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Choosing appropriate biomarkers

• For biomarkers of effect, how informative is the marker regarding disease prediction (often 
insight into mechanism is secondary)?  

• How stable is the marker (i.e., low within - person variability) as it relates to the hypothesized 
time course of the modifiable effect (i.e., ability to observe changes in the marker over the 
relevant time period)? 

• Is it feasible to measure the marker in the relevant setting?
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Figure. Schematic depicting the mechanism linking exposure to disease and multiple options to consider 
when choosing which biomarkers along the continuum to measure. Schematic from DeCaprio (Environ Sci Technol) 1997.



 





















Household Air Pollution Intervention Network 
(HAPIN)
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Publications: Study design
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The Intervention
• High - quality, locally available 

liquified petroleum gas (LPG) 
stove having at least two 
burners 

• Continuous free supply of 
LPG fuel for 18 months; no 
COVID interruptions 

• Promotion of safe and 
exclusive stove use
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HAPIN: Specific Aims

• Determine the effect of a randomized LPG 
stove and fuel intervention on health in four 
diverse low- and middle-income country 
(LMIC) populations.

• Establish an exposure-response curve for all 
primary and secondary outcomes. 

• Determine relationships between LPG 
intervention and biomarkers of exposure and 
health.  
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Study Design: Multi - country Randomized Controlled Trial 
(RCT)

Pregnant 
Women (PW) 

N=800 Rwanda 
N=800 India 
N=800 Peru 

N=800 Guatemala

1. Non - smoking pregnant women screened for eligibility (including ultrasound for gestational 
age >9 to <20 weeks) 

2. Enrollment and baseline assessment 
3. Households randomized to intervention or control 1:1 (stratified by country) 
4. Followed until child’s first birthday (≈18 months)

Older Adult 
Women 
(OAW) 

≅ 15% of pregnant 
women

Index Child 
(C)  

N=800 Rwanda 
N=800 India 
N=800 Peru 

N=800 Guatemala
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Study Timeline
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HAPIN Team
13



Biomarker Core: Objectives
To provide high - capacity, high - quality, and high - throughput analysis of a wide 
range of biomarkers in samples collected from each participant group (pregnant 
woman, older adult woman, child) 

– To provide training and monitoring compliance of sample collection, handling, and storage 
including developing collection and aliquoting protocols, ensuring sample integrity throughout the 
process and developing short - and long - term archival system 

– To develop local laboratory capacity and harmonize biomarker measures across study locations 

– To identify, prioritize, and measure specific biomarkers of household air pollution (HAP) 
exposure and effect in urine (first morning void) and dried blood spots (DBS)  

– To develop and validate novel biomarkers that will provide insight into the broader mechanistic 
questions linking HAP exposure to disease development 
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• The HAPIN field teams are in diverse settings across 4 countries 

• The Biomarker Core is supported by two analytical biomarker laboratories: 

– Laboratory for Exposure Analysis and Development in Environmental Research (LEADER) at 
Rollins School of Public Health, Emory University, Atlanta, USA 

– Laboratory at Sri Ramachandra Institute of Higher Education and Research (SRIHER), Chennai, 
India 15



Biomarker Collection Design
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”Working objective” for biomarker  
selection:

• Previous links to air pollution/HAP exposure

• Biomarkers of effect: 

– Capture pathways involving cardiovascular, metabolic, 
cancer, and respiratory effects 

– Major chronic diseases share common mechanisms 
(e.g., inflammation and oxidative stress)

• Biomarkers of exposure:

– PAH metabolites

– VOCs

– Levoglucosan

– Cotinine
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Biomarker Prioritization Scheme
– Over 55,000 samples! 

– Not logistically feasible to measure each analyte in 
every sample

– Relate health outcomes to participant subset (e.g., 
cardiovascular markers in older adult women); exposure 
biomarkers in all participants 

– Working literature review (prioritize one analyte per 
“pathway” ) 

– Validation results (confidence in DBS, intraclass 
correlation coefficient [ICC]) 

– Cross-sectional analysis of biomarkers with 24-hr PM2.5
concentrations from baseline (inform intention - to - treat 
[ITT] and longitudinal exposure-response analyses)

Biomarker Mother OAW Child
Cardiovascular/endothelial 
markers X

Oxidative stress markers X

Lipids X

HbA1c X

Hb X X

Exposure biomarkers X X X

Inflammation markers X X

Metabolome (subset) X X X

Microbiome (subset) X

miRNA/mRNA (subset) X

DNA methylation (subset) X

OAW=older adult woman ; HbA 1 c=hemoglobin A 1 c ; 
Hb=hemoglobin
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Biomarker Prioritization Scheme – Child example
Child age: 
3-month

Child age: 
6-month

Child age: 
12-month

Sample Aliquot Birth Post-birth 1 Post-birth 2 Post-birth 4

Urine 1 (3ml) Exposure 1 (PAHs: 1.5ml) Exposure 1 Exposure 1

2 (3ml) BioLINCC BioLINCC BioLINCC 

3 (7.5ml)

Exposure 2 (tobacco, 
levoglucosan, 8-OHdG, VOCs: 
2ml) Exposure 2 Exposure 2

4 (7.5ml)

DBS Spot 1
Telomere 
length (?) COVID - 19 antibodies 

Spot 2
Telomere 
length (?)  CRP (proposed) CRP (proposed)

Spot 3
100/country: 
“discovery”

Ancillary: Kirby 
(Malaria), Rwanda, 
n=800

Spot 4

Spot 5  BioLINCC  BioLINCC  BioLINCC  BioLINCC
Capillary 
blood Hb Sinharoy (ancillary) Sinharoy (ancillary)
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Biomarker Prioritization Scheme – Older adult woman example
Gestation:  
24-28 weeks

Gestation:  
32-36 weeks

Child age:  
3-month

Child age:  
6-month

Child age:  
12-month

Sample Aliquot Baseline Pregnancy 1 Pregnancy 2 Post-birth 1 Post-birth 2 Post-birth 4

Urine 1 (3ml) Exposure 1 Exposure 1 Exposure 1 Exposure 1 Exposure 1 Exposure 1

2 (3ml) BioLINCC BioLINCC BioLINCC BioLINCC BioLINCC BioLINCC

3 (7.5ml) Exposure 2 Exposure 2 Exposure 2 Exposure 2 Exposure 2 Exposure 2

4 (7.5ml)

DBS Spot 1 CRP Prioritization Prioritization Prioritization CRP
COVID - 19 
antibodies 

Spot 2 Prioritization Prioritization Prioritization Prioritization Prioritization Prioritization

Spot 3 Prioritization Prioritization Prioritization Prioritization
100/country: 
“discovery” Prioritization

Spot 4 Prioritization Prioritization Prioritization Prioritization Prioritization Prioritization
Spot 5 BioLINCC BioLINCC BioLINCC BioLINCC BioLINCC BioLINCC

Capillary 
blood HbA1c

POC (point-of-
care) POC POC POC POC POC
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Study Design Considerations
• Comparison groups 

– What we really want to know: the frequency 
of the “outcome” in a group of exposed 
people vs. the frequency of the “outcome” in 
the same group of people if they were not 
exposed

– Reality (study design)

• “Speed” of the exposure-response mechanism 
being evaluated

– Reasonable expectation that the biomarker 
can change within the time-period of the 
study

• Anticipated variability in the biomarker measures
– Between- and within-person variability 

(informs sample size and number of 
repeated measures necessary)

– Diurnal variability (needs to be incorporated 
in the study design)

• Susceptible populations

Figure. Hypothetical and simplified 
scenario depicting the impact of an 
intervention on a continuously-
measured outcome. The distribution 
of the outcome is shown for two 
subpopulations (“Responders” and 
“Non-responders”)
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