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The Prospective Urban and Rural
Epidemiological Study (PURE)
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 PURE: 160,000 adults (35-70), from 800 urban/rural communities in
27 low-, middle- and high- income countries.

« Started in 2004 (Bangalore, India) with ongoing enrollment and follow-up.

« Comprehensive baseline data collection: individual/household data, medical
history, blood collection, lung function.

« Follow-up conducted every 3 years to document health events.




CVD Events at 5 Years

129 B High-income country |1 Middle-income country [l Low-income country

10 P<0.001 for trend P<0.001 for trend P<0.001 for trend

Incidence (per 1000 person-yr)

Major Cardiovascular Fatal Cardiovascular Death from Any Cause
Disease Disease
Hazard Ratio 1.00 1.37 1.58 1.00 3.28 6.05 1.00 2.46 3.66

Major CVD = death from CV causes, stroke, Ml and HF Yusuf et al NEJM 2014



Traditional CVD Risk Factors

B Urban areas | Rural areas
P<0.001
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P<0.001
P<0.001
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High income Middle income Low income

Country Economic Status

INTERHEART risk score: age, sex, smoking status,
diabetes, high blood pressure, family history of
heart disease, waist-to-hip ratio, psychosocial
factors, diet, physical activity.

Yusuf et al NEJM 2014



PURE-AIR

PURE-AIR added an ancillary air pollution
study to the existing PURE cohort.

1. Air pollution exposure assessment

2. Repeat lung function measurements
3. Epidemiological analyses
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Summary of Air Pollution
xposure Assessments in PURE

PM,.: 10 km
Prediction

NO,: 100 m
Prediction

Air Monitoring &
GPS (48 hrs)

PM, 5 (ng/m3)
- High : 135
S low: o
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e Low: 0

Beijing, China
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Outdoor PM, . Exposure Assessment

« Cannot rely on existing air
pollution monitoring in

many LMICs. e - -
. MODIS MISR
. Us_e satellite-based Imagifl Riaging
estimates of long-term Spectroradiometer | Spectroradiometer
PM, ;. air pollution _
concentrations.

« Global R? 0.91 with RMSE
of 10.7 pg/ms3.

Van Donkelaar et al. EHP 2016
Shaddick et al. EST 2018



Outdoor PM, . Exposure Level
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Daily 2012 NO, Estimates at Four Hospitals in Four Hemispheres
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20+

151
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New York Presbyterian/Lower Manhattan Hospital
New York City, USA
40.7103 N, 74.0053 W

354

304

25

F. J. Muniz Hospital »
Buenos Aires, Argentina
34.6405S, 58.3921W

Khagelitsha Hospital
Cape Town, South Africa
34.0506 S, 18.6750 E




Household & Personal Air Monitoring

Household (n=2,500) and personal (n=1,400) samples collected in rural
PURE communities with >10% biomass use for cooking.

UPAS monitor collected filter-based air samples.
Measured PM, - and Black Carbon concentrations.

Sub-set of individuals (n=600) wore wristband samplers to measure 1,500
organic chemicals and PAHSs.




Standardized Equipment, Protocols, Trainin







Monitoring Results

2,541 households and 1,250
individuals in 120 communities.

Strong gradient in PM, ; by
cooking fuels.

Average PM, ; measurements for
all fuel types above the WHO
Target-1 (35 ng/m3).

Minor differences between

average male and female PM, ;
exposures (varied by country).

PURE-AIR measures double the
available HAP PM, ; samples in
the WHO database.
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PURE-AIR Epidemiology
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. Few studies conducted in developing countries and at

moderate-to-high PM, ; levels.

2. Important population differences and co-exposures.

3. No study of household air pollution and CVD incidence.



Outdoor PM, .
(per 10 ug/m?3 increase)

Model Model Variables

1-09 1-05 1-08
a
CVD Events 9152 1.07-111)  (1-03-1:07)  (1:01-1-16)

1-07 1-03 1-11
4
_ 083 (1.05-110) (1:00-1:06) (1:02-1-21)
1-13 1-07 1-11
4 1
m 9 (110-115) (1:05-110)  (1:00-1:22)

1-07 1-03 1-12
VDD h 21
3219 (1.04-110)  (1-00-106) (1:02-1-23)
1-01 0-98 1-08
b
999 0.99.1.03) (0-96-0-99) (1-01-1-15)

Base: Age, sex, baseline year, community random effect.

Adjusted: Model 1 plus smoking status, physical activity, PURE diet score, waist to hip ratio, INTERHEART risk score, use of solid
fuels for cooking, education level, household wealth index, occupational class, baseline chronic condition, use of CVD medication,
and hypertension status, urban/rural status, baseline country GDP per person, community lights at night satellite data (indicator of

local economic activity), and a national or regional healthcare access & quality index.

Fixed effects: Model 3 with a fixed effect for each center urban/rural area.

a Death from cardiovascular causes and non-fatal myocardial infarction, stroke, and heart failure- Each sub-category includes fatal
and non-fatal events. P All deaths excluding injuries.

Hystad et al. LPH 2020



Concentration-Response

Hazard Ratio
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All-Cause

Each sub-category includes fatal and non-fatal events.
b All deaths excluding injuries

Cooking with Solid Fuels o
g Bangalore, India |
Chennai, India .
Versus Clean .
Trivandrum, India HEH
Chandigarh, India =
Bangladesh P
Pakistan +—»
Events Adjusted South Asia Pooled HR .
MOdel Yunnan, China
£l ]
Qinghai, China —
5 472 1 14 1 08 Beijing, China [
Jiangsu, China -
Shanxi, China B —
1.12 1.07 ' Chi
. . Shaanxi, China p—e—
2 363 i G :
Liaoning, China |
(1 OO’ 1 26) (094’ 1 22) Jiangxi, China —
1 ) 1 6 1 ) 1 2 Inner Mongolia, China ——
2 685 X?njiang, China |
(1.03, 1.30) (0.99, 1.17) sSichuan, China —_—
Ina Foole
1.18 1.04 China Pooled HR b 4
2104 ' '
(1 04’ 1 34) (091 , 1.1 9) Potchefstroom, South Africa m—
Cape Town, South Africa —=—
_ 1.24 1.12 Tanzania -~
[Na= AN 91,350 6595 Colombia .
’ (1.16, 1.34) (1.04, 1.21) Zimbabwe N
Model 1: Age, sex, baseline year, strata for center and urban/rural status, INTERHEART risk score, Brazil I;
smoking, physical activity, alcohol use, alternative healthy eating index, BMI, baseline chronic Ch_'l_e N :
" . o . : Philippines =
condition, baseline CVD medication use, baseline hypertensive status, outdoor PM25. 5
Model 2: Model 1 + education, percentage income spent on food, and strata for household wealth Other Countries Pooled HR 0
index tertile. :
a Death from cardiovascular causes and non-fatal myocardial infarction, stroke, and heart failure- All Countries Pooled HR ‘
T T T 1

Hystad et al. EHP 2019 025 05 1 2 4



Households Switching from Solid to
Clean Fuels During Follow-Up

Respiratory
Events
HR (95% CI

Mortality

HR (95% Cl)

Persistent solid fuels 4520 ref ref

0.76 0.85
(0.57, 1.00) (0.62,1.17)

Model 1: Age, sex, baseline year, strata for center and urban/rural status, INTERHEART risk score, smoking, physical activity, alcohol use, alternative
healthy eating index, BMI, baseline chronic condition, baseline CVD medication use, baseline hypertensive status, outdoor PM25.
Model 2: Model 1 + education, percentage income spent on food, and strata for household wealth index tertile.

Switched to clean fuels 3901

a Death from cardiovascular causes and non-fatal myocardial infarction, stroke, and heart failure- Each sub-category includes fatal and non-fatal events.
b All deaths excluding injuries

Wang et al. EHP 2023



MR-BRT Curve

Stroke, Full Exposure Range
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MR-BRT Curve
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PURE Integrated Analysis of
Modifiable Risk Factors for CVD

30+

204

PAF (%)

104

0- F——F
HTN High Household Tobacco Poor Low Abdo DM Low Grip Low Phys Depress Excess
Non-HDL Pollution Diet Education Obesity Strength  Activity Alcohol

Yusuf et al. Lancet 2020



PURE Integrated Analysis of
Modifiable Risk Factors for Mortality

20

**
Low Tobacco Low Grip  Poor HTN  Household DM Abdo Depress Low Phys Excess High
Education Strength Diet Pollution Obesity Activity  Alcohol Non-HDL

Yusuf et al. Lancet 2020



Lung Function
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0 20 40 60 80 100 0 2 40 60 80 100
Ambient PM, 5 (ug/m3) Ambient PM, 5 (ug/m3)
FEV1 ml FVC ml FEV1/FVC %
B (95%ClI) B (95%CI) B (95%ClI)
Clean cooking fuels ref ref ref
Solid cooking fuels 175 14.4 0.1
9 (-32.7,-2.3) | (-32.0, 3.2) (-0.4, 0.2)

Adjusted for: Age, sex, baseline year, strata for center and urban/rural status, INTERHEART risk score, smoking, physical activity, alcohol use,
alternative healthy eating index, BMI, baseline chronic condition, baseline CVD medication use, baseline hypertensive status, outdoor PM25,
education, percentage income spent on food, and strata for household wealth index tertile.

Wang et al. EHP 2023



Measured PM, . and
Respiratory Symptoms

I
OR, 95%ClI OR, 95%ClI

Individual Symptoms

Breathlessness 135 1(0.98, 1.25) 1.08 (0.91, 1.28)

1.1
Cough at least 2 weeks 94 1.22 (1.06, 1.39) 1.06 (0.87, 1.30)
98 1.26 (1.10, 1.44) 1.19 (1.00, 1.41)
Wheezing/chest whistling 48 1.25 (1.07, 1.46) 1.23 (1.00, 1.50)
1.1

 Sputum
Respiratory function impairment REujXi
Number of Symptoms¢

2 Symptoms 48  1.22(1.03,1.44)  1.12(0.90, 1.39)
>3 Symptoms 57  1.25(1.06,1.48)  1.20 (0.98, 1.48)

*Scaled per IQR (119.1 ug/m?3) increase in household PM, ; and IQR (91.5 ug/m?3) increase in personal PM, 5
aNumber of individuals reporting symptoms. Total sample size is 870.

1(0.94, 1.30) 1.20 (1.01, 1.43)

Adjusted model: Age, sex, current smoker, second-hand smoke exposure, education, household wealth index,
ambient annual PM

Wang et al. Env. Research 2022



Total Air Pollution Exposure
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Research Collaboration and
Logistics

PURE-AIr feasible due to the long-standing collaborations
and buy-in from local PURE investigators.

Local field staff (no experience with air sampling) were
able to effectively collect air pollution measures.

Study built local capacity for air pollution research - many
new local and country projects and analyses.

Don’t underestimate logistic challenges — survey
translation, shipping, local IRB, sending money, power....

Data overload!
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Thank You!

Perry.Hystad@oregonstate.edu
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