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Introduction 

Current research through public engagement in open science can 

support policy for the implementation of sustainable 

development goals [1–3]. Environmental science 

communication through problem-based education might 

enhance public awareness of how the residential environment 

affects their health and to motivate participation in local 

environmental decision-making [4–6]. In this research, 

environmental communication means the distribution of 

information among the study participants and the 

implementation of communication practices that are related to 

the environment. Currently, science communication in practice 

means the entire science communication chain – scientists, 

participants, stakeholders, social media, and policymakers [2] 

and requires significant changes in teaching [7]. The 

communication practice of the Social Cognitive theory suggests 

changes by informing, enabling, motivating, and investigating 

personal behavior considering the environmental impact [8]. 

However, to date, the science communication practice in 

environmental epidemiological research has not been studied 

extensively [9,10]. The communication needs to engage study 

participants in environmental education, with using problem-

based learning and evaluating the impact of the research results 

on the study participants, the community, science, and 

sustainability [9,11]. The created Concept Mapping model 

encourages considering the participants’ actual themes, 

environmental behavior, and outcomes assessment [12]. A 

framework of indicators has been presented to measure the 

environmental behavior by environmental lifestyle behavior, 

participation in environmental policymaking, and social 

cohesion [13]. 
 

In this epidemiological study, environmental science 

communications as an integrated process of research were used 

to encourage participants’ pro-environmental health behaviors. 

Our evaluation of science communication includes the Concept 

Mapping model [12], the principles of evidence-based science 

communication [7], and the Theory of Planned Behavior [14]. 

The concept assumes that the environment influences 

individuals’ personality, meanwhile behavior depends on 

subjective norms, knowledge, and perceived behavioral control 

to influence the decision to behavior change. Figure 1 shows our 

conceptual framework and hypothesized pathways linking 

environmental issues and health outcomes, controlling for the 

influence of socioeconomic status (SES) variables.  
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Abstract  
 

Environmental science communication integrated into environmental epidemiological research is a measure to raise community 

awareness of neighborhood environment-related health issues and impact health behavior. However, little data exists on the 

effect of communication practice on the participants in collaborative epidemiological research. We aimed to evaluate 

environmental science communication’s effect on study participants’ ecological knowledge, physical activity, and health, and 

examine the relationship between urban-built and perceived neighborhood environments’ quality and health risk. This was an 

environmental epidemiological collaborative study, using a cross-sectional study design, individual-level data, evidence-based 

environmental science communication, and geographic information systems methodology, which included 714 population-based 

45-64-year-old citizens. We measured residential traffic flows and perceived neighborhood environmental quality. Health 

outcomes were measured by physician-diagnosed chronic disease and self-rated health. Multivariate logistic regression analysis 

was used to estimate the associations between combined environmental factors, perceived environmental quality, physical 

activity, and the risk of poor health. Environmental science communication improved participants’ ecological knowledge. There 

were significant differences in rating of the acquired knowledge, individual environmental quality perceptions, stress level, and 

self-rated health risk. Perceived poor environmental quality was independently associated with stress level and self-rated poor 

health risks. High ecological education impact was associated with significantly lower stress level and poor health risk (adjusted 

odds ratios 0.61 and 0.72, accordingly). We found a significant indirect association between physical activity in parks, stress 

level and health risk. Environmental science communication had the potential to increase public health benefits to society by 

influencing ecological awareness and health behavior. The perceived ambient air pollution might be used as an indicator of 

poor environmental quality that impacts citizens’ health risk and should guide policies aimed at improving health and air quality 

in cities. 
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Figure 1: Conceptual framework showing hypothesized pathways linking environmental issues to health outcomes. The arrows 

represent hypothetical patterns of influence. 
 

Our study of hypothetical associations was focused on the 

reported previous epidemiological findings that residents’ 

physical health and well-being may depend on the urban 

environments including green spaces, and participants’ physical 

activity associated with perceived local environmental quality 

[15–17]. The conceptual framework includes environmental 

domains that impact health depending on the traffic-related 

environmental exposure levels [18,19], SES, sex, and health 

behavior [20–22], and green spaces effect [23–26]. However, 

little is known about personal outcomes resulting from science 

communication, and the impact of environmental behavior 

changes on the participants’ health remains uncertain [4,27]. 

There is some evidence that urban green space is beneficial for 

the health and well-being of urban residents through increased 

physical activity, societal cohesion, reduced stress, and better 

general health [28–30]. Potential pathways linking green space 

exposure to health mainly comprise psychological stress-

relieving and increased physical activity levels among residents 

of urbanized settings [24,26]. 
 

This environmental epidemiological study has been initiated as 

the Pilot study of the Horizon proposal Citizen Science for 

Urban Environment and Health 2019-2022 [31]. In this study, 

we for the first time investigated the environmental science 

communication as part of the whole environmental 

epidemiological research and evaluated ecological education 

impact on the general health among 45–64-year-old participants 

of an Eastern European country. General health is treated as 

environmental exposure and the health behavior outcome and is 

measured by questionnaire. A questionnaire measures a 

subjective indicator of self-rated health status that integrates 

biological, mental, social, and functional aspects of a person, 

including environmental health behaviors [21]. Self-rated 

general health is treated as a valid predictor of residents’ 

morbidity and mortality [32,33], and might depend on 

satisfaction with residential environmental conditions, well-

being, and participants’ physical health [34,35].  
 

In this study, we placed participants' concerns at the heart of 

environmental epidemiological research to foster problem-

based learning of the environment’s impact on health outcomes. 

Building on the 45–64-year-old participants’ concerns for 

neighborhood environmental quality and residents’ health, this 

study tested two hypotheses: H1) environmental science 

communication improves participants knowledge and 

significantly impacts environmental quality perception, H2) 

perceived poor environmental quality and low physical activity 

are independent variables that impact stress and self-rated poor 

health risks. This epidemiological study, while using science 

communication, explores hypothesized pathways of how built 

and perceived neighborhood environments affect health 

behavior and multi-dimensional health issues. Such complex 

knowledge serves policy makers and public health practitioners 

in designing intervention programmes. 
 

Materials and Methods  

Study Design 

The present study extends previous work of the Citizen Science 

for Urban Environment and Health Kaunas Pilot study by 

providing new empirical evidence on how environmental 

science communication and perceived air pollution in residential 

settings is related to physical activity and poor health risk, 

especially of heavy-traffic flow streets residents. This 

epidemiological-collaborative study used science 

communication and statistical analysis methods for the 

evaluation of complex research outcomes using a systematic 

approach. The basic principles of engaged participants included 

individual rights and the right to make informed decisions 

described in the Declaration of Helsinki [36]. The informed 

consent was signed before entering the research and was 

approved by the local Ethics Committee. The epidemiological 

study description have been provided previously [37]. 
 

The current study data was collected through an online survey 

carried out in 2022. The survey sample of 1000 was drawn from 

voting lists of 45–64-year-old Kaunas residents and 714 agreed 

to participate in the study (71.2% response rate). Environmental 

science communication strategy included study participants 

providing a tutorial during annual scientific-practical 

conferences Human and Nature Safety, discussions, mapping, 

and videos, and sharing scientific results. During the dialogues 

with stakeholders and politicians, scientific research results, 

practical recommendations, and findings for intervention 

programmes were discussed.  
 

This collaborative research builds on the environmental 

epidemiological approach and cross-sectional study design. 

Participants were involved in scientific hypothesis formulation, 

discussion of study protocol, and activities of environmental 

data collection, measuring and rating the neighborhood 

environmental quality, and scoring personal health. To raise           
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participants’ environmental awareness, we organized annual 

meetings and conferences and used education material built on 

evidence-based real Kaunas environmental epidemiological 

cohort studies [38], and randomized clinical trial results [39,40]. 

Through communication and ecological education, we seek to 

motivate participants’ activities in the study [41]. Our publicized 

results of the collaborative Kaunas Pilot study demonstrated 

data potentially relevant to sustainable development goals 

(SDGs): air pollution caused problems (SDG 11.6), ensure 

healthy lives and promote well-being for all (SDG 3), and 

education for sustainable development (SDG 4.7) (37). 
 

This study analyzes data of 714 population-based samples of 45-

64-year-old citizens permanently residing in 11 Kaunas City 

districts. We seek to answer the participants’ formulated 

question: “What impact does the perceived poor neighborhood 

environment quality have on residents’ health?” We evaluated 

individual-impact outcomes as a problem-based ecological 

education result during the study. We aimed to show that 

environmental science communication through promoting 

ecological knowledge impacts environmental health behavior 

and has a positive impact on general health. To measure self-

rated research outcomes, we encouraged participants to take 

what they have learned during problem-based education and 

their activities and evaluate the strategies for themselves. This 

comprised using health behavioral changes, also a good 

acknowledgment of self-rated health issues, and an evaluation 

of neighborhood environmental quality effect on their personal 

health. 
 

Measurement of Environmental Science Communication 

Outcomes 

In this study, we used the recommendations of the experts’ for 

evaluation of science communication and environmental 

education outcomes [13,42,43]. The outcomes were estimated 

by the testing of the hypothesized pathways using quantitative 

and qualitative methods to better understand complex 

mechanisms [44,45].  
 

To measure research outcomes, 660 participants independent of 

their health status, using formalized questionnaires rated 

ecological education outcomes about the acquisition of new 

skills, new knowledge, and behavior changes. The participants 

rated statements using a Likert rating scale ranging from 1 

(strongly disagree) to 7 (strongly agree). The statements were: 

reducing air pollution would improve the health of the citizens; 

greater physical activity and walks in the park improve my 

health; my opinion and proposals for politicians are important 

for solving urban environment and health problems; I will use 

the acquired skills in my life and activity; participation in the 

study improved my data collection and interpretation skills; 

participation in the study increased my knowledge about the 

links between environmental quality and my health; 

participation in the study did not meet my expectations. Higher 

scores indicated higher impact. 
 

Measurement of Environmental Quality 

Two measures were used to estimate environmental quality: 

road traffic flow and perceived environment quality scores. We 

used geographic information systems (GIS) and ArcGIS 10.4 

software to link traffic flow and perceived environment quality 

scores to each participant’s home address. In the analysis, 

participants living on the street with more than 10,000 cars per 

day were referred to as highly exposed to traffic emissions, 

remaining participants were referred to as low exposed to traffic 

emissions.  
 

The perceived environmental quality was estimated by rating 

questions comprising neighbourhood quality and social well-

being: Does the public transport in the district meet your needs? 

Are you satisfied with the pathways and cycling routes? Are 

there opportunities for walking to reach the city's green spaces 

or parks? Can you take part in the decision-making to improve 

the environment in which you live? Do you feel safe in your 

area? During the last 6 months, have you felt stress, tension, or 

anxiety? Does air pollution in your place of residence cause 

health problems? Does the noise in your place of residence 

hinder your sleep and/or work at home? Do you regularly visit 

the park? The perceived environmental quality was rated using 

a seven-point Likert rating scale ranging from 1 (strongly 

disagree) to 7 (strongly agree). Higher scores indicated better 

environmental quality satisfaction. 
 

Measurement of Health Status 

The participants’ subjective health status was assessed by the 

self-rated health score of the question “How would you rate your 

overall health status at present on a scale from 1 (poor) to 5 (very 

good)?” A similar measure of health status, a five-point Likert 

rating scale is used in international studies [32,46,47]. We 

treated health status below the mean as “poor”, and above the 

mean as “good”. Self-rated poor health was validated by the 

presence of physician-diagnosed chronic non-communicable 

diseases (cardiovascular disease, hypertension, obesity). To 

measure stress level, participants scored the question: “During 

the last 6 months, have you felt stress, tension, or anxiety?” 

Scores below the mean indicated lower stress levels. 
 

To measure the health behavior variable of physical activity, 

both subjective measurement and objective measurement tools 

were used. The measure was indicated by two subjective 

variables: self-reported leisure-time recommended physical 

activity duration and frequency of visits to a park. To measure 

objectively physical activity levels, we used 7-day wearing 

certified sensors Fitbit Alta data. We validated subjectively 

acknowledged physical activity levels by the sensor’s estimated 

physical activity. For this measure, we used the data of the first 

50 participants who agreed to wear the sensor during everyday 

activities. In this study, the recommended duration of physical 

activity was defined by international guidelines [48], i.e., at least 

150 min/week of moderate-intensity physical activity outdoors. 

The participants presented information on physical activity 

during leisure time by answering the following question: 

“During the last week, what was the meantime per day you spent 

outdoors walking fast, bicycling, or gardening?” The measure of 

physical activity was adapted from publicized international 

studies [46]. We classified spent outdoors physical activity by 

time: recommended - at least 150 min/week of moderate-

intensity and fewer min/week. Another estimate was acquired 

by answering the question: “Do you regularly visit the natural 

environment/park?’’ The answers were classified as regular 

visits (three or more times per week) and irregular visits (two or 

less times per week). We validated the consistency of the 

answers by comparing the above-mentioned leisure time 

physical activity levels of recommended time activity level and 

regular visits in a park with the 7-day sensors Fitbit Alta devices 

data of calculated activities in METS. Self-reported moderate-

intensity data and regular visits to the park showed good  
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concordance to activities ranging between 3 - 6 METS showing 

good validity of acknowledged physical activity spent outdoors.  
 

Key Concepts and Hypotheses Testing  

The key hypothesized pathways testing of this study comprises 

a holistic approach of long-term traffic-related environmental 

exposure associated with perceived poor environmental quality 

and environment-related major chronic non-communicable 

diseases, such as cardiovascular disease, hypertension, and 

obesity, which are main determinants of self-rated poor health. 

The collected personal data for hypotheses testing comprised 

participants perceived environmental quality, residence history, 

demographic, and SES, physician-diagnosed chronic diseases, 

physical activity level, visits to a park, stress, and self-rated 

general health. In analysis, all data were dichotomized. 

Individual level SES was estimated by the participant’s 

education level and the situation at work. The impact of 

confounding variables SES, age, gender, smoking status, and 

others in testing hypotheses of the associations of environmental 

exposures and health outcomes was controlled by using 

mathematical modeling.  
 

Statistical Analysis 

Descriptive statistics 

Testing H1, first, we analyzed participants’ baseline 

characteristics associated with different personal and 

environmental factors distribution according to health status. 

The baseline covariates were examined using the chi-squared 

test to compare the values and the frequencies of the 

participants’ characteristics by good and poor health status. 

Then, we evaluated the prevalence of acquired of new skills and 

knowledge outcomes among males and females and estimated 

the links between health indices and ecological education 

outcomes. We used mean ratings of the perceived neighborhood 

quality scores to analyze links with the self-rated good and poor 

health. In tables, quantitative variables we reported as mean 

values and standard deviations and choose a p-value < 0.05 as 

the significance level. Qualitative characteristics were analyzed 

by Fisher’s exact test. 

 

 
 

Modeling of environment-health associations effects 

Testing H2, we applied univariate and multivariate (adjusted) 

logistic regression models to produce odds ratios (OR) and 

measure the strengths of the associations and their 95% 

confidence intervals (CI). In the models, we evaluated the 

strengths of the relationships between the perceived 

neighborhood quality factors, physical activity, and ecological 

education impact on stress and poor health risk. In a sensitivity 

analysis, univariate odds ratio (OR) and adjusted odds ratios 

(aOR) of multivariate models were used to estimate the 

strengths of the relationship between the variables. In such a 

way we calculate the risk that a poor health effect will result 

from exposure, controlling for co-variates by statistical 

modeling. The multivariate models were adjusted for co-

variates: sex, education level, age, smoking status, and income. 

In this analysis, independent variables included perceived 

environmental quality indicators, ecological education 

outcomes and physical activity. Dependent variables were poor 

health and stress. In the multivariate logistic regression models, 

we applied higher than 0.05 p-value thresholds (such as <0.2) 

for the inclusion of predictor variables from bivariate statistics 

to prevent the exclusion of relevant factors (49). For this reason, 

we also retained the variables that changed the adjusted odds 

ratios by 10% or more for inclusion in the multivariate logistic 

regression analysis. Statistical analysis was performed using the 

SPSS version 25.0 package (IBM Corporation, New York, NY, 

USA). 
  
Results 

Results of testing H1. Hypothesis testing started with the 

elucidation of the sociodemographic and environment-related 

variables which are associated with health status and are treated 

as risk factors for poor health (Table 1). Findings showed that 

high traffic flow did not have a significant effect on self-rated 

poor health. Poor health risk was significantly associated with 

physicians diagnosed chronic diseases, perceived air pollution, 

irregular visits to the park, and higher levels of stress. These 

variables can be treated as risk factors for poor health. Poor 

health participants reported participation in the study impact as 

“high” more rarely than good-health participants did (14.8% and 

85.2%, respectively, p = 0.015).  

Table 1: Sample characteristics by health status among 45-64-year-old participants. (N=714). 
 

Characteristics Total number 

N (%) 

Good health, 

N (%) 

Poor health,  

N (%) 
p 

Sex    0.850‡ 

Men 325 (45.5) 260 (80.0) 65 (20.0)  

Women 389 (54.5) 314 (80.7) 75 (19.3)  

Family status    0.666‡ 

Married 458 (64.1) 366 (79.9) 92 (20.1)  

Other 256 (35.9) 208 (81.3) 48 (18.8)  

Education status    0.703‡ 

Higher educated 408 (57.1) 330 (80.9) 78 (19.1)  

Lower educated 306 (42.9) 244 (79.7) 62 (20.3)  

Situation at work    0.048‡ 

Full-time 517 (72.4) 425 (82.2) 92 (17.8)  

Other 197 (27.6) 149 (75.6) 48 (24.4)  

Current smoking    0.878‡ 

No 573 (80.3) 460 (80.3) 113 (19.7)  

Yes 141 (19.7) 114 (80.9) 27 (19.1)  

Visits to the park    0.004‡ 
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Regular 443 (62.0) 371 (83.7) 72 (16.3)  

Irregular 271 (38.8) 203 (74.9) 68 (25.1)  

Traffic 10,000 

cars/day 

 
  0.212‡ 

< 10,000 505 (70.7) 412 (81.6) 93 (18.4)  

≥ 10,000 209 (29.3) 162 (77.5) 47 (22.5)  

Hypertension    0.003*‡ 

No 512 (71.7) 443 (86.5) 69 (13.5)  

Yes 202 (28.3) 131 (64.9) 71 (35.1)  

Body mass index  25.96 (4.03) 27.32 (5.75) 0.009*† 

Healthy (18.5-24.99) 297 (42.1) 238 (80.1) 59 (19.9) 0.013*‡ 

Overweight (25-29.99) 304 (43.1) 254 (83.6) 50 (16.4)  

Obesity (>=30) 104 (14.8) 73 (70.2) 31 (29.8)  

Physical activity    0.421‡ 

Low (<150 min/week) 569 (79.7) 454 (79.8) 115 (20.2)  

Recommended (>150 

min/week) 

145 (20.3) 
120 (82.8) 25 (17.2)  

Participation impact    0.015*‡ 

High (>mean score) 267 (40.5) 335 (85.2) 58 (14.8)  

Low (<mean score) 393 (59.5) 208 (77.9) 59 (22.1)  

Stress level    0.000*‡ 

High (score <mean) 360 (50.4) 267 (74.2) 93 (25.8)  

Low (score >mean) 354 (49.6) 307 (86.7) 47 (13.3)  

Perceived air pollution   0.000*‡ 

No (score >mean) 338 (50.6) 300 (88.8) 38 (11.2)  

Yes (score <mean) 330 (49.4) 249 (75.5) 81 (24.5)  

† p-value of Student’s t test; ‡ p-value of the chi-squared test; SD – standard deviation; *p<0.05. 
 

Table 2 presents the self-reported prevalence (%) of high impact 

outcomes of 45-64 years participants (acquired new skills and 

knowledge of learning and empowerment). The results indicate 

that the high-impact ecological education outcomes are similar 

for males and females. Most of all participants acknowledged 

the high impact of acquired new knowledge on a better 

understanding links between environmental quality and health 

problems, and that greater physical activity and walks in the 

park might improve their health. However, 31.2% of the 

participants stated that participation in the study did not fully 

meted their expectations.  

 

Table 2: Self-reported collaborative study of 45-64 years participants acquired new skills and knowledge by sex. 
 

Outcomes of new skills and knowledge 
Total sample Sex  

% high impact (>mean)b Male Female p 

Reducing air pollution would improve the health of the citizensa  68.0% 6.09  6.05 0.757 

Greater physical activity and walks in the park improve my healtha 80.4% 6.18 613 0.618 

My opinion and proposals for politicians are important for solving urban 

environment and health problemsa 
67.2% 

3.30 3.61 0.617 

I will use the acquired skills in my life and activitya  66.9% 3.39 3.64 0.071 

Participation in the study improved my data collection and interpretation 

skillsa 
68.8% 

3.23 3.51 0.148 

Participation in the study increased my knowledge about the links 

between environmental quality and my healtha 
62.7% 

6.15 6.20 0.627 

Participation in the study did not meet my expectationsa  31.2% 4.12 4.19 0.621 

aThe scores for all statements ranged from 1 to 7: 1 = strongly disagree, and 7 = strongly agree. Higher scores indicate a better effect 

on knowledge. bThe >mean indicates the prevalence of a high impact on the participant’s knowledge in %.  

 

Next, we studied whether exists links between self-reported 

health-associated indices and education impact level (Table 3). 

The findings indicate that the high-impact participants more 

often rated their health as “good” and 64.4% of them regularly 

visited parks. High-impact participants also more often than 

low-impact participants worried that air pollution in the place of 

residence impacts their health (p = 0.010), and their stress level 

was lower than that of low-impact participants. Visiting the park 

regularly was found to be more common among the high-impact 

group participants (p = 0.054), but they do not suggest that the 

knowledge acquired during the study alone influenced the 

changes in personal health behaviors. Recommended leisure 

time moderated physical activity (>150 min/week) was low in 

both groups reaching only 19.6% of high-impact participants, 

and 12.4% of low-impact participants (p = 0.014). The findings 

show a big potential to increase physical activity, especially for 

80.4% of participants who recognized that greater physical 

activity and walks in the park might improve their health.  
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Table 3: Health issues of the 45-65 years participants by the ecological education impact level. 
 

Health Indices 
Low Impact, 

N (%) 

High Impact, 

N (%) 

p 

Health status   0.015*‡ 

Good 208 (77.9) 335 (85.2)  

Poor  59 (22.1) 58 (14.8)  

Stress level    0.038*‡ 

Stress high (score <mean)  147 (55.1) 184 (46.8)  

Stress low (score >mean)  120 (44.9) 209 (53.2)  

Physical activity    0.014*‡ 

Low (<150 min/week)  234 (87.6) 316 (80.4)  

Recommended (>150 

min/week) 

33 (12.4) 77 (19.6)  

Visits to the park   0.054‡ 

Regular 152 (56.9) 253 (64.4)  

Irregular 115 (43.1) 140 (35.6)  

Perceived air pollution   0.010*‡ 

No (score >mean) 151 (56.6) 182 (46.3)  

Yes (score <mean) 116 (43.4) 211 (53.7)  

Perceived noise   0.177‡ 

No (score >mean) 188 (70.4) 257 (65.4)  

Yes (score <mean) 79 (29.6) 136 (34.6)  

‡ p-value of the chi-squared test; *p<0.05. 
 

Next, we studied whether there are differences in good health 

and poor health participants’ perception of environmental 

quality (Table 4). We estimated mean environmental 

perceptions along three dimensions: satisfaction with the built 

environment, perceived environmental exposure, and social 

cohesion. Health status perceived as “good” was significantly 

more often associated with higher scores of satisfactions with 

the built environment, higher perceived environmental 

exposure, and better rating of social cohesion compared to the 

“poor” health group. Our findings show that problem-based 

education improves science literacy and ecological knowledge 

and significantly impacts environmental quality perception, 

which is associated with self-rated health status. However, we 

found a significant gap between participants knowing that more 

physical activity and walking in the park can improve their 

health and the recommended level of physical activity that they 

have achieved.  

 

Table 4: Mean ratings of the perceived neighbourhood quality and social well-being in 45-64-year-old participants by health status. 
 

Questions 

Neighbourhood quality and social well-being 

Good health  

Mean (SD) 

Poor health 

Mean (SD) 
p 

Satisfaction with the built environment    

1. Does the public transport in the district meet your needs? 5.31 (1.78) 4.84 (2.22) 0.022 

2. Are you satisfied with pathways and cycling routes? 5.08 (2.01) 4.34 (2.35) 0.001 

3. Are there opportunities for walking to reach the city's green 

spaces or parks? 
5.53 (1.97) 4.78 (2.25) 0.000 

Environmental exposure    

4. Does air pollution in your place of residence cause 

problems? 
4.21 (2.04) 3.26 (2.15) 0.000 

5. Does the noise in your place of residence hinder your sleep 

and/or work at home? 
5.11 (1.88) 4.39 (2.30) 0.001 

6. Do you regularly visit the park? 4.95 (1.98) 4.26 (2.15) 0.001 

Social cohesion    

7. Do you feel safe in your area? 5.30 (1.61) 4.69 (2.05) 0.001 

8. Can you take part in the decision-making to improve the 

environment in which you live? 
3.50 (2.11) 3.00 (2.28) 0.019 

9. During the last 6 months, have you felt stress, tension, or 

anxiety? 
4.32 (1.80) 3.54 (2.00) 0.000 

All neighbourhood perception scores ranged from 1 to 7: 1 = strongly disagree, and 7 = strongly agree. Higher scores 

indicate better neighbourhood conditions.  
 

Results of testing H2. During evaluation of the relationships 

between perceived environmental quality, ecological education 

impact, physical activity level, and self-rated poor health and 

stress we conducted univariate and multivariate logistic 

regression analysis controlling for co-variates that may impact 

the strength of the associations (Table 5). All multivariate results 

were adjusted for co-variates: sex, education level, age, smoking 

status, and income, and the strength of the association was           
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determined as odds ratios and their 95% confidence intervals 

(CI). Traffic flow tends to increase the odds ratios of poor health 

risk and stress; however, the associations were not significant. 

Perceived poor environmental quality was associated with 

significantly increased the odds ratios for poor health risk and 

stress. The odds of poor health risk among those participants 

who perceived high ambient air pollution were 2.58 (1.69-3.94) 

times higher compared to those of individuals who gave higher 

scores to ambient air quality. The odds of poor health risks and 

stress among regular visitors to the park were significantly lower 

compared to those of irregular visitors to green spaces (adjusted 

OR 0.56 (0.38-0.82) and 0.69 (0.51-0.95)). Consistent 

associations in univariate and multivariate models demonstrate 

that regular visits to the park were independently associated with 

health risk in the studied population and that regular physical 

activity in green spaces might significantly decrease the risk for 

poor health and stress. 

 

Table 5: Multivariate logistic regression models of perceived neighborhood quality and physical activity on poor health, and stress 

in 45-64-year-old participants. 
 

Independent variables 

Dependent variable models 

Poor health Stress (<mean) 

Univariate OR 

(95% CI) 

Multivariate OR* 

(95% CI) 

Univariate OR 

(95% CI) 

Multivariate OR* 

(95% CI) 

Quality of pathways and cycling routes  

<mean score 1.93** (1.32-2.81) 1.95** (1.34-2.85) 1.67** (1.22-2.29) 1.68** (1.22-2.30) 

Green spaces by walking 

<mean score 1.97** (1.36-2.87) 2.01** (1.38-2.92) 1.67** (1.24-2.27) 1.69** (1.25-2.29) 

Available relaxation area 

<mean score 1.56** (1.08-2.26) 1.58** (1.09-2.31) 1.02 (0.76-1.37) 1.04 (0.77-1.40) 

Perceived air pollution  

<mean score 2.57** (1.69-3.91) 2.58** (1.69-3.94) 1.72** (1.27-2.34) 1.70** (1.25-2.31) 

Safety in the district  

<mean score 1.45 (0.99-2.11) 1.47** (1.01-2.14) 2.04** (1.51-2.75) 2.07** (1.53-2.79) 

Traffic 10,000 cars/day  

Yes (vs No) 1.29 (0.87-1.91) 1.29 (0.86-1.92) 1.16 (0.84-1.61) 1.18 (0.85-1.64) 

Visits to the park   

Regular (vs Irregular) 0.58** (0.40-0.84) 0.56** (0.38-0.82) 0.73** (0.54-0.98) 0.69** (0.51-0.95) 

Physical activity  

Recommended (vs Low) 0.82 (0.51-1.33) 0.81 (0.50-1.31) 0.70 (0.48-1.02) 0.70 (0.48-1.01) 

Ecological education impact level  

Hight (vs Low) 0.62** (0.41-0.92) 0.61** (0.41-0.92) 0.73** (0.53-0.99) 0.72** (0.53-0.98) 

OR, odds ratios; *adjusted for: sex, education level, age, smoking status, and income; Neighbourhood quality scales 

ranged from 1 to 7. For all scales, the referent group is the mean score or above; **p<0.05. 

 

These data provide evidence that perceived air pollution is a risk 

factor of self-rated poor health, and that physical activity in 

green spaces should be used as an effective measure for a 

decrease of poor health risk. 
 

Discussion 

This is one of the first study of environmental science 

communication as an integrated process in environmental 

research that examines the complicated relationships among 

environmental quality and ecological education impact on 

participants ‘environmental quality perception, health behavior 

and self-rated health. The complex research, using a cross-

sectional study design and mathematical modeling, assessed the 

relationship between urban-built, perceived neighborhood 

environments, and self-rated health controlling the impact of 

confounding variables. This epidemiological study provided 

evidence that science communication using ecological 

education and evidence-based data had a positive impact on 

participants' ecological literacy, health behavior, and health. The 

research results are used in environmental policy and public 

health practitioners in designing intervention programmes to 

improve the health of the residents.  

Our framework for science communication methods comprised 

organizing scientific-practical conferences, engaging 

participants in discussions, data acquisition, and presenting a 

research data that inform policy and promote decision-making 

at local, national, and global scales. The impact of science 

communication on most participants was found to be significant, 

with improved intentions to use the skills learnt in their lives and 

the ability of policy makers to influence environmental and 

health issues. The high-impact communication outcome was 

associated with a better perception of environmental quality, 

regular physical activity in parks, and better self-rated health. 

About half of participants recognized that residential air 

pollution causes health problems, and as many as 80.4% of 

participants stated that greater physical activity in the green 

environment might improve their health. The findings show that 

problem-based education through the improvement of science 

literacy significantly impacts environmental quality perception. 

In this population sample, the high impact participants more 

often had a significantly lower stress level, rated their health as 

“good”, and regularly visited the park, compared to low impact 

participants. However, the recommended physical activity level  
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is low in both groups and there is a big potential to increase 

physical activity by walking in the parks. The data suggests that 

personality, subjective attitudes, priority, and low levels of 

motivation may be contributing factors to low levels of physical 

activity. This is in line with the previous studies’ findings on the 

participants’ gains in ecological knowledge and abilities to 

recognize environmental-level problems, however, little 

influence on changes in the participants’ behavior or their 

activities to impact the situation [4,27].  
 

Strengths and limitations of the study 

The study strengths include a population sample, a traditional 

epidemiological analytical study approach, the use of formalized 

questionnaires, and standardized multivariable analytical 

methods for the assessment of associations. Neighborhood 

traffic flow was determined using validated GIS-based 

measures, and physical activity measures included certified 

sensors for validating self-reported physical activity in green 

environments. These measures and outlined participants’ 

environmental and health concerns helped us to gain new 

knowledge about the neighborhood and health, about the 

associations between the participants’ increased knowledge, 

self-rated health status, and the positive effect of regular 

physical activity in city parks on participants health. The 

findings revealed an advancement of environmental science 

communication associated with problem-based ecological 

education. The quantitative and qualitative measurements and 

use of scientific research principles generated high-quality data 

[50]. 
 

A key study limitation was the cross-sectional design, which 

ruled out the possibility of determining causality but confirmed 

the hypothesized associations between environmental issues and 

health risk. Also, usage of self-reported characteristics cannot 

exclude the residual confounding. Self-rated outcome impact 

appreciated as an education outcome during the study, had the 

potential to produce random errors in assessing the study 

outcomes. We used self-rated health status; however, to ensure 

that the data could be used in policy making, we compared self-

rated “poor” health cases with the physician-diagnosed major 

chronic diseases of every study participant and found good 

concordance. Even though the acknowledged limitations can 

produce random errors, this study has the potential to present 

evidence-based findings which might enhance public 

understanding of links between the environmental quality and 

health issues through the results of the epidemiological study.  
 

Obtained important findings 

Testing scientific hypotheses, we have confirmed the 

hypothesized pathways linking environmental quality to health 

issues. Science communication and the use of problem-based 

education improved science literacy and ecological knowledge 

and significantly impacted environmental quality perception. 

The findings showed that residential road traffic had an impact 

on the perception of air pollution. These data are in line with 

environmental studies that acknowledged traffic-related 

environmental exposure levels determine health impact levels 

[19]. Our findings showed that the participants with perceived 

air pollution more often had increased risks of stress and self-

rated poor health. Self-rated poor health was associated with the 

presence of major environment-related chronic non-

communicable cardiovascular diseases and was the result of 

complex environmental exposures, stress, and health behavior, 

including low physical activity in the natural environment. This 

hypothesized pathway is supported by the representative 

population cohort study findings showing that cardiovascular 

risk factors are significantly lower among park users for 

physical activity than among non-users [38]. This study’s 

findings showed that perceived poor environmental quality and 

low physical activity are independent variables that impact 

stress and self-rated poor health risks. The stress risk among 

regular visitors to the park was 31% lower compared to that of 

irregular visitors to the park, and the odds for poor health risk 

decreased by 44%. Consistent associations in mathematical 

models controlling for confounding variables demonstrate that 

regular visits to the park were independently associated with 

health risk outcomes in the studied population. The findings 

suggest that there is a good opportunity to increase 

recommended physical activity levels in a natural environment 

which might significantly decrease the risk of poor health and 

stress by reaching moderate physical activity levels during 

walking. This hypothesized pathway is supported by the 

randomized control trial of citizens suffering from 

cardiovascular problems [40]. This controlled field study 

presented evidence that moderate physical activity in a city park 

has a positive effect on participants’ stress hormone cortisol 

levels and hemodynamic parameters. Investigating the impact of 

perceived environmental quality on adults' health and life 

satisfaction, it has been found that a better perceived 

neighborhood environment promotes physical activity [51], 

influences attitudes, and might reduce the intention-behavior 

gap [52].  
 

Data from our environmental epidemiological study and 

previously reported findings confirm the possible 

pathophysiological pathways and the beneficial effects of 

exposure to the natural environment. Exposure to green spaces 

has been shown to reduce stress, anxiety and cortisol levels, and 

has a restorative effect on health [26,53]. 
 

The obtained data present evidence that regular physical activity 

in green spaces is an effective measure to reduce poor health 

risk. The perceived high air pollution in the place of residence 

should be a target of health policy to improve the situation, 

which comprises both measures: increasing physical activity in 

the park and controlling traffic-related emissions. Stronger 

green space-health effects in city parks might be explained in 

part by the pathways underlying these associations (i.e., lower 

air pollution, less noise, reducing chronic stressors, manifest in 

homeostasis) and the modification effects of physical activity on 

health [24,54]. In general, green space might yield a wide range 

of health positive effects on both short-term and long-term 

health outcomes, suggesting how important it is to support 

decisions on urban green space accessibility and how beneficial 

for health walking in green environments can be [53]. 
 

Conclusion 

In this research, science communication was part of the whole 

environmental epidemiological research of participants health 

risk evaluation. The findings show that science communication 

using problem-based ecological education improves 

participants’ natural science literacy, and significantly impacts 

environmental quality perception associated with health issues. 

These outcomes are important for health behavior and physical 

activity in green environment, but their effect size for achieving 

the recommended level of physical activity is small at the 

studied population sample level. Exists a big gap between the 

knowledge of physical activity benefits personal health and real  
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physical activity, which might be a result of subjective attitudes 

that impact personal behavior changes, and personality. The new 

findings from the current study point to the important role of 

environmental quality perception and regular physical activity 

in parks in decreasing the effect of perceived air pollution on 

chronic stress and poor health risk. This study provides scientific 

evidence for health policy that perceived ambient air pollution 

should be treated as an indicator of poor environmental quality 

increasing citizens health risk. Improving the urban environment 

and the accessibility of parks by walking can reduce the citizen's 

health risks, stress levels, and the prevalence of environment-

related chronic non-communicable diseases. Future research 

should use science communication to promote scientific 

advancement for sustainable development by interaction with 

diverse audiences to awareness raising. Understanding nature’s 

impact pathways could expand the appropriate use of the green 

environment to improve psychological and physical health.  
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