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Health Equality vs. Health Equity
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Outline
• Background

• Two Analytic Challenges
1. Confounding, Effect Modification, and 

Mediation
2. Multi-level Models and Neighborhood Health 

Effects

3



ANALYTIC CHALLENGE #1
Confounding, Effect 
Modification, Mediation
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Homework Question #1
• What are the different ways to account for SES in 
an analytic model when investigating racial/ethnic 
health disparities? (Hint: you should have three 
options). Discuss the interpretations/implications 
of each approach as it relates to the interest in 
understand health disparities by race/ethnicity.

5



Do Disparities Exist?
• Research Question: Are there differences in a particular 

health outcome by race/ethnicity

What are the basic set of confounders we should adjust for in an analytic 
model??
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Example of Adjusting for Confounders

7

CDC Chartbook 2015



Example of Adjusting for Confounders
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Do Disparities Exist?
• Research Question: Are there differences in a particular 

health outcome by race/ethnicity

What are the basic set of confounders we should adjust for in an analytic 
model??

yi = β0 + β1x1 + β2x2 +…+ εixi
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Why Do Racial/Ethnic Disparities 
Exist?
• Research Question: What are the mechanisms linking 

race/ethnicity and health

What are the mediators we should adjust for in an analytic model??

10



Approaches to Health Disparities 
Research
1. Genetic Model
2. Fundamental Cause Model
3. Pathways Model
4. Interaction Model
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Explaining Black-White Differences in CHD:
The REGARDS Study

Safford MM et al., 2012: Journal of the American Medical Association
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Factors that Mediate Racial/Ethnic 
Disparities in US Fetal Death Rates

• Objective: To determine the importance of 
socioeconomic factors, maternal comorbid 
conditions, antepartum and intrapartum 
complication of pregnancy, and fetal factors 
in mediating racial disparities in fetal deaths
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Factors that Mediate Racial/Ethnic 
Disparities in US Fetal Death Rates
• Study Design: Retrospective Cohort Study 
of hospital-based deliveries (gestational age: 
22-44 weeks) in California, Missouri, and 
Pennsylvania

• Study Period: 1994-2005

• Sample size: N=7,104,674 births
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Fetal Death Rate by Race/Ethnicity
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Lorch SA, et al., 2012 AJPH
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Baron and Kenny Mediation Framework
• Mediation testing. On the basis of Baron and Kenny’s 

framework, a set of factors may mediate the relationship 
between racial/ethnic group and fetal death risk if the 
following conditions are met: 

1. Racial/ethnic group is associated with fetal death risk.

2. Racial/ethnic group is associated with a set of potential 
mediating factors.

3. A set of potential mediating factors are associated with the risk 
of fetal death.

4. Including both racial/ethnic group and the set of mediating 
factors in a model changes the association between fetal death 
and racial/ethnic group observed in condition 1.

Lorch SA, et al., 2012 AJPH
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CONDITION 1
• In unadjusted analysis, all 3 racial/ethnic groups 
had higher odds of a fetal death than did non-
Hispanic White women 
• Blacks: OR = 2.24; 95% CI = 2.08, 2.42; 

• Hispanics: OR = 1.37; 95% CI = 1.28, 1.47; 

• Asians: OR = 1.18; 95% CI = 1.09, 1.28
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CONDITION 2 
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CONDITION 3
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Modeling Approach
• Sequential logistic regression models

• Model A: Unadjusted
• Model B: Socioeconomic factors
• Model C: Preexisting maternal conditions
• Model D: Antepartum and intrapartum complications
• Model E: Fetal factors
• Model F: Delivery hospital

• 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 % =
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐.𝑓𝑓𝑓𝑓𝑓𝑓 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 −𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐.𝑓𝑓𝑓𝑓𝑓𝑓 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 (𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐.𝑓𝑓𝑓𝑓𝑓𝑓 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)

Non-parametric bootstrapping to determine confidence 
intervals for mediation %
Lorch SA, et al., 2012 AJPH
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CONDITION 4
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Lorch SA, et al., 2012 AJPH
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Lorch SA, et al., 2012 AJPH
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OR=1.18
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Lorch SA, et al., 2012 AJPH
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OR=1.37

OR=1.23*

OR=1.05*

Hispanic-White Difference 35.8%

64.2%
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The Mediation Model
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• Step 1: X  Y (test path c)
• Step 2: X  M (test path a)
• Step 3: M (and X) Y (test path b)
• Step 4: X (and M)  Y (test path c′)

Note that Steps 3 and 4 use the same 
regression equation

The Four Step Approach
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Problems with Basic Mediation 
Analyses

• Linearity

• Normal Distribution of Errors
• Interval level of measurement of M and Y

• Equal Error Variance

• Independence
• No clustering

• X and M Do Not Interact to Cause Y

30
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Causal Assumptions
• No Measurement Error

• for M and X 

• No Omitted Variables
• all common causes of M and Y, X and M, and X 
and Y measured and controlled

• No Reverse Causal Effects
• M and Y not cause X
• Y may not cause M

31



How do we eliminate racial/ethnic 
health disparities?
• Research Question: Does one size fit all? Does the 

magnitude of racial/ethnic differences in health depend on 
a third variable

What are the effect modifiers we should test for???
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Problems with Effect Modification
• Effect modification is not the same as statistical 

interaction
• Should you test for all two-way interactions in a model?

• Effect modification is not a bias or threat to internal validity
• There are power issues in testing for interactions
• Additive vs. multiplicative interactions

• Should we really expect any treatment to have the same 
effect for all?
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Example of Effect Modification
• Objective: To determine whether racial/ethnic 
differences in adequate and excessive 
gestational weight gain vary by pre-pregnancy 
weight class
• Three study outcomes: inadequate weight gain, 
excessive weight gain 

34

Headen IH, Mujahid MS et al., 2015 Matern Child Health J



Example of Effect Modification
• Study Design: Prospective Cohort Study, US 
Bureau of Labor Statistics National Longitudinal 
Survey of Youth (NLSY)

• Study Period: 1979-2010 (annual follow-up 
through 1994 and biannual thereafter)

• Sample size: N=6,849 births
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Race/Ethnicity, Pre-pregnancy BMI and 
Inadequate Gain
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Headen IH, Mujahid MS et al., 2015 Matern Child Health J

Black-white: RR=1.26 [1.13-1.41]; Hispanic-White: RR=1.22 [1.07-1.40]

P-value for interaction=0.08



Race/Ethnicity, Pre-pregnancy BMI and 
Inadequate Gain

38

Headen IH, Mujahid MS et al., 2015 Matern Child Health J

Black-white: RR=1.06 [0.99-1.14]; Hispanic-White: RR=1.03 [1.95-1.12]

P-value for interaction=0.17



How do we eliminate racial/ethnic 
health disparities?
• Research Question: Does a exposure-health outcome 

association vary by racial/ethnic groups
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How do we eliminate racial/ethnic 
health disparities?
• Why might we think the association between an exposure 

and an outcome be differential by race/ethnicity

40

Measurement error of exposures
Lack of equivalence of exposures values
Differential mechanisms



ANALYTIC CHALLENGE #2
Multi-level Models and 
Neighborhood Health 
Effects
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Homework Question #2
• Select a research question investigating 
associations between multi-level social 
factors (operating at least two levels) and any 
health outcome. State the exposures and 
outcomes, the additional study covariates that 
would be included in the analytic model, and a 
discussion of the analytic considerations in 
an multi-level investigation
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Rockridge

Sources: www.transcolation.org, 
www.csua.berekeley.edu.
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West Oakland
(www.eirikjohnson.com/westoakland
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Counterfactual Question
• Suppose W. Oakland has double the mortality rate 

compared to Rockridge

• Does this mean your mortality risk would increase if you 
moved from Rockridge to W. Oakland?

• What if W. Oakland has twice the rate of poverty 
compared to Rockridge (and being poor doubles your 
mortality risk)

• But you yourself are not poor?

47

Adapted from I. Kawachi
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Individual and Neighborhood Effects

Neighborhood A Neighborhood B
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Individual and Neighborhood Effects

Neighborhood A Neighborhood B

Individual 
Attribute 

Protection
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Individual and Neighborhood Effects

Neighborhood A Neighborhood B

Individual 
Attribute 

Protection

Neighborhood 
Characteristic 

Protection



Compositional vs. Contextual
• Compositional – the difference that people make to 
places

• Contextual – the difference that places make to 
people
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Types of Multilevel Question
Question Number of levels

Is there an association
between neighborhood food 
availability and diet
Is there an association 
between BMI and changes 
in blood pressure over time?
Is there an association 
between provider 
characteristics and treatment 
compliance among patients 
with type 2 diabetes
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Types of Multilevel Question
Question Number of levels

Is there an association
between neighborhood food 
availability and diet

2 levels: people nested 
within neighborhoods

Is there an association 
between BMI and changes 
in blood pressure over time?

2 levels: time nested within 
people

Is there an association 
between provider 
characteristics and treatment 
compliance among patients 
with type 2 diabetes

2 levels: people nested 
within providers
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Types of Multilevel Question
Question Number of levels

Is there an association between 
neighborhood food availability and 
changes in diet over time? 
Is there an association between 
provider and hospital
characteristics on breast cancer 
recurrence for women with breast 
cancer?
Is there an association between city 
and neighborhood level 
characteristics in relation changes 
in blood pressure over time
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Types of Multilevel Question
Question Number of levels

Is there an association between 
neighborhood food availability 
and changes in diet over time? 

3 levels: time, 
individuals, 
neighborhoods

Is there an association between 
provider and hospital
characteristics on breast cancer 
recurrence for women with breast 
cancer?

3 levels: individuals, 
providers, hospitals

Is there an association between 
city and neighborhood level 
characteristics in relation changes 
in blood pressure over time

4 levels: time, 
individuals, 
neighborhoods, cities
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Multi-level Analysis: A Conceptual Overview

Individuals (level 1) nested within six neighborhoods (level 
2).

Good health

Income

Fixed intercept, Fixed slope Model – Ignoring Neighborhood Context
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Random intercepts, Fixed slopes

Good health

Income

Each neighborhood represented by a separate line at varying 
distances from average relationship indicated by thick line, i.e. 
intercepts allowed to vary.
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Putting it into equations…
Individual-level regression model

yi = β0x0i + β1x1i + (ε0ix0i)

Outcome:

Good health 
score

Fixed part of 
regression model:

Intercept & slope, 
where x1 = income

Random part of 
regression 
model:

“Residual”
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Neighborhood regression model
(assuming health depends only on neighborhood context)

Micro model (for health of ith individual in jth 
neighborhood):

yij = β0jx0ij + ε0ijx0ij

Macro model (at neighborhood level, allowing 
intercept to vary):

β0j = β0 + u0j

Health in each of j neighhorhoods depends on fixed average β0, plus random difference 
allowed to vary for each neighborhood (uoj).
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Putting individual and neighborhood 
models together…

Random intercept model

yij = β0x0ij + β1x1ij + (u0jx0ij + ε0ijx0ij)
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Intra-class correlation (ICC)
• Partitions variance in multi-level models attributable to 

individual vs. neighborhood levels

• ρ = (between-neighborhood variance) / (between-
neighborhood variance) + (between-individual, within-
neighborhood variance)

• Typically ranges between 5-10% in neighborhood studies 
(depending on health outcome)
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Social environment

Physical environment

Noise

Air pollution

Availability and relative cost of 
“healthy” foods
Food and tobacco advertising
Availability of tobacco

Diet

Smoking

Inflammation
Endothelial function
Heart rate variability
Arrythmia

Sleep 
disturbance and 
stress

Land use, density, street 
connectivity, urban form

Sport and leisure 
time physical 
activity

Walking

Accessibility of recreational 
resources 

Transportation, sidewalks,
bike lanes, Design of public spaces

Aesthetic quality Proximate biological factors
Blood pressure
Body mass index
Diabetes
Blood lipids
Stress response
Others

Clinical 
cardiovascular 
disease

Social norms

Safety and violence
Social support and cohesion

Stress and 
psychosocial factors

Behaviors (diet, physical activity, smoking)

Stress and 
psychosocial 
factors

Diez Roux AV, 2003: Journal of Urban Health
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Multi-Ethnic Study of Atherosclerosis

• A longitudinal study to identify risk factors for 
sub-clinical atherosclerosis
• 45-84 years; multi-ethnic
• Free from clinical CVD at baseline (2000)
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MESA Neighborhood Study
Comprehensive Assessment of Neighborhood Context

• Measurement Tools
• Surveys
• Geographic Information Systems (GIS) 
• Systematic social observation

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
MESA 
Exams EXAM1 EXAM2 EXAM3 EXAM4 EXAM5
MESA 
Neighborhood EXAM1 NEIGHBORHOOD EXAM5
Community
Survey 1 (NY, MD, NC) 2 (CA, NY) 3 (ALL SITES)

64GIS Measures: National Industries and Economies Data 



Walking/PA 
environment

1. My neighborhood offers many opportunities to be physically active.
2. Local sports clubs and other facilities in my neighborhood offer   many 
opportunities to get exercise.
3. It is pleasant to walk in my neighborhood.
4. The trees in my neighborhood provide enough shade.
5. In my neighborhood it is easy to walk places.
6. I often see other people walking in my neighborhood.
7. I often see other people exercise (for example jog, bicycle, play sports) 
in my neighborhood.

Availability of 
healthy foods

1. A large selection of fresh fruits and vegetables is available in my 
neighborhood.
2. The fresh fruits and vegetables in my neighborhood are of high quality.
3. A large selection of low fat products is available in my neighborhood.

Safety 1. I feel safe walking in my neighborhood day or night.
2. Violence is not a problem in my neighborhood.
3. My neighborhood is safe from crime 

Social cohesion 1. People around here are willing to help their neighbors.
2. People in my neighborhood generally get along with each other.
3. People in my neighborhood can be trusted.
4. People in my neighborhood share the same values 

Development of Survey-based Measures
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Scale items

Individuals

Neighborhoods

Psychometrics
Internal consistency
Test-retest reliability

Ecometrics

Raudenbush SW, Sampson RJ (1999) 

From Psychometrics to Ecometrics



Raudenbush SW, Sampson RJ (1999) 
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From Psychometrics to Ecometrics
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Ecometric Measures
1. Intraneighborhood agreement (ICC) 

• % of variability in neighborhood scale items that lies 
between neighborhoods as opposed to within 
neighborhoods 

• range: (0-1)

2. Neighborhood reliability
• The accuracy of the model estimate as a measures of 

the true neighborhood dimension 

• range:(0-1) [ ]
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Scales Have Good Psychometric and 
Ecometric Properties

Construct Cronbach’s
Alpha

Test-retest
[95% C.I]

Intra-neighborhood 
Correlation

Neighborhood 
Reliability

Aesthetic quality 0.75 .83 [.77, .88] 0.51 0.78

Walking environment 0.73 .60 [.47, .71] 0.43 0.73

Availability of healthy 
foods

0.78 .69 [.57, .77] 0.28 0.64

Safety 0.77 .88 [.83, .91] 0.37 0.77

Violent crime 0.83 .72 [.62, .80] 0.34 0.72

Social cohesion 0.74 .65 [.53, .74] 0.31 0.68



Individual SBP

Neighborhoods

City

Level 2 
(N=39)

Level 3 (N=1)

Raudenbush SW, Sampson RJ (1999) 

From Psychometrics to Ecometrics

Level 1
(N=25,000)



Raudenbush SW, Sampson RJ (1999) 

ijk0jkijk ebY +=:1 Level

0jkk0jkb αβ += 00:2 Level

kk U0000000:3 Level += γβ

( )b0jk N τα ,0~

( )2,0~ σNeijk

( )ητ,0~ NU00k

Variance components



Merlo J, et al, 2005, J Epidemiol Community Health
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Example: Two-level Patients and 
Hospital Characteristics

77

Cho SH, Nursing Research 2003



Example: Two-level Patients and Hospital 
Characteristics
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Cho SH, Nursing Research 2003



Oakes’ Critique of Multilevel Approach
• Social stratification sorts individuals into different 

neighborhoods

• By controlling for individual compositional effects of social 
class, the multilevel analyst runs the risk of making 
adjustments until “there is nothing for the neighborhood 
variables to explain”

• But if we don’t control for individual social class, we run 
the risk of residual confounding

• Even if we could find poor people living in affluent 
communities (or vice versa), “these people are 
exceptions to the rule and should not be given the same 
level of statistical credence as the majority”

Oakes JM. Soc Sci Med 2004; 58:1929-52.
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Dealing with Selection
• Standard Approach: Control for a set of measured 
individual characteristics

• Pitfall #1: Undercontrol
• Variables involved in the sorting of people into 

neighborhoods are omitted or poorly measured

• Pitfall #2: Overcontrol
• Including in the model variables that are causally 

“downstream” from Wj

• Especially those on the causal pathway between Wj and 
Yij
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Summary
• There is no right answer on model building in health 
disparities research

• Decisions depend on the research question and the 
conceptual framework guiding the research

• Analytic challenges are not unique to health 
disparities research, but often this research is more 
scrutinized in the literature
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