


Presentation Outline

Introduction:

— Why worry re: socioeconomic status (SES) in air pollution
epidemiology??

Measuring SES/ social processes

— Scale of measurement

— Exposure misclassification

Incorporating SES into air pollution epidemiology
— Confounding, effect modification, mediation

Conclusions



What is Socioeconomic Status (SES)?

o “SES” refers to a myriad exposures/ pathways:

— Health care, income, smoking, diet, education, occupational exposures, job
insecurity, immunization history, indoor environments, parental stressors...

— Aggregating & interacting over lifecourse, multi-generational (epigenetics).

* Unlike air pollution (which is physical, tangible), SES is relational.
— It is an individual’s relative standing in society.

— Changes over time & lifecourse
* Through actions of individual agency (e.g., gaining education)
* Or societal shifts (e.g., changing gender norms, LGBTQ_ status).




How does SES affect health, across the social gradient?
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Fig. 3 Relative risk of death from coronary heart
disease according to employment grade, and proportions
of differences that can be explained statistically by various

risk factors. (Rose & Marmot,
Brit Heart J 1981)



This ‘social gradient’
holds up across disease outcomes.
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Figure 2. Male incidence rates for major chronic discases of working-age people for cach of five job grades, ranging
from low-grade blue-collar (lefr bars) to highest professional/executive grade at Alcoa.

From: Clougherty JE, Souza K, Cullen MR. Work & its
Role in Shaping the Social Gradient in Health, Ann NY
Acad Sci (2010) 1186: 102-124.



Measuring SES

Table 1. Indicators of socioeconomic status: descriptions and issues to consider

Many possible SES metrics.

Misclassification unique to each.
— Metric needs be appropriate to population
under study.
* e.g., Income misclassifies retirees, students

* e.g., Education misclassifies young people;
generational trends

Needs be appropriate to hypothesized
pathways to health.

— esp. for psychosocial (stress) pathways
— e.g.: sound (physical) vs. noise (annoyance)

Hajat et al, in preparation

SES indicator Measurement Measurement issues to consider Citations*

Income Captures household income as an | Varys by time and by place; subject | (Duncan and
absolute amount not as a range; to both short and long-term Petersen
account for family size to create fluctuations 2001)
equivalized (per capita) income
measures

Poverty -Poverty threshold defined as Varys by time and by place (Sen et al.
above or below poverty line 2006)
-Poverty level expressed as
percentage of threshold (i.e. 100%
equal to threshold; 400% is three
times as high)

Wealth Captures different types of asset Less impacted by short-term (Cubbin et
(home values, stocks/bonds, fluctuations; may be stable across al. 2011)
pension/retirement accounts, generations (due to inheritance);
savings accounts etc.) and better for older populations who no
subtracts debt longer earn income

Education Can be specified as total years of | Varys by time (value of education (Ross and
education or highest degree has changed over time; e.g. a high Mirowsky
obtained school degree in 1960 creates more | 1999)

opportunity than a high school
degree in 2010) and place (quality
of education varies regionally)

Occupation Can be specified by occupation or | Downstream of income and (Ahonen et
industry or as employment status | education al. 2018)
(e.g. employed, unemployed or Occupation and industry measures
not in the labor force) do not capture people not in the

labor force or those who are
temporarily unemployed

Income inequality Income distribution across a Several measures including: Gini (De Maio
population, measured as a Coefficient, Robin Hood Index, 2007)
contextual (area-level) variable. 20% share, Atkinson Index and

Concentration Index. Selection of
geographic unit is important (e.g.,
counties vs states)

Psychosocial stress Many different stressors such as Often considered proxies for SES (Cohen et al.
crime rate, residential crowding. (income, poverty) 2007)

Subjective social Respondent’s rating of social One commonly used measure (Adler et al.

status standing relative to others shows a picture of a ladder and asks | 2000)

participants to place themselves on

the rung where they believe they

stand
Composite SES SES indices usually derived from | -May be more statistically and (Messer et
indicator multiple SES indicators and conceptually efficient al. 2006)

constructed by PCA

-Useful when individual SES
indictors are highly correlated
-Weighted indices (using weights
from PCA) is recommended
-Varys by space and time

*Citations provide more information on conceptualization, measurement and mechanisms to health.




Critical Role of Scale
in Measuring SES/ Social Variables

e Community- & Individual-level SES are different:

* Avoid using one to proxy for other, as possible.

— Community-level processes

 (e.g., school district, resources, crime, culture) = context

— vs. Individual characteristics

* (e.g., individual income, job strain, social support) = composition




Community-level SES Metrics

Figure 3: Spatial distribution in census-fract-level social covariates across NYC.
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Spatial scale & exposure misclassification

e Different scales of resolution often used for pollution
vs. SES:
— Day- and residence-specific spatio-temporal pollution

— vS. annual-average census-tract SES indictor.

e Or, different patterns in actual (true) exposures:

— = “Uncertain Geographic Context” (Kwan 2012).
* e.g., pollution decays rapidly within 50-200m of roadway;

* vs. Some social variables vary by community (e.g., school district).



Using SES/ Social indicators
in Environmental Epidemiology

1) Confounding
2) Effect modification
3) AP as mediator of SES effects on health.



Confounding: Spatial Correlation

Pollution exposures often
clustered in lower-SES
communities (Graves 1998).

On average, lower-SES
communities experience higher

(primary) pollution exposures (Clark
et al, 2014).

Some air pollution sources (e.g.,
traffic) inherently confounded by
chronic stressors (e.g., noise).

But, (non-linear) joint distributions
can complicate adjustment/
interpretability.

Spatial Deprivation Index Scores,
by Census Tract

Box Plot Map
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Effect Modification: AP-CVD associations by SES

Studies report stronger AP health effects among

lower-SES populations (Jerrett et al, 2004; Hicken et al.,
2016).

We observed stronger (primary) pollution-CVD
relationships in communities of higher stressor
exposures in NYC.

*Elucidating susceptibility identifies opportunities to

cost-effectively target AP interventions, to optimize
benefits.

Clougherty et al, HEI Res Rep, under review
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Or, is pollution one way in which SES
‘gets under the skin”??

Requires mediation analysis/ decomposition
analysis:
SES -> pollution -> health

Mutually-adjusted negative binomial
ecologic models.

Compared pollution & SES effects at same
spatial & temporal scale (annual-average
census tract).

Clougherty et al, HEI Res Rep, under review

Figure 4: Mutually-adjusted negative binomial ecologic models for each pollutant- stressor
combination vs. census tract CTD rate (n = 1,981). Each model includes only one pollutant and one
social stressor. Incidence rate ratios (IRRs) represent the change in commmuity CVD event rates per 1-
IQE. change in each covariate, shown with 95% confidence imtervals. Asterisks indicate statistical
significance after false discovery rate adjustment. ICE:R&I = index of concentration at the extremes:
race & income; SDI = social deprivation mdex.
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Conclusions |

e SES is complicated.

— A relational construct among individuals — varies across space, time,
culture.

e SES may confound or modify air pollution effects on health
— Or, mediation: Pollution may be one way SES “gets into the body.”

* Urge attention to:

— Thoughtful measurement of SES
* Appropriate to the population under study.
» Specific to hypothesized pathway(s).

— Issues of scale/ differential misclassification for air pollution & SES.



Conclusions Il

* The path forward:

— Elucidating components (stressors) within SES.

* Varying roles in confounding/ modifying effects of air pollution on health.

— Multiple-modifier models:
» Simultaneous modification by multiple (correlated) susceptibility factors.
— Mediated-modifier models

» To identify specific components (stressors) explaining modification by SES.

 To quantify that portion of the (large) SES effect on health which may be
attributable to pollution.
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Measuring SES: Composite metrics

PCA first-component
Candidate SEP variables (nh = 20) solution
Source: US Census American Communities Survey (2005-2009) Spatially- . .
- City-wide
Stratified

Education (among adults aged > 25)

% < High School

% BA or more X
Employment (among adult labor force, aged 20-64)

% unemployed X X

% males in labor force

% females in labor force
Housing

% renter occupied (among occupied units)

% vacant housing units (among total housing units)

% crowded (= 1 occupant per room, among occupied housing units) X X
Occupation (among full-time, year-round civilian employed population)

% adults in management or professional occupations | X |
Income

% households in poverty (< 200% Federal Poverty Line) X

% Families w/ annual income < $35,000 (2009 inflation-adjusted)

% female householders with children aged < 18

% households w/ public assistance income X

% households w/ Food Stamp benefits (in past 12 months)

Median household income (in the past 12 months)

% renter or owner housing costs in excess of 30% household income (in past 12
months)

Racial composition

% African American (non-Hispanic) X

% non-white (calculated as inverse of non-Hispanic white population) X Social Deprivation Index

% Hispanic

Language o High : 2.39

% speak English less than “very well” (among pop » 5 years old who speak a
language other than English at home) Low : -1.63

Humphrey et al 2019



Identifying a meaningful “neighborhood”

5. Please use this map to “draw” the outiine of what you think of as your neighborhood, using the mouse to add a series of points

Drawing Instructions

You can use the zoom and pan tool ¢
(on the left of the map), or your mouse, &

F.Y
to reposition the map, even if you've i >
%
already started drawing AW
1. Click one edge or corner of your #

neighborhood, and then each other -
corner that you want to make your
outhine. DELETE a point by clicking

onit k Siopd —

2. Click as many points as you
need. Click-and-drag to reposition 5
any point

3. Your completed neighborhood
should appear as a shaded shape

4. Start over any time by clicking
"Start Over / Refresh "

5. When you're done, press “FINISH
Next Page” to submit the map and
move on o

6. Click here to watch an instructional :
mowie on how to draw an outline '
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Start Over / Refresh | Note If your are nol seeing a8 map below, cick the “Start Over / Refresh® bution
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The intersection of Sterling Streel and Nostrand in Brooklyn, New York City, NY

Allartyc Ao

Table 4 Qualitative factors influencing neighborhood delineation

Factors influencing neighborhood delineation

3 Nostrand Ave

Quotations and examples™

Enowledge of administrative or political boundaries
Rautine walking distance
Time spent and use

Empere g

Familiarity/belonging

Clar

Cturch Ave

Landmarks

g Mag dats 02012 Goog

Community differentiation

Socioeconomic characteristics (New York only)

Transportation (New York only)

Meighborhood association boundaries; real estate divisions: street signs (Pittshurghl
Area | "cover on foot” (Pittsburgh)

"Daily walking route” (Mew York)

Leisure walking; dogwalking;

“Area | utilize” (Pittsburgh)

"Stores where | stop”™ (New Yark)

“Work, shop, and play” (Mew York)

Area where people feel comfortable;

"Feelhouses in the area are the same” (Pittsburgh)

“I know mast peaple™ (New York)

“Feelat home" (Mew York)

“Where | could offer welcome and help to someone visiting”™ (New York)
Major streets, parks, natural boundaries, and rivers;

“Railroad tracks” (Pittsburgh)

"Cemetery 15 a major break” (Pittsburgh)

"Point where | would feel | would be in a different neighborhood” (Pittsburgh)
"I tried to stay outside of the adjacent neighborhood"” (Pittsburgh)
"Where one ends and the other begins” (New York)

"Change in spirit in surrounding areas” (Mew York)

Race, class, and ethnic borders;

e.g., "Where the buildings start to get more expensive”

Subway stops

*Unguoted examples represent reasons stated in both cities, unles s specifically noted.

Shmool et al, Professional Geographer, 2018.




Multiple modifiers:
Violent crime & material deprivation

Risk of asthma ED visits with Ozone change by median-dichotomized crime and deprivation
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