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Abstract

Poverty is strongly associated with all-cause and chronic obstructive pulmonary disease (COPD)
mortality. Less is known about the contribution of poverty to spirometrically defined chronic
airflow obstruction (CAO) — a key characteristic of COPD. Using cross-sectional data from an
asset-based questionnaire to define poverty in 21 sites of the Burden of Obstructive Lung Disease
study, we estimated the risk of CAQ attributable to poverty. Up to 6% of the population over 40
years had CAO attributable to poverty. Understanding the relationship between poverty and CAO
might suggest ways to improve lung health, especially in low- and middle-income countries.

Introduction

Poverty is an important risk factor for COPD prevalence and mortality, particularly in

low- and middle-income countries (LMICs).! In a previous report of 12 Burden of
Obstructive Lung Disease (BOLD) study sites, we found that this association is also true
between spirometrically-defined post-bronchodilator chronic airflow obstruction (CAO) and
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individual wealth defined from household assets.2 Here, we extend the investigation of the
association between CAO and poverty to 21 BOLD sites and assess the population impact of
poverty on CAO using site-specific population attributable risk (PAR) estimates.

Data on ownership of household assets were collected from 14,611 adults (=40 years) from
21 sites of the population-based BOLD study, between March 2010 and December 2016
(Table S1). We calculated a wealth score (0-10) based on household assets to estimate each
participant’s household wealth (Supplementary Methods, Figure S1). We defined poverty as
a wealth score lower than or equal to seven.3 We assessed the association of poverty with the
forced expiratory volume in 1 second (FEV1) to forced vital capacity (FVC) ratio and with
CAO (FEV4/FVC < lower limit of normal (LLN)).* We used a Bayesian hierarchical model
to account for the multi-level structure of the data (Supplementary Methods).® Identification
of potential confounders was based on previous findings and graphically represented in
directed acyclic diagrams prior to analysis (Supplementary Methods). We adjusted for age
and sex in the analysis of FEV1/FVC (Model 1, Figure S2a), but not in the analysis of

CAO, as age and sex are already accounted for by the LLN. We did not adjust for other

risk factors in the main analysis as these were most likely on the causal pathway between
poverty and CAO. However, in secondary analyses we further adjusted for education (Model
2, Figure S2b), and for smoking pack-years, exposure to a dusty job, passive smoking, body
mass index (BMI), childhood hospitalisation due to respiratory infection, family history of
respiratory disease and history of tuberculosis (Model 3, Figure S2c). These analyses were
repeated using wealth score as a continuous measure.

We estimated the site-specific PAR of CAO attributable to poverty in all sites, except for
Saudi Arabia (Riyadh), where the prevalence of poverty was 0. PAR estimates are reported
with a 95% credible interval (95%Crl).

CAO prevalence ranged from 3.1% in Saudi Arabia (Riyadh) to 16.4% in India (Kashmir)
(Table S2). The mean wealth score was 6.3, ranging from just below 1 in Malawi
(Chikwawa) to almost 10 in Saudi Arabia (Riyadh). The overall prevalence of poverty was
55%, with almost 100% in Malawi (Chikwawa). The prevalence of poverty was consistently
high in LMICs (Table S2).

Per each unit increase in wealth score, the FEV1/FVC increases by 0.30% (95%Crl: 0.19%
to 0.41%) and the risk of CAO is reduced by 11% (RR=0.89; 95%Crl: 0.86 to 0.92) (Table
1, Main model). Using wealth score as a binary variable to define poverty, poorer individuals
had on average 1.19% lower FEV1/FVC (95%Crl: —1.61% to —0.77%) and 57% greater

risk of CAO (RR=1.57; 95%Crl: 1.32 to 1.87), compared with wealthier individuals (Table
1). In the secondary analysis, further adjusting for education (Table 1, Model 2) and for

all other considered potential confounders (Table S3, Model 3) did not materially change

the association of wealth score or poverty with either FEV1/FVC or CAQ. There was no
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substantial heterogeneity across sites in the associations of wealth score or poverty with
either FEV1/FVC or CAO (Figures S3-S6).

The highest PAR for CAO due to poverty was in India (Kashmir) (PAR=6.1%; 95%Cr]:

3.65% to 8.59%) and the lowest in Malaysia (Penang) (PAR=0.16%, 95%Crl: 0.03% to

0.41%) (Model 1, Table S4). PAR estimates were inversely related to the wealth score

(Figure 1). The PAR results from Models 2 and 3 are reported in Figure S7.
Discussion

We have confirmed the association between poverty and CAO previously found in a subset
of our BOLD study,? and we have shown that up to 6% of the population have CAO
attributable to poverty.

Our results are consistent with findings reported by Grigsby et al. using data from LMICs,
where they used monthly household income as a proxy measure for poverty.8 Raju et al.
have also observed an association between self-reported COPD and household income in
the USA.” Previous findings of the BOLD study suggest that poor education, an indicator
of socioeconomic deprivation, is the second most important risk factor for CAO after
smoking.® Using ecological data from the Global Burden of Disease study, we have
previously reported a strong association between COPD mortality and poverty defined by
Gross National Income per capita.®

The reduction in the RR observed in our secondary analyses adjusting for education and,
subsequently, for other risk factors including low BMI, is possibly due to the mediating
effect of these factors, with adjustment for them leading to the underestimation of the impact
of poverty on CAQO.

The association between poverty and CAO could be due to limited access to healthcare
services, poor nutrition, including foetal programming during gestation, low birth weight,
poor living conditions, overcrowding, and water supply/sanitation for poorer people,
particularly in LMICs.?

We did not adjust for solid fuel use because this was not associated with CAO in the BOLD
study.10 Although meta-analyses have been interpreted as showing an association between
airflow obstruction and solid fuel use, including for instance that of Smith et al.,1! they show
very high heterogeneity across studies (12 between 67% and 98%) and strong evidence of
publication bias, thus not supporting a causal association.

One of the strengths of BOLD is the use of a standardised protocol across study sites.
Spirometry was performed post-bronchodilator, and its quality was assured with rigorous
training and regular checks of all lung function curves. Poverty is not a one-dimensional
concept and understanding the nature of its relationship with CAQ requires further
investigation. The observed reduction of RR when adjusting for education suggests that
education may partly mediate the effects of poverty on lung health. Nevertheless, the
association with poverty is clear and suggests that poverty reduction itself is still important.

Thorax. Author manuscript; available in PMC 2024 March 20.
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Refer to Web version on PubMed Central for supplementary material.
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Figurel.
PAR for CAO due to poverty against wealth score. CAO, chronic airflow obstruction; PAR,

population attributable risk.
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