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Methods

Socioeconomic status score
Socioeconomic status was defined as a composite wealth score derived by applying multiple correspondence analysis (MCA) to data on household assets (e.g. personal car, washing machine) [1].

Spatial environmental factors
We developed exposure variables for eight prespecified spatial environmental factors (SEFs) using a combination of GCS data and publicly available datasets. Environmental exposures were assigned according to year of enrollment. Data sources and related methodologies are summarized below and in S1 Table.

Ambient air pollution: Ambient air pollution exposures were assigned to individuals based on average annual estimates of ground-level PM2.5 in μg/m3 at their assigned geocode. Estimates were derived by combining aerosol optical depth retrievals from the NASA MODIS, MISR, and SeaWIFS instruments with the GEOS-Chem chemical transport model, and subsequently calibrated to global ground-based observations of PM2.5 using geographically weighted regression [2, 3]. Estimates are available at a resolution of 0.01° × 0.01° of latitude and longitude (approximately one kilometer square). Exposures were quantified as cumulative air pollution exposure for the 5 years prior to enrollment, and divided into quartiles for analysis.

Household fuel use and ventilation: Household fuel use was documented on enrollment in the GCS. Fuel use was categorized as biomass fuel, kerosene fuel, gas, or mixed fuel use. The presence or absence of a chimney for ventilation was also documented.

Socioeconomic environment: To estimate socioeconomic environment at each geocode, we used the median MCA score for all individuals in the village or urban neighborhood assigned to that geocode [1]. Individual MCA score was also used as a covariate in the analysis.

Proximity to traffic: We developed a map of all paved high-speed highways in Golestan. Highways were divided into major highways (multi-lane connecting major population centers) and minor highways (two-lanes connecting smaller population centers). The radius of exposure is larger for major roads with higher traffic throughput [4]. Accordingly, individuals were designated as living in proximity to traffic if their assigned geocode fell within 100 meters of a minor highway or within 500 meters of a major highway. Individuals not meeting either criterion were designated as not living within proximity to traffic.

Distance to health care services: Each individual was assigned a distance to the nearest center with capabilities for PCI, calculated as the straight-line distance from the health facility to an individual’s geocode [5].

Population density: Local population density (persons per square kilometer) was assigned to each individual according to estimates of population density on year of enrollment at the individual’s geocode. Estimates were provided by the LandScan platform, which uses spatial data, satellite imagery, and multi-variable dasymetric modeling to estimate population density at a resolution of one square kilometer [6].

Nighttime light exposure: Average annual nighttime light exposure was assigned to each individual according to estimates at the individual’s geocode. Estimates were provided by the National Oceanic and Atmospheric Administration Centers for Environmental Information, which uses composite satellite imagery from the Defense Meteorological Satellite Program – Operational Linescan System to provide light intensity values at a resolution of 30 arc seconds square [7].

Land use: Land use at place of residence was assigned to each individual according to land use data on year of enrollment at the individual’s geocode. Estimates were provided by the USGS global land cover survey, which employs satellite imagery to define local ecology at a resolution of 500 meters square [8]. Individuals were assigned to one type of land use, as per the USGS Land Cover NLCD 92 definitions [8]: urban, cropland, open shrubland, grassland/savanna, and barren.

Individual geocodes
Each individual was assigned a geocode (latitude and longitude) based on residence location. Geocodes were assigned to individuals living in rural villages according to the geographic center of their village. Since most rural villages have fewer than 100 residents, most individual residences were close to this geographic center. For individuals living in Gonbad City, geocodes were assigned according to the location of their primary health center, typically within a few blocks of their residence. In the Golestan Cohort, each of 40,013 individuals living in rural villages was assigned one of 337 village geocodes, while each of 10,032 individuals living in Gonbad City was assigned one of 286 urban geocodes.

Patient and public involvement
Prior to developing the study, the research group informed local authorities, university officials, physicians, elders, and religious leaders about the aims of the Golestan Cohort Study. Local residents and physicians were consulted about various exposures, as well as appropriate ways of asking questions. All interviews, data, and sample collection were performed by trained local residents. Results of blood testing were reported to participants. All participants received cohort membership cards, which allowed them to use certain medical services for free in a clinic established by the research team. Salient results are routinely shared with the Ministry of Health, university officials, local physicians, and the public.
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S1 Fig: Summary of study design. Enrollees in the Golestan Cohort Study were randomized into Derivation and Validation cohorts. The Derivation cohort was used to generate a multivariable survival model incorporating spatial environmental and individual factors to predict all-cause and cardiovascular mortality. This model was subsequently tested on the separate Validation cohort.
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S2 Fig: Population-attributable fractions (PAFs) for selected individual risk factors and spatial environmental factors. PAFs estimate the fraction of total disease risk in the population that would be eliminated (or added) if the risk factor were eliminated from the population (i.e., if all individuals with that risk factor were moved to the reference category). IHD = ischemic heart disease. CVA = cerebrovascular accident (stroke). PM2.5 = fine particulate matter air pollution.





	S1 Table: Data sources for spatial modeling of environmental risk factors

	Environmental risk factor
	Methodology

	Ambient PM2.5 exposure
	Average annual exposures were assigned to geocodes according to a model combining aerosol optical depth from NASA MODIS, MISR, SeaWIFS satellite instruments with GEOS-Chem chemical transport model, and subsequently calibrated to global ground-based measurements using geographically weighted regression [2, 3].

	Household fuel use and ventilation
	Fuel use patterns were documented for households at time of enrollment in the GCS [9].

	Proximity to traffic
	Geocodes were categorized as within proximity to traffic if they were within 500m of a major highway, or within 100m of a minor highway, as defined by GCS collaborators based in Golestan [9].  The radius of exposure was larger for major roads with higher traffic throughput [4, 10, 11].

	Proximity to health center
	Proximity was defined as the straight-line distance from each geocode to the nearest percutaneous coronary intervention center [9].

	Neighborhood socioeconomic status
	Neighborhood socioeconomic status was assigned to each geocode based on the median socioeconomic score of all individuals enrolled at that geocode. Individual socioeconomic score was derived by applying multiple correspondence analysis (MCA) to appliance ownership data recorded in the GCS [1].

	Local population density
	Population density was assigned to each geocode according to the LandScan model [6], combining spatial data, satellite imagery, and multi-variable dasymetric modeling.

	Light at night
	Average annual nighttime light exposure was assigned to each geocode according to light intensity estimates from the Operational Linescan System of the Defense Meteorological Satellite Program [7].

	Local land use
	Local land use was assigned to geocodes according to the USGS global land cover survey and NLCD 92 land cover definitions [8] based on satellite imagery of local ecology.


Methodologies used to develop high-resolution spatial exposure models for each of the studied environmental risk factors. Individuals were assigned exposures to each environmental risk factor based on these models. Data sources and methodologies are provided as citations. Please see Data Sharing Statement for information on how to access GCS-specific data.



	S2 Table: Univariate hazard ratios for spatial environmental factors

	Spatial environmental factor
	Hazard ratio [95% CI]

	
	         Cardiovascular mortality                        All-cause mortality

	Ambient PM2.5 (μg/m3, reference = quartile 1)
     Quartile 2
     Quartile 3
     Quartile 4
	1.02 [0.90, 1.17]
1.06 [0.93, 1.21]
1.05 [0.95, 1.18]
	1.01 [0.91, 1.11]
1.05 [0.96, 1.14]
0.96 [0.88, 1.05]

	Household fuel use (reference = gas)
     Biomass without chimney
     Biomass with chimney
     Kerosene without chimney
     Kerosene with chimney
     Mixed fuel use
	1.52 [1.14, 2.02]
1.19 [0.99, 1.42]
1.13 [1.00, 1.28]
0.86 [0.75, 0.98]
1.06 [0.91, 1.24]
	1.56 [1.28, 1.90]
1.31 [1.16, 1.48]
1.18 [1.09, 1.28]
0.94 [0.86, 1.03]
1.04 [0.93, 1.16]

	Proximity to traffic (reference = no)
	1.06 [0.98, 1.14]
	0.95 [0.95, 1.00]

	Distance to PCI center (per 10 km)
	1.02 [1.01, 1.03]
	1.02 [1.01, 1.03]

	Neighborhood SES score
	0.58 [0.43, 0.79]
	0.43 [0.35, 0.53]

	Population density (per 1000 persons/km2)
	1.00 [0.99, 1.02]
	0.99 [0.98, 1.00]

	Light at night intensity
	1.00 [1.00, 1.00]
	1.00 [1.00, 1.00]

	Land use (reference = urban)
     Cropland
     Shrubland
     Grassland/savanna/barren
	0.98 [0.89, 1.07]
1.13 [0.99, 1.30]
1.03 [0.89, 1.19]
	1.13 [1.06, 1.20]
1.16 [1.06, 1.28]
1.15 [1.04, 1.27]


Univariate (unadjusted) hazard ratios for cardiovascular and all-cause mortality associated with eight SEFs. Three SEFs predicted both cardiovascular and all-cause mortality: household fuel use (biomass without chimney, kerosene without chimney), distance to PCI center, and neighborhood SES. Additionally, land use (cropland, shrubland, or grassland/savanna/barren) predicted of all-cause mortality in the univariate model. In the multivariable model incorporating all eight SEFs as well as individual factors, neighborhood SES and land use mix were no longer demonstrated clear relationships with mortality (Table 4). PM2.5 = fine particulate matter air pollution. PCI = percutaneous coronary intervention. SES = socioeconomic status.



	S3 Table: Population attributable fractions for individual and spatial environmental factors

	Individual risk factors
	Cardiovascular mortality
	All cause mortaliity

	Male sex (reference = female)
	0.40
	0.38

	Turkmen ethnicity (reference = all others)
	0.05
	0.09

	Married (reference = all others)
	-0.15
	-0.16

	Illiteracy (reference = all others)
	0.15
	0.09

	SES  (reference = quartile 1)
	 
	 

	     Quartile 2
	-0.08
	-0.15

	     Quartile 3
	-0.30
	-0.24

	     Quartile 4
	-0.40
	-0.39

	Physical activity (reference = tertile 3)
	 
	 

	     Tertile 1
	0.26
	0.28

	     Tertile 2
	0.10
	0.21

	History of IHD or CVA (reference = none)
	0.43
	0.25

	History of diabetes (reference = none)
	0.41
	0.35

	History of hypertension (reference = none)
	0.42
	0.25

	Current tobacco use (reference = never)
	0.16
	0.12

	Former tobacco use (reference = never)
	0.20
	0.19

	History of opium use (reference = never)
	0.28
	0.26

	History of alcohol use (reference = never)
	0.01
	0.06

	Spatial environmental factors
	
	

	Ambient PM2.5 (μg/m3, reference = quartile 1)
	 
	 

	     Quartiile 2
	0.09
	0.06

	     Quartile 3
	0.08
	0.07

	     Quartile 4
	0.14
	0.15

	Houseehold fuel use (reference = gas)
	 
	 

	     Biomass without chimney
	0.24
	0.15

	     Biomass with chimney
	0.09
	0.04

	     Kerosene without chimney
	0.15
	0.07

	     Kerosene with chimney
	-0.02
	-0.02

	     Mixed fuels
	0.02
	-0.02

	Proximity to traffic (reference = no)
	0.11
	0.03

	Land use (reference = urban)
	 
	 

	     Cropland
	-0.07
	0.06

	     Shrubland
	0.03
	0.04

	     Grassland/savanna/barren
	-0.09
	0.02


Population attributable fractions (PAFs) for all categorical individual risk factors and spatial environmental factors. PAFs estimate the fraction of total disease risk in the population that would be eliminated (or added) if the risk factor were eliminated from the population (i.e., if all individuals with that risk factor were moved to the reference category). SES = socioeconomic status. IHD = ischemic heart disease. CVA = cerebrovascular accident (stroke). PM2.5 = fine particulate matter air pollution.
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