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Environmental change burdens health

Source: WHO
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Existing studies emphasized SDOH

Five components of social determinants of health (SDOH):

• Economic stability (Murray, 2003; Sommers et al., 2017)

• Education access and quality (Vable et al., 2020)

• Health care access and quality (Herman et al., 2011)

• Neighborhood and built environment (Penney et al., 2015)

• Social and community context (Clair et al., 2021)

Source: OASH
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Related work showed environmental impact

• Rural mortality penalty exists, with such penalty being
highest in high-poverty rural communities (Cosby et al.,
2019)

• Rising temperature increased mortality in both rural
(James, 2014; Rhubart & Santos, 2023) and urban settings (Lowe,
2016; Cleland et al., 2023)

• Air pollution caused cardiovascular and respiratory
diseases among people exposed for both short (Ye et al.,

2022) and prolonged periods (Raaschou-Nielsen et al., 2023)

• Green space tended to attenuate all-cause and
cardiovascular mortality (Coutts et al., 2010)

Source: The Lancet; The Innovation
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What we do…

1. Investigate the nonlinear environmental impacts on cause- and age-specific mortality

2. Test whether rural mortality penalty persists across cause- and age-specific mortality
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Measure mortality rates using the IHME data 

• Cause-specific mortality rates
1. Chronic respiratory (CR) diseases
2. Cardiovascular (CV) diseases

• Age-specific mortality rates
1. 0 – 1
2. 1 – 14
3. 15 – 64
4. 65+
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Measure environmental factors from grid data
(A) County boundary

(B) Grid temperature

(C) County temperature
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Fixed-effects modelling

,௧  ,௧  ௧ ,௧

,௧ are the mortality of county i at time t

,௧ is a matrix of environmental, socioeconomic, and demographic factors

 and are intercept and coefficient estimates, respectively

 and ௧ are county and year fixed-effects, respectively

,௧ is the error term
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Mortality shows age/cause specific patterns
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Temperature
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PM2.5
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NDVI
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Takeaways

1. Temperature showed non-linear effects and a rural mortality penalty for teenagers
and adults, but not for the elderly

2. Air quality lowered CR-related mortality but increased CV-related mortality among
infants and teenagers in rural counties and working-age adults in urban counties

3. Greenness coverage influences mortality, but not as much as temperature and air
quality did
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Implications for research and policy-making

1. Rural mortality penalty exists but not uniformly across all ages or causes of death

2. Policy-making should prioritize addressing the unique health challenges specific to
different age groups and regions

3. Additional unobserved behavioral, pathological, and context-specific factors
deserve further investigation

• Exposure avoidance
• Early warning system
• Advanced medical treatment
• Pathological differences between CR and CV diseases
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Thank you

Questions?
Email Dr. Shuai Zhou at sz675@cornell.edu
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Appendix
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Data sources

Data sourceVariable
Dependent variable

Institute for Health Metrics and EvaluationCause-specific mortality rates
Environmental factors

Parameter-elevation Regressions on Independent Slopes ModelTemperature
Atmospheric Composition Analysis GroupPM2.5

National Center for Atmospheric ResearchNDVI
Sociodemographic factors

American Community SurveyHousehold income
American Community Survey% College graduate
American Community Survey% Health insurance
The US Office of Management and BudgetCounty metropolitan status
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Descriptive statistics
MaxMinSDmeanN
187.26218.14619.00374.59333,924CRAll

5.0750.6150.5932.03533,924CR0-1

1.5310.1740.1810.55033,924CR1-14

76.5373.9127.92218.59133,924CR15-64

1,335.552161.624133.552515.31933,924CR65+

638.87373.10354.834273.33433,924CVAll

25.5813.2622.97912.62133,924CV0-1

2.0620.3020.2360.82933,924CV1-14

269.20820.83432.70888.45433,924CV15-64

4,912.635652.433386.1002,002.76733,924CV65+

78.80931.7478.40654.94534,199Temperature
14.0162.9681.6967.34334,199PM2.5
0.5230.0600.0590.23934,199NDVI
184.41630.94916.10365.67534,192Income
93.3026.28310.90349.95134,193College
97.90057.3006.05585.29834,193Insurance
1.0000.0000.4840.37334,199Metropolitan county
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Regression table
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