environmental conditions 

negatively affect fertility will bring much-needed 

clarity to the public health policy, regulatory, and 

community intervention frameworks. This 

proposal will synthesize data on reproduction and 

risk of fertility, epidemiology, and exposure to 

constructed environments, to provide 

information on the health impacts of the changing 

environments on the fertility of a population and 

contribute to the creation of equitable and 

resilient health systems. (Coall et al., 2016; 

Cescon et al., 2020; Liew et al., 2024). 
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Materials and Methods 

Study Design and Population Selection 

The current investigation employs both cross-

sectional and longitudinal designs in evaluating 

environmental stressors and their effect on 

beneficiaries' reproductive health and fertility 

rates. Participants drawn from varying study sites 

and regions in order to gather a different array of 

environmental factors/variables: urban, 

industrial, and rural. The subjects of the study 

were people of reproductive age and were 

stratified according to age, sex, social class, and 

work environment. The study was approved by 

the appropriate institutional bodies, and all study 

participants provided consent to have their 

information collected (Tan, 2024). 

Data Collection and Environmental 

Exposure Assessment 

The environmental exposure data have been 

collated from various sources; government 

monitoring systems; satellite-based systems to 

evaluate Air Quality; Climatic databases; and 

regulative biomonitoring databases. For 

example, the chemical substances, in particular, 

the endocrine disruptors, were measured by 

assessing blood and urine samples (Shum, 2024). 

Information pertaining to extreme temperature, 

air pollution, anxiety, and from the surveys on 

psychosocial stress was corroborated by regional 

climate databases. Components of the 

participants' reproductive health were evaluated, 

including the hormones and quality of the various 

reproductive cells, the fertility and pregnancy 

history, and the pregnancy outcomes. These 

evaluations were conducted in the clinic, and data 

were structured and collected in the form of 

questionnaires (Tunc et al., 2024). 

Classification of Environmental Stressors 

Four main types of environmental stressors 

were established. These were: chemical 

(pesticides, industrial chemicals), physical (heat, 

UV exposure), biological (infectious agents), and 

psychosocial (chronic stress, social instability). 

Each environmental stressor received an 

exposure intensity score considering 

concentration, duration, and frequency. The 

Population was stratified based on cumulative 

exposure as a means to assess potential dose-

response relationships to reproductive outcomes 

(Mendola et al., 2008). 

Data Integration and Analysis 

Linkage of records of environmental 

exposures and of indicators of reproductive 

health at the individual level was accomplished 

using secure record integration in the databases. 

Statistical methods were employed to determine 

the relationships between the exposures of 

interest and reproductive health outcomes. 

Within a multivariate regression and generalized 

linear models, sensitivity analyses were 

performed to control for the potential 

confounding effects of age, BMI, lifestyle, and 

other health conditions. Subgroup analyses 

analyzed the different degrees of possible risk 

that different demographics and geographic 

divisions illustrated. Microenvironmental 

stressors decimate the cell structure and 

reproductive health of the humans that possess 

such reproductive architecture. Transport-related 

stress is a cause of the still-unexplained, 
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enormous genotoxic damage in rainbow trout and 

is, therefore, critical to understand. The 

prediction of impaired physiological homeostasis 

and reproductive health outcomes across all 

living organisms, including humans, is the 

amplification of the growing disease burden from 

climate change ecosyndromic environmental 

stress. Increased disease stress in aquaculture 

species also illustrates these principles of climate 

change ecosyndromic environmental stress. The 

potential of large-scale health data to improve 

prediction of complex health patterns is 

illustrated by this work, as is the potential of 

large-scale health data to predict complex 

patterns of human health, particularly of 

reproductive health, through machine learning. 

(Castillo & Al-Mansouri, 2025; Comizzoli & 

Ottinger, 2021) 

Predictive Modeling of Reproductive Risk 

To estimate the degree of environmental 

stressors-initiated model modifications over the 

range of fertility rates, predictive models were 

built. These predictive models incorporated 

epidemiological data, exposure data, and 

reproductive markers for biomarker-matched 

data modeling of the most susceptible elements 

of the Population. Probable situation modeling 

data of public health relevance were obtained to 

address potential outcomes of population 

exposure to pollution, extreme heat events, and 

cumulative chemical exposure. 

Methodological Workflow for Evaluating 

Environmental Stressors and Their 

Effects on Human Reproductive Health 

 

Figure 3: Integrated Workflow for Linking Environmental Stressors to Reproductive Health 

Patterns in Human Populations 

The workflow in the study’s Figure 3 was 

executed methodically and in an orderly fashion 

in order to meet the requirements of scientific 

precision. The first step was the selection of 

populations, followed by the identification and 

enlistment of participants from different 

6. Predictive Modelling: Simulate fertility outcomes under 

stress 

2. Data Collection                                                           

Gather environmental stressors + fertility health data   

 3. Classification: Categorize stressors by type & intensity 

4. Data Integration: Link datasets in a secure unified system   

5. Statistical Analysis: Apply multivariate models & 

sensitivity testing    

1. Population Selection Identify 

participants across diverse regions 

7. Interpretation & Reporting Identify 

risks & guide policy decisions   
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geographical and socio-environmental locations 

in order to obtain maximal variation in exposure. 

This was succeeded by the collection of data in 

which the team built an extensive record of 

various environmental stressors and reproductive 

health components. Then, during the sorting 

phase, each strainor was classified as a chemical, 

physiological, or psychosocial type. They were 

also organized in a hierarchical order of intensity, 

which had to be measured. The team integrated 

the environmental stress and reproductive health 

data from different sources and merged them into 

the same data system, allowing for some 

variables to be compared with others. 

Afterwards, various statistical methods were 

employed in an order consisting of multivariate 

modeling, correlation, and sensitivity analysis to 

find and assess the significance of intersections 

involving stressors and reproductive health. In an 

attempt to provide insights on predictive risk, the 

team employed a predictive model to assess a 

range of exposure scenarios and the possible 

outcomes of exposure to different risk factors on 

fertility. The whole workflow was rounded off by 

the reporting, which involved high-risk exposure 

participants, patterns that were highlighted, and 

the preparedness of the results to be used to build 

public health frameworks. 

Results and Discussion 

Patterns of Environmental Stressor 

Exposure and Reproductive Outcomes 

The trends in the exposure in the fields of 

chemical, physical, and psychosocial variables, 

during the last twenty years of study in the 

environmental and reproductive health domain, 

show significant correlation. As shown in Figure 

1, the urban and industrial areas have always 

been in the top tier of the country in the presence 

of endocrine-disrupting chemicals (EDCs) and 

other pollutants in the air, and simultaneously 

experienced lower fertility rates. Although rural 

areas had lower concentrations of chemicals, 

they still had higher levels of heat stress and 

pesticide exposure. 

The summary of trends in reproductive 

outcomes related to the environmental stressors 

in the period of the study is shown in Table 1. In 

the study, the most significant exposure was to 

EDCs, which increased levels of stress, from 

psychosocial chronic exposure, of which the 

increase was 30%. The years of air pollution 

showed EDCs increased by 85% along with 40% 

chronic exposure. The data indicate a significant 

spatio-temporal correlation between the 

environmental stressors and the decline in 

reproductive health. 

The maps in Figure 4 show the concentration 

of the regional impact of the chemical, physical, 

and psychosocial stressors during the twenty 

years. 
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Figure 4: Spatial Distribution of Environmental Stressor Levels (2005–2025) 

Table 1. Environmental Stressor Trends and 

Reproductive Health Indicators (2005–2025) 

Table 1: Shows Temporal Change in Stressor Intensity and Corresponding Fertility Measures 

Stressor Level 

2005 

Level 

2025 

% 

Change 

Average Fertility Rate (per 

1000) 

EDCs 50 µg/L 93 µg/L +85% 62 → 51 

Air Pollution (AQI) 78 109 +40% 62 → 54 

Heat Exposure (days 

>35°C) 

10 15 +50% 62 → 56 

Psychosocial Stress Index 20 26 +30% 62 → 53 
 

 

Figure 5: Fertility Decline vs Environmental Stressor Levels (2005–2025) 

In the 20-year period of observation detailed 

in the preceding section, Figure 5 shows a 

continual decline in fertility rates alongside a 

growing scope of stressors such as chemical 

pollution, indices of air quality, thermal load 

days, and psychosocial strain. A consistent 

decline in the fertility rate can be traced as all 

stressors intensify. The strong visual trends of the 
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fertility rate indicate a strong temporal relation: 

years with a decrease in the fertility rate coincide 

with years of increased stressors. This supports 

the hypothesis of cumulative exposure, namely 

that the negative population reproductive 

outcome becomes exacerbated and is directly 

attributable to incremental exposure. 

Predictive Modeling of Stressor 

Impact on Fertility 

Predictive modeling showed strong 

relationships between cumulative exposure 

scores and reproductive health outcomes. Figure 

2 shows different areas with higher combined 

location stressors and how they suffered greater 

losses in fertility and higher losses from 

reproductive health issues like miscarriages and 

hormonal imbalances. Sensitivity analysis (Table 

2) illustrated how chemical exposures and 

psychosocial stress were the most impactful by 

themselves, while other physical stressors, such 

as heat, blended in to create synergistic exposure 

risks. 

Table 2. Sensitivity Analysis of 

Environmental Stressors on Fertility Outcomes 

 

Table 2: Quantifies The Relative Influence Of Different Stressors On Reproductive Health 

Stressor Type Regression Coefficient p-value Relative Impact 

Chemical (EDCs) -0.42 <0.01 High 

Air Pollution -0.30 <0.05 Medium 

Heat Exposure -0.18 0.07 Low-Medium 

Psychosocial Stress -0.35 <0.01 High 
 

 

Figure 6: Stressor Impact Ranking on Fertility Rate 

Figure 6 shows the relative magnitude and 

impact of the difference in environment. The 

horizontal bar chart shows chemical exposures, 

specifically other endocrine-disrupting 

compounds, to be the most impactful, followed 

closely by psychosocial stress. Air pollution and 

heat exposure showed moderate and low effects, 

respectively, to be meaningful. The trend shows 

that even though every heat exposure stressor 

impacts reproductive health, chemical 

psychosocial intertwined stressors were the most 

impactful and dominant in contributing to the 

loss of fertility. This assists the visual ranking of 

sensitivity and prioritization of issue focus. 

62
58 55 52

48

0

10

20

30

40

50

60

70

10 20 30 40 50F
er

ti
li

ty
 R

at
e 

(p
er

 1
0

0
0

)

Cumulative Stressor Index

Relationship Between Cumulative Stressor Index and 

Fertility Rate



Journal of Animal Environment, Vol. 17, No. 1, Spring 2025 

260 

 

Population Vulnerability and 

Demographic Patterns 

Vulnerability analysis is most sensitive to the 

exposed environment for women aged 25 to 35 

and men aged 30 to 40. Figure 3 shows the high-

risk population spatial clustering within urban 

industrial zones. Fertility decline and 

reproductive health risks of Table 3 show by 

demographic Group. 

 

Figure 7: High-Risk Population Clusters for Reproductive Health Impacts 

Figure 7 shows geographic areas where 

cumulative environmental stressors are most 

severely impacting contraception. 

Table 3. Fertility Decline and Reproductive 

Risk by Demographic Group 

 

Table 3: Highlights The Variation In Vulnerability Across Age And Gender Groups 

emographic 

Group 

Fertility Rate 

2005 

Fertility Rate 

2025 

Relative 

Risk 

emographic 

Group 

Women 25–35 68 52 Very High Women 25–35 

Women 36–45 45 38 Medium Women 36–45 

Men 30–40 70 55 High Men 30–40 

Men 41–50 52 47 Medium Men 41–50 
 

 

Figure 8: Fertility Decline by Age Group 
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Between 2005 and 2025, there are trends 

specific to each age group in fertility reductions, 

demonstrated in Figure 8. Women 25-35 and men 

30-40 demonstrated the steepest reduction, 

indicating that this Group in their prime years for 

reproduction was highly impacted by the 

increased environmental stressors. The older age 

groups demonstrated less steep reductions, 

indicating these groups may have had less 

environmental stress or their baseline fertility had 

been depleted, and thus was less impacted by 

environmental stressors. The reduction in fertility 

was uneven across the age groups and was 

aligned with the environmental stress 

vulnerability to demonstrate that the stressors 

were not impacting the whole Population 

equally. 

Conclusion 

This study shows the impact of several 

accretive environmental stressors including 

ambient air pollutants, environmental chemicals, 

heat, and psychosocial stressors on human 

reproduction and the rates of human 

reproduction. Over the last two decades, we 

analysed (relatively) urban-industrial areas, 

which are at the greatest risk of environmental 

stressors, and documented the significant 

declination of human reproduction and rise in 

reproductive health issues. As ecological studies 

depict fragmented habitats as vulnerable, our 

studies show that human populations 

(particularly urban-industrial areas) are at 

disproportionate risk of environmental stressors 

with fragmented amplified reproductive health 

risk. As with the studies that depict the ecological 

habitats as fragmented and vulnerable, our 

studies human populations are at 

disproportionately higher reproductive risk. The 

combination of spatial analysis, predictive 

modeling, and sociology at the population scale 

helped in the delineation of 'most at risk' groups, 

namely women between 25-35, and men 30-40, 

of reproductive age. The study highlights the 

need for an integrated approach to address the 

combined impact of multiple environmental 

stressors on reproductive health. By identifying 

reproductive 'hotspots,' targeted interventions in 

the most affected areas, such as pollution control 

and urban heat mitigation, can help protect 

fertility in vulnerable populations. These 

advocates added the need for intervention to be 

focused, most importantly in the case of our 

studies, direct regulation of highly stressed urban 

environments, urban heat island mitigation, 

ambient air pollutants, mental stress alleviation 

programs, and psychosocial stress chronic 

programs. Fusing environmental metrics on 

population wellbeing with metrics on Population 

reproductive health, we provide a snapshot in 

time of the impact of acute environmental metrics 

on reproductive health fertility. Additionally, the 

data highlights the combined and cumulative 

impact of stressors on the environment, 

indicating that considering one factor in isolation 

may fail to capture the complete risk to 

reproduction. Just as conservation ecology 

determines key habitat fragments to protect, the 

identification of reproductive “hotspots” allows 

policymakers and practitioners in public health to 

direct their efforts to regions of the greatest 

environmental exposure. 
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The research also calls for sustained 

observations, interdisciplinary work, and 

anticipatory public health action. The integration 

of live environmental data, clinical reproduction 

appraisal, and population health tracking to 

protect reproduction in the changing 

environment will be extremely important to 

continued research. 
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