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Key considerations 
 in designing 

 Epidemiological Studies 



What is the motivation for a epidemiological study?  

• Initial epidemiological study to include air pollution in a 
population or geography 

• Need to strengthen evidence for strength of association with 
specific health outcome(s) 

• Need to develop exposure-response relationships 

• Need to address risk (mis)-perceptions 

• Need to inform air quality actions/choice of interventions 

• Need to evaluate on-going programs addressing air quality 

• Need to be the saviour of the world !  

 



Where would you find the best possible summary of 
the epidemiological evidence? 



What are the WHO Air Quality Guidelines 



What constitutes an adverse health effect of air 
pollution: ERS/ATS statement  

Thurston et  al . , Eur Respir J 2017 

Update of the WHO global air quality guidelines: Systematic 

reviews – An introduction 

Román Pérez Velasco⁎ and Dorota Jarosińska (Env. Intl. 2022) 

https://pubmed.ncbi.nlm.nih.gov/?term=P%C3%A9rez Velasco R[Author]
https://pubmed.ncbi.nlm.nih.gov/?term=P%C3%A9rez Velasco R[Author]
https://pubmed.ncbi.nlm.nih.gov/?term=P%C3%A9rez Velasco R[Author]
https://pubmed.ncbi.nlm.nih.gov/?term=Jarosi%C5%84ska D[Author]
https://pubmed.ncbi.nlm.nih.gov/?term=Jarosi%C5%84ska D[Author]
https://pubmed.ncbi.nlm.nih.gov/?term=Jarosi%C5%84ska D[Author]


What do the AQGs provide… 



What do Interim Targets mean? 



Air Pollution Attributable Disease Burden (GBD 2021) 

33 million 

8 million 

37million 

27 million 



Comparative Risk Assessment (GBD 2021) 

Source: GBD 2021, IHME 2024  



Comparative Risk Assessment (GBD 2021) 

Source: GBD 2021, IHME 2024  



India SLDBI Collaborators Lancet 2021, Balakrishnan et al. Lancet Planetary Health 2019 

Exposures to ambient and household air pollution at sub-
national scales  

Ambient Household 



State of Global Air Series 

https://capherindia.

org/spatial-

bibliography 



What considerations have been used in recent large scale 
HAP and AAP related epidemiological studies in India ?   



Assessing feasibility for choice of study designs 
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Assessing feasibility for study execution 
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Addressing health impacts of national relevance in rural-
urban populations 
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Maternal Health 

Low birth weight 
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Pre-term birth 

Maternal hypertension 

 

 

 

 

 

 

 

Adult Health 
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Exposure-
Response  



The Tamil Nadu Air Pollution and Health Effects (TAPHE) Study 
2010-2015  



Distribution of Participants in the TAPHE-Birth Weight Study   

Balakrishnan et al 2015 

Enrolled:1285 

pregnant women 

 

Complete Follow 

Up Until Birth 

(including exposure 

measures) : 1121 

of 1152 live births 

 

Rural 602 (drawn 

from 110 villages of 

Thiruvallur District) 

 

Urban 519 (drawn 

from 10 municipal 

zones of Chennai) 



Distribution of birthweight and pregnancy period kitchen PM2.5 

concentrations in the TAPHE cohort  

Balakrishnan et al 2018 



Exposure response based on short-term measures vs. mixed 
model estimates  

Balakrishnan et al 2018 



HAPIN: Scaling multi-pollutant, longitudinal HAP and stove-
use monitoring within multi-country RCTs (2016-2022) 



Distribution of birthweight and personal exposures in the 
HAPIN Trial  

Balakrishnan et al. , Lancet Planetary Health 2023 



Household air pollution and birthweight- Results from the HAPIN 
Trial 

Balakrishnan et al. , Lancet Planetary Health 2023 



Quinn et al  IJERPH 2022  

Intervention assessment in the HAPIN Trial: Fidelity and 
Adherence  



Johnson et al  EHP 2022  

Intervention assessment: WHO-ITG attainment via exclusive LPG 
Use  



Results from ITT Analyses for Birthweight in the HAPIN 
Trial  

Clasen,  et al NEJM, 2022 



What did we learn from TAPHE and HAPIN? 

• Written study protocols and frequently reinforced trainings are key 
• Ethical considerations are of paramount importance 
• Near real time data uploads (via electronic data capture) to cloud based data 

servers are the most cost-efficient ways of maintaining data quality and 
security 

• Project staff are family! Invest early on converting project staff to PhD 
students.  

• PIs should know how to sing and dance as well as communicate with policy 
makers and journal reviewers      

• Biostatisticians with a feel for environmental epidemiology are a rare 
commodity. Find one, keep forever! 

• RCTs can be heart-breaking 
• Observational  (E-R) studies can provide powerful arguments for furthering air 

quality actions    



Dorairaj Prabhakaran. Hypertension. Exposure to Particulate Matter Is Associated With 

Elevated Blood Pressure and Incident Hypertension in Urban India, Volume: 76, Issue: 4, 

Pages: 1289-1298, DOI: (10.1161/HYPERTENSIONAHA.120.15373)  © 2020 American Heart Association, Inc. 

Cardiovascular Health Effects of Air Pollution : CARRS  Cohort 
(PHFI,HARVARD University) 
    



Exposure models from Ensemble Averaging for Delhi NCR   

Mandal et al Atmospheric Environment 2020 



Ambient air pollution and Cardio-metabolic risks –Results from the 
CARRS Cohort 

Prabhakaran et al. , Hypertension 2020; Mandal et al BMJ Open Diabetes &Research Care 2023 



Ambient air pollution and daily mortality in ten cities of 
India: a causal modelling study 

J de Bont et al. , Lancet Planetary Health 2024 



AOD based exposure models with empirical ground 
monitoring data 

Dey et al Atmospheric Environment 2020 



Health studies using satellite based methods with NFHS data 



What have the exposure model based studies shown us?   

• Model uncertainties are smaller than the expanding base of 
consistency in the strength of association 

• A rigorous base of empirical measurements are critical for validating 
and expanding the applicability of models 

• Modeling and measurement capacities are extremely limited  

• Accessible data repositories are not a reality yet 

• Integration of health and exposure data will require substantive 
investments in data/human resource  infra-structure   

• Risk (mis)-perceptions on modeled health impact estimates require 
considerable investments in risk communication channels   



What is the role of the health sector in  implementing AQGs?  



Hadley et al Circulation 2018 

Clinical approach to addressing air pollution and CVD- Can we get to 
this stage in LMICs??  



Venkatraman et al 2024 

Engaging in Inter-sectoral Inter-disciplinary dialogues 

for actions - Risky territory for epidemiologists???? 



Grateful thanks to 
Our field teams and global network of collaborators 



THANK YOU 



…and so…we are here now ! 

…and hoping to get there ! 



Together we can! 


