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Background



Prior work

e Measuring and monitoring health inequalities
e Analysis and decomposition of life expectancy gaps

e Evaluating the impact of policy interventions
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Measurment and analysis of health inequalities

e Methodological development, software, applied analysis
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CHAPTER FIVE

HEALTH INEQUALITIES: MEASUREMENT
AND DECOMPOSITION

Sam Harper and John Lynch

ince the prior edition of this chapter (Harper and Lynch 2006), the

literature on measuring and monitoring health inequalities has exploded.
The combination of new data sources, particularly in low- and middle-income
countries (e.g., Hosseinpoor 2013; de Walque and Filmer 2013), and
widespread international coneern regarding social determinants of health
(WHO Commission on Social Determinants of Health 2008) has led to a
wealth of new studies providing quantitative estimates of social inequalities
in health. The raft of new studies suggests continued research and policy
interest in understanding and reducing health inequalities. We maintain the
basic premise of our earlier chapter that reliable and valid measurement of
progress toward reducing health inequalities, if itis (o be of value in research
and policy-making, requires a framework for conceptualizing and measuring
inequalities in health (Sen 2002; Asada 2007).

In this chapter we focus on reviewing ways of measuring health
inequalities—that is, observable differences in health among individuals
of different social groups. We also show that measures of inequality inherently
reflect, to a greater or lesser extent, different ethical and value judgments
about what aspects of health incquality are important to capture. Thus it is
worthwhile to restate that any choice of health inequality statistic implicitly or
explicitly reflects a choice about what is important to measure (Sen and Foster
1997; Asada 2007), the consequences of which can strongly affect conclusions
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Social inequalities in life expectancy

e Social group differences, time trends, decomposition

I ORIGINAL CONTRIBUTION

Trends in the Black-
Gap in the United S

RESEARCH LETTER

Trends in the Black-White Life Expectancy
2003-2008

To the Editor: Understanding the causes of black-wt
ferences in mortality has important consequences
terventions to reduce health inequalities in the Unitec
A previous report found a nearly 2-year decline in the
white life expectancy gap among men and a 1-year
among women between 1993 and 2003." We inves
whether these changes have continued in recent ye

Table 1. Causes of Death Contributing to the Gap in Life Expec
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IFE EXPECTANCY AT BIRTH (THE

average number of years an in-

dividual can expect to live un-

der current age-specific mortal-
ity rates)" has generally been increasing
in the United States since at least the
late 19th century.? Additionally, for as
long as data have been given by race/
ethnicity, life expectancy of blacks has
been lower than that of whites.** How-
ever, overall trends tend to obscure the
fact that the gap in life expectancy be-
tween blacks and whites has varied con-
siderably during the 20th century. The
near elimination of typhoid and other
waterborne communicable diseases im-
proved blacklife expectancy in both ab-
solute and relative terms compared with
whites in the period 1900-1940, but
black-white differences stabilized dur-
ing the 1960s.”

Blacks again made absolute and rela-
tive progress compared with whites
during the 1970s and early 1980s, but
the study by Kochanek et al’ found that
the black-white gap in life expectancy
at birth increased between 1984 and
1989, primarily due to slower de-
clines in heart disease among blacks
relative to whites and faster increases
in homicide and human immunodefi-
ciency virus (HIV)-related mortality
among young blacks. The gap contin-
ued to widen until the early 1990s, but
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ABSTRAC

Life expectancy has
black and white Am
equality than others
white life expectanc.
states diverging fror
and Michigan had

Rhode Island had tt
equality in life expe

1. Introduction

Life expectancy s a barometer for overall population health. In
life expectancy at birth in the United States (US) was 788 yea
hidden within this summary are important subgroup differences. 1
lived 3.4 years longer than blacks (Cunningham et al., 2017). Whil
black and white Americans have experienced increases in life expe
since the beginning of the twentieth century, the difference betwee
life expectancies has varied over time (Fuchs, 2016).

During the 1980s the overall black-white life expectanc
widened, but then narrowed in the 1990s due largely to n
mortality improvements among blacks in deaths from hon
HIV/AIDS, unintentional injuries, and, among women, from dif
tial improvements in heart disease (Harper et al., 2007). The ¢
black-white gap continued to narrow during the 2000s, but US
differed markedly in the magnitude of improvement. For ex:
Harper et al. estimated that the black-white life expectancy gap i
York decreased from 8.0 to 2.4 years between 1990 and 2009,
California the decrease was much more modest—from 6.7 to 5.6
(Harper et al, 2014). While this previous publication esti
changes to the black-white life expectancy gap for each US st
did not shed light on why some states progressed more than ofl

Race-specific mortality trajectories within a state are likely ai
by both national and state-specific factors, some of which cor
affected by state-level policymaking. Taking cardiovascular ¢
(CVD) as an example, several state policies have direct or ir
effects on CVD risk factors. For example, excise taxes on tobacec
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1353-8292/ © 2018 Elsevier Ltd. All rights reserved.

Objecti Racial in mortality in the Uni
our study were to (I) examine the gap in life expec
expectancy) in 4 states (California, Georgia, lllinois, ant
of death (CODs) to the racial gap in life expectancy t
Methods: We extracted data on the number of death
major CODs. We used a Bayesian time-series model
estimate trends in sex- and age-specific contributions
Results: The racial gap in life expectancy at birth decr
years) and women in Georgia (from 8.0 to 1.7 years
ferences in mortality at these ages (mostly from injuri
especially among men in California (1.0 year of the 4.3
in 2013). Cardiovascular deaths contributed most to t
decreased among women aged 40-64, especially in C
inequality increased in California and lllinois, wherea
cancer deaths (from 0.6 to 0.2 years among men and
Conclusions: Future research should identify policy it
New York’s success, which may help other states em

Keywords
mortality, race, inequality

Racial differences in mortality in the United State:
long been a bellwether of progress in equity and j
with a narrowing gap in mortality over time refl
improvements in access to healthy environments, nut
and medical care.' Moreover, differences among st:
these inequalities reflect changing demographic, soci:
economic circumstances, as well as changes in diver:
icies such as housing, incarceration, and medical ins
programs.” Few studies have considered state-specif
ferences, in part because of the challenge of rep
results for the large number of states that have sizabls
populations.

One study that used mortality data from 1997-2004
large gaps in life expectancy between black and white
icans (herei racial gap in lif )forah
of states, mostly in the Rust Belt and the Midwest.> Wa
ton, DC, although not a state, also ranked among the
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Abstract

In recent years, life expectancy in the United States has stagnated, followe
by three consecutive years of decline. The decline is small in absolute tern
but is unprecedented and has generated considerable research interest an
theorizing about potential causes. Recent trends show that the decline h:
affected nearly all race/ethnic and gender groups, and the proximate caust
of the decline are increases in opioid overdose deaths, suicide, homicid
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fa)

and Alzheimer disease. A slowd, in the long-term decline in mortalir
from cardiovascular diseases has also prevented life expectancy from improy
ing further. Although a popular explanation for the decline is the cumul;
tive decline in living standards across generations, recent trends suggest th:
distinct mechanisms for specific causes of death are more plausible explan:
tions. Interventions to stem the increase in overdose deaths, reduce acce:
to mechanisms that contribute to violent deaths, and decrease cardiovasct
lar risk over the life course are urgently needed to improve mortality in tt
United States.
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Impact of interventions and policies

THE CHANGING FACE OF EPIDEMIOLOGY

Editors’ note: This series addresses topics of interest to epidemiologists across a
range of specialties. Commentaries start as invited talks at symposia organized by the
Editors. This paper was presented at the Third North American Congress of Epidemiology
held in Montreal in June 2011.

Social Epidemiology
Questionable Answers and Answerable Questions

Sam Harper* and Erin C. Strumpf*®

S ocial epidemiology encompasses the study of relationships between health and a broad
range of social factors such as race, social class, gender, social policies, and so on. One
could broadly partition the work of social epidemiology into surveillance (ie, descriptive
relationships between social factors and health, tracking of health inequalities over time)
and etiology (ie, causal effects of social exposures on health).! Many social epidemiolo-
gists believe these twin pursuits should ultimately serve to structure interventions aimed
at reducing health-damaging social exposures or increasing exposure to social factors that
enhance health.

Harper and Strumpf (2012)
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Impact of interventions and policies

e Substance use, maternal / child health, social and economic policies
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Background

The worldwide financial crisis of the la
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impact of economic recessions on deaths 1
Recent reviews of the evidence generally
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the effect varies across social contexts [15-1
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Access to affordable daycare and women’s economic
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intervention in India
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ABSTRACT ARTICLE HISTORY
We used data from a clust: trial in rural India to Received 27 December 2017
evaluate the impact of pi g access to a ity-based daycare Accepted 20 May 2020

program on women'’s economic outcomes two years later. The sample
included 2858 mothers with age-eligible children. Providing access to
daycare led 43% of households to utilize them. The intervention reduced
time on childcare by 16.0 minutes/day (95%Cl=-10.6, 42.5) and increased
the probabilities that women were paid in cash and spent time during the
prior day on paid work by 2.3 (95%CI=0.0, 4.5) and 2.6 (95%CI=0.9, 4.4)
percentage points. Other indicators of labor force participation and
income were unaffected.

KEYWORDS
India; daycare; time use;
employment; economic
opportunity;
cluster-randomised trial

Introduction
Objectives and study context

There is a lack of credible research for constructing evidence-based policies for improving access
to daycare in India in ways that benefit health and socioeconomic well-being, particularly for
women and young children. This paper presents the initial findings from a cluster-randomised
trial, named the Uttam Unnati (‘great progress’) study, which aims to address this research gap.
The overarching objective of the study is to evaluate the effect of providing access to an
affordable, community-based daycare programme, operated by the non-governmental develop-
ment organisation Seva Mandir, on health, socioeconomic well-being, and empowerment among
women living in rural Rajasthan, India.

This study takes place in the Udaipur district of Rajasthan, India. Relative to other Indian states,
Rajasthan performs poorly in terms of gender equality in educational and economic outcomes.
Based on the Indian National Family Health Survey (NFHS), the sex ratio (girls per 1000 boys) of
children aged 6-17 years who attended school in Rajasthan was 745 in 2005-6. Furthermore, only
11.3 percent of women in Rajasthan ages 20-49 years had 10 or more years of education. These
figures ranked Rajasthan lowest among all states.(Kishor and Gupta 2009) Data from the most recent
NFHS, conducted in 2015-6, show that only one-half of women in the Udaipur district were literate,
compared to 84.3% of men. Among women between 20 and 24 years of age, 40.4% were married
before age 18 years.

CONTACT : Arijit Nandi @ arijitnandi@mcgill.ca € Institute for Health and Social Policy & Department of Epidemiology,
McGill University, Montreal QC H3A 1A3, Canada

Supplemental material for this article can be accessed here.
© 2020 Informa UK Limited, trading as Taylor & Francis Group
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Current projects

Early Childhood Education Policies and (Examining the role of discrimination in r¢Beijing Houshold Energy Transitions [BHET]
labor force participation in India

Photo: http://policynote.ca

(with Arijit Nandi, Emis Akbari, Jody Heymann, and Linda White)

This project aims to investigate how Early Childhood Education and
over time in the United States and how these policies affect childrer
health, and well-being. Photo: India Express

The project’s main objectives are to: (with Arijit Nandi, Anoushaka Chandrashekar, Rosa Abraham, Nick kPhoto: The Straits Times

1. Create a free and publicly-available longitudinal database of st: The objective of this project in the longer term is to estimate the im (with Jill Baumgartner)
programmatic features, including those regulating access to ar hiring behavior in India. Using an experimental “correspondence stu
from 1995 to present; applications from fictitious candidates for positions advertised in Ir

2. Estimate the impact of specific state ECEC reforms on the devithe magnitude of gender discrimination, measured by the gender dif
non-cognitive skills, health, and well-being, as well as heteroget varies based on the characteristics of the applicant (e.g., age, occuf
race/ethnicity, and socioeconomic position; and time vs. full-time work, industry, number of employees). Additionally

3. Estimate the effect of children’s participation in ECEC on the de gender discrimination in callbacks is greater for women of child-be:
cognitive skills, health, and well-being, as well as heterogeneou school-aged child, depending on whether the prospective employer
and socioeconomic position. stipulated by the 2017 Amendment to the Indian Maternity Benefit £ Funding: Canadian Institutes for Health Research

Air pollution is a leading public health problem. Over 400 million Chinese homes burn coal to meet their
indoor space heating needs, leading to high levels of air pollution and health impacts in adults and
children. Coal burning in China also contributes to poor air quality and mercury contamination in Canada.
This project will assess how transitioning away from coal and introducing new clean heating technology

in China will impact the health and environment of people who live in homes impacted by policy
changes.
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Interdisciplinary Team

McGill University

e Sam Harper (Epidemiology)

Jill Baumgartner (Epidemiology)

Brian Robinson (Geography)

Chris Barrington-Leigh (Economics)

Koren Mann (Toxicology)

Arijit Nandi (Epidemiology)
Robert Platt (Biostatistics)

Colorado State University
e Ellison Carter (Engineering)
e Xiaoying Li (Engineering)
Chinese Academy of Sciences

e Yuanxun Zhang (Air Chemistry)
e Zhongjie Fan (Cardiology)

Peking University

e Shu Tao (Environmental Science)

e Yaojie Li (project coordinator)

China National Center for Cardiovascular Disease

e Liancheng Zhao (CVD epidemiology)

Knowledge Users

Barry Jessiman (Health Canada)

Alison Dickson (Environ & Climate Change Canada)

Iris Jin, Asia Pacific Foundation of Canada
Richard Fuller, Pure Earth Foundation

Funders

e Canadian Institutes of Health Research

e Health Effects Institute

10 / 60



Why Did We Start?



The role of coal in China

~ 30% of global emissions

]
No prize for first place
CO, emissions, gigatonnes
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https://www.economist.com/china/2023/11/27/will-china-save-the-planet-or-destroy-it

Residential coal burning in China

100%

80%

60%

Percent

40%

20%

0%

Beijing

8899
Tianjin
Annual
M Transportation

M Power

® Industry

BC
oc
S0,

=)
z

PM,

Tianjin
Jan-Feb

" Residential

e Residential coal burning makes a
substantial contribution to emissions

e Particularly in winter months

Liu et al. (2016)

e Coal contains fluorine, arsenic, lead,
selenium and mercury, which are not
destroyed by combustion;

e Technical constraints make it difficult to
burn coal cleanly in households;




Policy Context

e Beijing designated “coal restricted areas” Beijing Municipality

e Government subsidized electric or gas-
powered heat pumps (80% of $4,500
cost)

e 2017: required 1.5 million people to halt
coal use (scaled to >2 million by
ambitious local officials)

e Stepped implementation from 2017-
2021 in Beijing and northern China (63
million homes)

emmmmm——————— Kilometers

Legend
~ Heat pump subsidy after 2017 |:] Beijing Municipality
7, Heat pump subsidy by 2017 \:] District Boundaries

Coal Banned in 2016 | Township Boundaries

Sources: Beging Municipal Office of Rural Affairs, 2017
China Statistical Yearbook, 2010
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“Coal to Clean Energy Program”

Village-level intervention.

Subsidized purchase of heat pump; electricity subsidized regionally.

¢ Remove coal stoves.

Retrofit existing homes or build new homes in the village.
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i
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In China’s Coal Country, a Ban Brings Blue Skies and Cold Homes

BAWAEPN RERNE XN

[FEINEWS() X ARTS&LIFE(®) J MUSIC() () SHOWS & PODCASTS(5) Q SEARCH

ﬂ Radio Free Asia

Home Cambada Chna Lacs  North Kores Myasmar  Tidet Uygtur  Viet

By STEVEN LEE MYERS  FER 10, 2008

HOME | COMMENTARIES | ECONOMY WATCH
Chlna Backtracks on Local Coal Ban
st e = [ mre ] @ Q ( } Goats and SOda STORIES OF LIFE IN A CHANGING WORLD

ENVIRONMENT

The Good News (And Not So Good
News) About China's Smoggy Air

18, 2018 - 11:36 AM

China plans to cut coal heating again, but
T o e omeyos e e & cou e Dot rhar Ch's S can it avoid another crisis?

— POOI’ beal’ bl'llnt Of Beijing Coal CleanUI Attempts to cut back on coal use have improved air quality, but reportediy left millions
with no heating at -6C witnout proper heatng

Lauri Myllyvirts

Coal Ban Forces Chinese Living in Frigid
Narth to Rurn Furniture to Keep Warm

China does U-turn on coal ban to avert ::wwn:m e fE Y G = WAL Switch from coal to gas has left residents of towns around Beijing ¥ Sleurimyliyvirts
heating crisis

without heating after gas supply falters, reports Climate Home News

8 December 2017 f : «; Share .
veno China eases northern home coal ban

to offset gas shortage

» middle class Beijingers breathe the cleanest air in recent winters, in
R T T . zhou, a small city 20 minutes by train from Beljing’s downtown, residen
rivering through cold nights without heating. The reason: a five-year an! 4 c»
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Research Gaps

AMERICAN T

e Most prior work only on cookstoves

Seve ra| RCTS Household Air Pollution Interventions to Improve Health in Low- and
Middle-Income Countries

An Official American Thoracic Society Research Statement

® M |Xed eV| d ence on a | r po I | ut| on Peggy S. Lai*, Nicholas L. Lam*, Bill Gallery, Alison G. Lee, Heather Adair-Rohani, Donee Alexander,

Kalpana Balakrishnan, Iwona Bisaga, Zoe A. Chafe, Thomas Clasen, Anaité Diaz-Artiga, Andrew Grieshop,
Kat Harrison, Stella M. Hartinger, Darby Jack, Seyram Kaali, Melissa Lydston, Kevin M. Mortimer, Laura Nicolaou,
. Esther Obonyo, Gabriel Okello, Christopher Olopade, Ajay Pillarisetti, Alisha Noella Pinto, Joshua P. Rosenthal*,
C h a | Ie nges W Ith u pta ke Neil Schluger, Xiaoming Shi, Claudia Thompson¥, Lisa M. Thompson, John Volckens, Kendra N. Williams,
John Balmes$, William Checkley®, and Obianuju B. Ozoh®; on behalf of the American Thoracic Society Assembly on

Environmental, Occupational, and Population Health

o M u Iti p | e S O u rC e S (e . g .y Stove— Sta C ki n g) THis OFFiCIAL RESEARCH STATEMENT OF THE AMERICAN THORACIC SOCIETY wAs APPROVED FEBRUARY 2024

e Unclear whether possible to scale-up

Weaker and mixed evidence on health impacts, even when HAP reduced

Household energy solutions need to go beyond cooking interventions alone; there are
multiple sources that contribute to HAP

Lai et al. (2024)
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Overall Study Objectives

Aim 1.

Estimate the total effect of the intervention.

Aim 2.

Estimate the contribution of changes in the chemical composition
of PMs 5 to the overall effect on health outcomes.

Aim 3.

Examine alternative pathways and mechanisms that may contribute
to the intervention’s impact.
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What Did We Do?



Village sampling

e |[dentified 50
villages not yet
exposed to policy

e Randomly
selected ~20
homes in each
village

e Enrolled 1
individual per
home

Huairou
Treated: 8
Untreated: 10

Map of Beijing

Miyun
> | Treated: 10
Untreated: 2

v

Mentougou
Treated: 2
Untreated: 7

Treat year of
recruited village
2019 o
2020 o
2021 o
Untreated ©

50 km

Fangshan
Treated: 0
Untreated: 11
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Timing of study village treatment by the policy

2018-2019 2019-2020 2020-2021 2021-2022

Untreated Untreated

Untreated
Untreated

1 Treated

Treated
Treated
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Year 1

(2018-19)

¢ Household
questionnaire

¢ Health measurements
¢ Indoor temperature
¢ Indoor air pollution

-

J

Participant
Household
Village

Data Collection Overview

Year 2

(2019-20)

¢ Household
questionnaire

¢ Health measurements
e Indoor temperature

¢ Indoor air pollution

¢ Heating device use

- J

Year1

1,003
977
50

Year 3
(2020-21)

¢ Indoor temperature
¢ Indoor air pollution
¢ Heating device use

1,110
1,055
50

Staft
training

Year 2

Year 4

(2021-22)

¢ Household
questionnaire

¢ Health measurements
¢ Indoor temperature

¢ Indoor air pollution

¢ Heating device use

-

l Clinic visits

Household
visits

Year 4
* 1,028
1,012

50
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Measurements

Village

e Qutdoor air pollution (1-2 months per season)

e Information on village policies/programs

Household

e Questionnaire to assess energy patterns and related expenditures
e |Indoor air temperature (~75% of homes for 2+ winter months)

e Electricity use based on meters

Individual

e Questionnaires on health status, behaviors, conditions, and medication
use

e Exposures to PM,, . and black carbon (50% of participants)

2.5
e Health measurements (BP, self-reported respiratory symptoms, blood
inflammatory and oxidative stress markers (~75%), grip strength (~75%), &
airway inflammation via exhaled NO (~25%)

24 /60



Blood pressure measurement

e Automated oscillometric device.

Calibrated by manufacturer before Years 1 and 4.

Home BP measurement by trained staff.

Measured blood pressure 3 to 5 times on
participants supported right arm, after 5 mins of
quiet, seated rest.

Mean of final 2 measurements used in analysis.
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Indoor temperature

e Measured indoor temperature in the 5-min before BP.

e | ong-term measurement in a subsample of households with sensor taped to
household wall.

e Thermochron iButton or LabJack Digit-THL sensors.
e |nterior wall of most commonly used room.
e 1.5m height (~ participant height).

e Measured 5-12 months

e 125-min sampling interval.




Indoor air pollution (PM,, ;)

1. Long-term measurement with real-time sensors.

e 6 households per village.

e Run with standard measurements (BAM/TOEM) pre- and
post-data collection, each year.

e Measured 5-mo., 1-min sampling interval

2. 24h measurement with filter-based instrument.

e 3 households per village.
e Accepted (gold-standard) measurement.

e Used to calibrate real-time measurements.
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Basic idea for mediation study

To understand the pathways, mechanisms, and intermediates through which a treatment
affects an outcome.

How much of the policy effect is through:

e Reduced exposure to PM2 5
e Other pathways (indoor temperature, behavioral changes)

e Consider multiple mediators

28 / 60



First part of mediation: total effect

Step 1: Estimate the

total effect of 7. / \

X » Policy (T) > BP (Y)
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Second part of mediation: decomposition

Basic idea: understand pathways of effects

Step 2: Estimate how PM2.5

much of the total (Ml)

effect is due to / \

PM2_5 vS. other

pathways’? X —— Policy (T) > BP (V)

\ Temp e
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Second part of mediation: decomposition

Basic idea: understand pathways of effects

Step 2: Estimate how PM2.5
-
much of the total (Ml)
effect is due to / \
PM2_5 vS. other

pathways? X —— Policy (T) > BP (Y)

W — 2 (M)
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Quantities of interest /\

X ——— Policy (T) » BP (V)

Total effect:
EY|T,X] = By + BT + B2 X
This equation estimates the total effect of the ban:
TE =p(T" -1T)

where 1T'* is exposure to ban and 1’ is no exposure.
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PMs; 5

» BP (Y)

Mediation model )
Estimate two regressions: X Policy (T)\

. ] Temp

1. Treatment on mediator: o )

EM|T, X] = Bo + 1T + B2 X
2. Treatment and mediator on outcome:

E[Y’T, X, M] — 0o+ 01T +602M + 03T M + 0,X + 0sW

Second equation estimates the “Controlled Direct Effect”:

See VanderWeele (2015). Other quantities include the “Natural Direct Effect” (01 + 3(Bo + B81 + B2)) and the “Natural Indirect Effect” (0231 + 03/31)]
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What the hell is the CDE?

Interpretation

This effect is the contrast between the counterfactual outcome if the individual were

exposed at’I' = t and the counterfactual outcome if the same individual were exposed at
T = tx, with the mediator set to a fixed level M = m.

English:

“How much would blood pressure change if the policy were implemented and we held
PM, s fixed at m ?“

34 /60



Key assumptions

Assumptions for valid CDE:

e No confounding of the total
effect.

e No confounding of the mediator-

outcome effect.

PM2 5

/ / (M)

X — Policy (T)%’

Temp - /
0 S

BP (Y)
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Basic Design: Difference-in-Differences

Need a counterfactual for outqpme
treated group. |

Treated group |
Challenges: /

e Group differences

e Time trends Control
ontro

e Time-varying : group
confounders :

e Staggered |
implementation Time 1 Intervention  Time 2
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Challenges with staggered adoption

40

e Using earlier treated
groups as controls only o ssassenees®

30 A

homogeneity.
e Early treatment effects ’y’_,,_,o—/
get subtracted from A

the DD estimate.

* Generates poor 10'MM
summary estimate if Iy
[MID(k, 1] N

there is heterogeneity. < PRE(Y >|<
t, Y
Time

Units of y
3

|
Yit

Yit

POST())

<
T -

Image: Andrew Baker. See also Goodman-Bacon (2021), Callaway and Sant’Anna (2021), Sun and Abraham (2021)
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https://andrewcbaker.netlify.app/2019/09/25/difference-in-differences-methodology/

Key Assumption: Parallel Trends

e Basic DD controls for any time invariant characteristics of
both treated and control groups.

C=078 e Does not control for any time-varying characteristics.

A/i e |[f another policy/intervention occurs in the treated (or

control) group at the same time as the intervention, we

/_\f[}.ﬁﬁt cannot cleanly identify the effect of the program.

e DD main assumption: in the absence of the intervention
treated and control groups would have displayed similar
trends.

outcome

This is called the parallel trends assumption.

year

Impossible to verify, see Gertler et al. (2016).
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Statistical model /\

X ——— Policy (T) » BP (V)

Total effect via “extended” two-way fixed effects:

zjt —(X—I—Z,Brd +Z'st3t+zz7-rs d X fst)+zzyt_|_5zjt

r=q S=T

X includes:

e d, = treatment cohort fixed effects
e fs; =time fixed effects

e Z;;; = time-varying covariates

TE is average of marginal ATTs 7,5, averaged over cohort and time.

See Wooldridge (2021), Goin and Riddell (2023)
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What Did We Find?



Treatment groups were generally balanced

Never treated (N=603) Ever treated (N=400)

Mean SD Mean SD Diff SE
Age (years) 59.9 9.4 60.4 9.2 0.5 0.6
Female (%) 59.5 49.1 60.0 49.1 0.5 3.2
Secondary+ education (%) 12.6 33.2 9.8 29.7 -2.9 2.0
Wealth index (bottom 25%) 26.9 44.4 22.3 41.7 -4.6 2.8
Current smoker (%) 26.2 44.0 25.4 43.6 -0.8 2.8
Daily drinker (%) 17.8 38.3 21.9 41.4 4.1 2.6
Systolic (mmHg) 131.4 16.8 128.7 14.3 -2.7 1.0
Diastolic (mmHg) 82.7 11.6 82.1 11.3 -0.6 0.8
Body mass index (kg/m2) 26.3 3.7 25.8 3.6 -0.5 0.3
Any respiratory problem (%) 50.6 50.0 54.3 49.9 3.7 3.2
Temperature (°C) 13.8 3.6 13.5 3.3 -0.3 0.2
Personal PM2.5 (ug/m3) 127.1 145.3 102.3 105.5 -24.7 11.9
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Treated households adopted cleaner energy

Treated in W2
WA1 W2 W4 '

I Heat pump exclusively [ Coal stove and/or biomass kang with other electric heater
[ Heat pump with biomass kang M Coal stove and/or biomass kang
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Treated households adopted cleaner energy
At the time of treatment

Treated in W2 Treated in W3 Treated in W4 Untreated
w2 W2 W2

I Heat pump exclusively 71 Coal stove and/or biomass kang with other electric heater
1 Heat pump with biomass kang M Coal stove and/or biomass kang
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Treated households reported less coal use

Never treated Treated in 2019 Treated in 2020 Treated in 2021
3000 O @ e E ............................................................... E .............................................................. E
° | <—Intervention ; !
CoaIJ\o

2000 ................................................................ L

1000 —— T W PP
BiomaSSJ

Solid fuel consumption (kg)

2018 2019 2020 2021 2018 2019 2020 2021 2018 2019 2020 2021 2018 2019 2020 2021
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Did the policy affect outcomes?

/ \

X > Policy (T > BP ()
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Evidence of parallel pre-trends for BP

Joint F-test of equal trends by cohort: Joint F-test of equal trends by cohort:
F(2, 1646) = 0.06, p = 0.946 F(2, 1646) = 0.35, p = 0.707
1501 150
D 425 5 125
E Treatment g Treatment
— cohort - cohort
o o
CEJDJ 100+ — Never g 1001 — Never
= — 2020 = — 2020
= — 2021 = — 2021
3 :
& 751 5 751
501 50
2018 2019 2018 2019
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X —— Policy () —— BP (Y)

Impact on blood pressure

Brachial Diastolic BP Brachial Systolic BP

Total Effect | .

(@ L S i el e

'5
!

Adjusted Total Effect ! |
0

2 4 4 2
Total Effect (mmHQ)

4 -2

Time-varying covariates: age, sex, waist circumference, smoking, alcohol consumption, and use of blood pressure medication.
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Some evidence of heterogeneity

Brachial SBP Brachial DBP
Cohort 2, Year 2 +——e—ps —
Cohort 2, Year 4  +—e—y o—
Cohort 3, Year 4 -— —
Cohort 4, Year 4 = : . ' .-E-.—-
4 2 0 2 4 4 -2 0 2 4

Average treatment effect on the treated (mmHg)
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Reductions in
some self-
reported
respiratory
symptoms.

Little evidence of
impact on
inflammatory
markers.

Obs ATT (95% ClI)
Respiratory outcomes
Self-reported (pp) Any symptom 3076 -7.5 (-12.7,-2.3)
Coughing 3076 -2.7 (-7.1,1.7)
Phlegm 3076 -1.6 (-5.6, 2.4)
Wheezing attacks 3076 1.0 (-1.9, 3.9)
Trouble breathing 3076 -3.4 (-9.2, 2.4)
Chest trouble 3076 -3.4 (-8.1, 1.3)
Measured FeNO (ppb) 793 0.3 (-2.2, 2.8)
Inflammatory markers
Measured IL6 (pg/mL) 1603 0.8 (-0.3, 2.0)
TNF-alpha (pg/mL) 1603 0.8 (-0.1, 1.7)
CRP (mg/L) 1603 0.1 (-0.5,0.6)
MDA (uM) 1603 0.2 (-0.2, 0.6)
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Did the policy affect the mediators?
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Policy reduced (only) indoor PM

Seasonal PM2.5
24-hr PM2.5

Seasonal PM2.5
24-hr PM2.5

PM2.5
Black carbon

PM; 5

X{hcy(T);: " \BP (Y)
o
W (M)

Indoor
40 30 0 20

Outdoor
40 -20 0 20

Personal

.

40 30 0 20

Total Effect (ug/m®)

ETWFE models adjusted for household size, smoking, outdoor temperature, and outdoor dewpoint.
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Policy increased indoor temperature

Point temperature

Mean indoor temperature

Mean daytime temperature

Mean heating season temperature

Mean daytime heating season temperature
Minimum indoor temperature

Minimum heating season indoor temperature

ETWFE models adjusted for the number of rooms and wintertime occupants in the household, age of the primary respondent, and wealth index.

| |

PM; 5
(M)

2N

X —— Policy (T) BP (Y)

Temp
w o (M)

(@D R

2 4
Total Effect (°C)
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Do PM2 5 and temperature mediate the BP effect?
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BP mostly mediated by PM2_5 and temp

Adjusted Total Effect

Mediator: Indoor PM
Mediator: Indoor Temperature

Mediator: Indoor PM & Temp

Brachial DBP Brachial SBP

W (M)

2 0 2
Total Effect (mmHQ)

Brachial DBP Brachial SBP

-2 0

ETWFE model with exposure-mediator interaction, adjusted for time-varying covariates.

-2 0 2 -2 0
Controlled Direct Effect (mmHg)

2N

X —— Policy (T)

BP (Y)
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Little mediation for respiratory symptoms

Adjusted Total Effect

Mediator: Indoor PM

Mediator: Indoor Temperature

Mediator: Indoor PM & Temp

30 10 0

Total Effect (pp)
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What Does It Mean?



Uptake

e High uptake and consistent use of the new heat pump technology.
e Persistent effects for early treated villages.

e | arge reductions in coal use in treated villages.

|

ﬁ |

e [
;o i

e
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Impacts
Air pollution

e Impacts on indoor PM2 5 but not personal exposures or outdoor PM2 5
e Secular trends affected by large-scale policy changes

e Movement between indoor and outdoor

Health outcomes

e Overall lower BP, some evidence of heterogeneity
e |[mprovements in respiratory symptoms

e BP impacts largely mediated by PM2_5 and temperature
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