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Interventions for Pulmonary Disease — A Narrative Review
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There is expansive literature documenting the presence of health disparities, but there are
disproportionately few studies describing interventions to reduce disparity. In this narrative
review, we categorize interventions to reduce health disparity in pulmonary disease within the
US health care system to support future initiatives to reduce disparity. We identified 211 articles
describing interventions to reduce disparity in pulmonary disease related to race, income, or
sex. We grouped the studies into the following four categories: biologic, educational, behav-
ioral, and structural. We identified the following five main themes: (1) there were few inter-
ventional trials compared with the breadth of studies describing health disparities, and trials
involving patients with asthma who were Black, low income, and living in an urban setting were
overrepresented; (2) race or socioeconomic status was not an effective marker of individual
pharmacologic treatment response; (3) telehealth enabled scaling of care, but more work is
needed to understand how to leverage telehealth to improve outcomes in marginalized com-
munities; (4) future interventions must explicitly target societal drivers of disparity, rather than
focusing on individual behavior alone; and (5) individual interventions will only be maximally
effective when specifically tailored to local needs. Much work has been done to catalog health
disparities in pulmonary disease. Notable gaps in the identified literature include few inter-
ventional trials, the need for research in diseases outside of asthma, the need for high quality
effectiveness trials, and an understanding of how to implement proven interventions balancing
fidelity to the original protocol and the need to adapt to local barriers to care.
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disparities in asthma,” COPD,” pulmonary
hypertension,” lung cancer screening,” and
respiratory disease in general.” In contrast to
the large body of work cataloging the
existence of health disparities, there has been
comparatively limited work on interventions

A growing body of literature highlights the
morbidity and mortality of health disparities
related to race," and socioeconomic status™’
in pulmonary disease. These data have led to
consistent calls from major pulmonary
societies for increased efforts to reduce
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to reduce these disparities. This gap in the literature
undercuts statements calling for aggressive action to
combat health inequity.

Developing interventions to mitigate health disparities is
complicated by tangled interactions of disease biology,
social factors, and structural racism and classism. Reducing
health disparity requires selection and tailoring of
interventions to address complex interactions of multiple
drivers of disparity. The Whitehead model of social
determinants of health (Fig 1)? is an influential framework
for conceptualizing this complex interplay because of its
simplicity and broad applicability. The Whitehead model,
similar to the many frameworks that have come after it,
highlights the cross interaction of biologic, individual,
social, environmental, and policy drivers on patient
outcomes. Here, we review interventions focused on
addressing health disparities in pulmonary disease through
the lens of the Whitehead model (Table 1). We sought to
catalog a broad range of intervention modalities and
identify the social determinants of health targeted by each
intervention as categorized by the Whitehead model. The
goal of this work is to provide physicians and researchers a
starting place for selecting an intervention for health
disparities that meets local needs.

Literature Search

The search strategy is detailed in e-Appendix 1. Briefly, a
search was crafted by the first author to identify articles
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Figure 1 — Dahlgren-Whitehead model of social determinants of health.
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addressing interventions for health disparities in
pulmonary disease (search conducted on July 21, 2021).
In the first round, we noted that most interventions were
for patients with asthma. Therefore, the first author
crafted targeted follow-up searches focused on COPD,
lung cancer, pulmonary hypertension, and interstitial
lung disease (searches conducted on November 29, 2021,
and February 22, 2022; search strategies detailed in
e-Appendix 1). In total, 3,480 articles were screened by
the first author with 130 articles selected for inclusion.
An additional 81 articles were identified from the
references of the included articles (e-Fig 1). Inclusion
criteria (defined a priori) were as follows: (1) detailed an
intervention; (2) addressed a disparity related to race,
sex, or socioeconomic status; and (3) carried out in the
United States. Reasons for article exclusion are detailed
in e-Table 1. We focused on interventions from the
United States given the unique nature of the US health
care reimbursement system and its well-documented
and persistent history of racial disparities.

We classified interventions into four categories (biologic,
educational, behavioral, and structural) with
subcategories in a framework we developed after review
of the identified literature (Table 2). We categorized
details of each intervention according to which
components of the Whitehead model were most closely
addressed, the population targeted by the study, and the
intervention strategy for the 211 identified studies

Water and
sanitation

Health
care
services

[ 164#1 CHEST JULY 2023 |



TABLE 1 | Description of Categorization Strategy for Mediator of Heath Disparities Addressed by Each Intervention
Based on the Dahlgren-Whitehead Model of Social Determinants of Health

Dahlgren-Whitehead Mediators

Category Name

Included Trials

Age, sex, and constitutional
factors

Individual lifestyle factors

Social and community networks

Biologic

Individual

Social

Interventions aiming to target unique biology leading to health
disparities (eg, differing dosing strategies for Black patients)

Interventions aiming to change patient knowledge of disease, change
adherence with treatment, and increase healthy behaviors

Interventions which improved patient interaction with local support

Living and working conditions Environment

General socioeconomic, cultural, Societal

and environmental conditions

networks (family, church, other patients) or facilitated access to
existing community resources

Interventions which sought to improve access to resources, housing,
education, food, and so forth

Interventions specifically tailored for the cultural experience of a
patient population or seeking policy change

(e-Tables 2-11). Each study was reviewed by two
independent reviewers. When disagreements arose, they
were settled by consensus between the first and senior
authors.

Evidence Review

Summary of Interventions

We describe the characteristics of the identified
studies in Table 2. Most of the articles screened
described a disparity rather than an intervention to
reduce the disparity. The most common disease
investigated was asthma (159 studies) followed by
lung cancer (36 studies) and COPD (10 studies). The
identified interventions often defined their population
by either socioeconomic status (176 studies) or race
(112 studies). Socioeconomic status was defined
variably but typically focused on either income or
locality. We grouped studies analyzing government
insurance, uninsured, or low income as low income
(84 studies). The most common location studied was
urban (85 studies), with six studies investigating rural
populations. The most common race studied was
Black (76 studies) followed by Hispanic or Latino
(20 studies). Only two studies addressed sex. We did
not identify any studies addressing sex identity or
sexuality.

Most studies addressed multiple domains from the
Whitehead model. The most common domains
addressed were social drivers of disparity, with 156
studies addressing environmental factors (eg, housing,
access to care, quality of care) and 91 addressing societal
issues (eg, policy, culture). Individual factors (eg, disease
knowledge, medication compliance) were addressed in
138 studies. Many earlier studies addressed individual
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factors alone, whereas many recent studies also
addressed societal drivers of disparity.

Pharmacologic Interventions

Pharmacologic studies sought to either confirm the
efficacy of standard of care in diverse patient groups or
determine if tailored therapy based on race could
improve outcomes (e-Table 2). This was based on the
hypothesis that socioeconomic status or biologic
correlates of race might impact medication effect. All
studies demonstrated that standard medical therapy was
efficacious in non-White and low income populations.
Multiple studies in lung cancer showed similar response
to treatment between Black and White patients,"’
despite observed real-world differences in outcomes.'’
In COPD and asthma, standard therapies were effective
in Black'” and inner city'’ patients. The Best African
American Response to Asthma Drugs (BARD) trial**
and the follow-up genomic study of its participants'”
demonstrated that although unique alleles mediating the
effect of inhaled beta-agonists are present in Black
patients, ancestry alone is insufficient to predict
individual treatment response. Self-reported race was
not demonstrated to be a reliable marker of differential
treatment response in multiple high-quality randomized
controlled trials (RCTs) with low risk of bias.

Screening

Increased rates of advanced stage lung cancer'' and
asthma® in non-White and low income populations
suggest that rigorous screening programs may be able to
reduce disparate outcomes through earlier targeted
interventions (e-Table 3). Interventions in asthma have
focused on individual mediators (ie, patient knowledge,
adherence), and used mail'® and internet'” asthma self-
assessments. These strategies had low utilization and did
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TABLE 2 | Characteristics of Interventions by Intervention Type

No. of
Intervention Categories and Subcategories Articles | Dahlgren-Whitehead Mediators Disease Methodology Population
Biologic
e-Table 2: pharmacologic 16 Biologic: n = 16 Asthma adult: n =7 RCT:n=7 Black: n =13
COPD: n=2 RCT re-analysis: n = 3 Non-White: n =1
Lung cancer: n =7 Prospective: n = 2 Urban: n=3
Retrospective: n =4
e-Table 3: improved screening 10 Biologic: n =6 Asthma: n =2 Implementation: n =1 Black: n =1
Individual: n = 2 Lung cancer: n = 8 Prospective: n = 5 Low income: n = 4
Environment: n = 10 Retrospective: n = 3 Non-White: n = 2
Pilot: n=1 Rural: n=1
Urban: n =3
Education
e-Table 4: telehealth 8 Individual: n = 8 Asthma: n=7 RCT: n=5 Black: n = 2
Social: n =1 Lung cancer: n=1 Prospective: n =1 Hispanic: n =1
Societal: n =3 Pilot: n =2 Rural: n=1
Urban: n =4
e-Table 5: in-person 25 Individual: n = 25 Asthma: n =21 Implementation: n =1 Black: n =13
Social: n =12 COPD:n=1 RCT: n=12 Chinese: n=1
Environment: n = 13 Lung cancer: n = 3 RCT re-analysis: n = 2 Hispanic: n =5
Societal: n = 14 Prospective: n =6 Low income: n =11
Retrospective: n =1 Low literacy: n=1
Pilot: n =3 Urban: n =12
Behavioral
e-Table 6: telehealth 17 Biologic: n = 2 Asthma: n = 15 RCT:n=6 Black: n = 10
Individual: n =17 COPD:n=1 RCT re-analysis: n = 2 Hispanic: n =1
Social: n=1 Lung cancer: n=1 Prospective: n =1 Low income: n =2
Environment: n =8 Pilot: n =8 Rural: n=1
Societal: n = 10 Urban: n =10
Women: n =2
e-Table 7: in-person 29 Individual: n = 29 Asthma: n = 26 Implementation: n = 2 Black: n =13
Social: n =15 COPD: n=3 RCT: n =15 Hispanic: n =5
Environment: n = 21 RCT re-analysis: n = 2 Low income: n = 13
Societal: n =7 Prospective: n =5 Urban: n =38
Pilot: n =5
e-Table 8: clinical trial inclusion 14 Social: n = 14 Asthma: n =8 RCT: n=1 Black: n =3

Environment: n = 14
Societal: n = 14

COPD:n=1
Lung cancer: n =5

RCT re-analysis: n = 2
Prospective: n = 2
Retrospective: n = 8
Pilot: n =1

Hispanic: n =3
Low income: n=1
Non-White: n = 2
Urban: n=7

(Continued)
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RCT = randomized controlled trial.

not improve outcomes in low income and non-White
patients.'® Lung cancer screening interventions
expanded screening criteria in low income and non-
White populations to address the biologic mediator of
higher observed malignancy rate.'® Environmental
factors (eg, poor access to care) were addressed through
free screenings'’ and mobile scanners.”’ The identified
screening studies were primarily prospective cohorts
with moderate to high risk of bias because of historical
controls and potential of selection bias.

Education: Telehealth

Telehealth educational interventions are appealing
because they are rapidly scalable, flexible, and can
address transportation barriers (e-Table 4). Early
interventions focused primarily on individual mediators,
seeking to increase knowledge of disease management in
high-risk groups. Interventions consistently improved
knowledge”' but had variable effect on outcomes.””
More recent studies have also sought to address societal
factors by culturally tailoring interventions with patient
input (eg, awareness campaign collaboratively designed
with patients which increased lung cancer screening in a
rural region).”> Conversely, a one-time viewing of an
educational video tailored for urban people with asthma
was ineffective at improving outcomes.”* The identified
studies were primarily RCTs with risk of bias because of
inability to blind participants and lack of description of
blinding of reviewers. Taken together, educational
telehealth interventions hold promise, but one-time
interventions, or interventions that focus only on
improving individual behaviors without tailoring for
cultural background, may be less likely to succeed.

Education: In-person

In-person education allows for more tailored
curriculum compared with telehealth, but comes with
increased dissemination challenges (e-Table 5). In-
person educational interventions had variable results
that could not be consistently attributed to any one
component. Successful interventions were delivered
by a range of instructors, including community health
workers,”” asthma educators,”® and peers.”’
Educational interventions targeted a range of
mediators of health disparities, most consistently
individual factors related to knowledge and

-

adherence,” and societal factors by tailoring
interventions to patient’s cultural backgrounds.*®
Social mediators were leveraged in trials that sought to
use peer instructors or group conversation.”’

Interventions that involved captive audiences who had
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less ability to opt in (eg, school children,*® patients in
the ED??) were less successful. The identified studies
were a mix of prospective cohorts with moderate to
high risk of bias because of selection and confounding
and RCTs with variable risk of bias, often from
challenges with blinding or lack of prespecified
primary outcomes. Successful educational
interventions take many forms, but the proportion of
enrolled patients who have self-identified lack of
knowledge as a barrier to their care may be an
important driver of success.

Behavioral: Telehealth

Multiple telehealth interventions sought to change
patient behavior through telemonitoring, treatment
reminders, and counseling (e-Table 6). Treatment
reminders’’ and telemonitoring of compliance”" have
been shown to be feasible, but sustained improvements
in adherence or outcomes have yet to be demonstrated.
One prospective cohort demonstrated reduced health
care utilization with nurse coordinator phone calls
triggered by rescue inhaler use tracked by remote
monitoring.”* More work is needed to understand how
to use telemonitoring and treatment reminders to
improve outcomes.

Telehealth counseling interventions included higher-
quality studies and were able to show improvements in
outcomes. A telephone coaching program targeted for
women with asthma reduced symptoms and improved
quality of life.”” An internet-based program focused on
improving adherence and smoking cessation improved
symptoms and reduced missed school days when
provided to school children.”* However, the true effect
size is hard to estimate because of the identified studies
having risk of bias because of variable challenges with
lack of prespecified primary outcome, potential selection
bias, and minimal description of blinding, despite most
studies being RCTs.

Behavioral: In-person

Multiple studies investigated in-person behavioral
counseling with encouraging results. In a pivotal early
study, Evans et al’> demonstrated that a social worker
teaching families asthma management and providing
connection to community resources could increase
symptom-free days (e-Table 7). This methodology of
bundling education, counseling, and access to
additional resources has proven effective across a range
of studies, whether carried out by asthma educators,”®
nurses,”’ or parent mentors.’® This methodology likely
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finds success because of addressing the multifactorial
causes of health disparities: individual factors of
knowledge and motivation, social factors by connection
to community resources, environmental factors by
improving access to care, and societal factors by
delivering an intervention which is culturally
appropriate. Again, many studies were RCTs but had
risk of bias from inability to blind.

Clinical Trial Enrollment

Development and validation of interventions to
reduce health disparities will require effective patient
recruitment techniques (e-Table 8). It is well
established that non-White and low income patients
are underrepresented in therapeutic trials,”” despite
emerging evidence that they may be overrepresented
in stage I safety trials.”” Multiple mediators of health
disparities were addressed in interventions conducted
across a range of pulmonary disease states to improve
clinical trial enrollment: societal mediators (eg,
mistrust of medical system because of past research
malfeasance,”’ language barriers)** and
environmental mediators (eg, transportation,
challenges adhering to strict data collection
schedules).”” Most frequently, these barriers were
overcome using social mediators (eg, tapping into
existing community networks,”” recruiting face to face
with culturally competent staff).*” Intervention
bundles that increase diversity in clinical trials have
been described primarily in retrospective cohort
studies with low to moderate risk of bias (often
because of lack of comparator group); however, the
impact of the individual components of these
interventions is not fully understood.

Behavioral: Cleaning

The most described single intervention in our search was
environmental mitigation for patients with asthma
(e-Table 9). The studies identified by our search were
highly heterogeneous in the allergen they aimed to
reduce, the measures they used to reduce the allergen,
and supplementary services offered in addition to
allergen removal. Despite this, multiple studies
demonstrated improvements in quality of life,** health
care utilization,” and costs.*® Multifaceted interventions
including in-home asthma education were often
effective. It is unclear which components of an
environmental mitigation strategy are essential, and
which patients will benefit most. Detailed
recommendations regarding allergen mitigation that
describe study quality, acknowledge uncertainties, and
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describe populations that may benefit have been
published.”” These recommendations serve as a model
for future guidelines addressing interventions targeting
health disparities by recognizing that a single
intervention will not be appropriate for all patients, and
tailoring to individual circumstances will be essential.

Quality and Access to Care

Provider behavior is an important intervention target given
that non-White race and low socioeconomic status are
associated with less guideline-based treatment in asthma,*”
COPD," and lung cancer (e-Table 10).”° Provider
educational interventions improved quality of care in
asthma’' and expanded access to care for pneumoconiosis
in rural populations.” Standardization of care with paper””
or electronic medical record reminders”* improved quality
of care and outcomes in asthma. Focusing on quality of care
can address causes of health care disparities that are most
under physician control.

In contrast to successful interventions targeting the
provider, well-designed interventions focused on
improving patient utilization of office visits with nurse
educators”™ or patient advocates”™ did not improve
outcomes in the two such trials identified. One study
hypothesized that office visit quality would not be
improved because of complex social situations (eg,
homelessness).”” In qualitative interviews with patients
involved in the second study, patients in both the test
and control group reported improved communication
with provider leading to improved adherence, suggesting
the intervention may have changed provider behavior.”’
This suggests that provider behavior may be a higher
yield target for intervention.

Multiple studies improved outcomes with expanded
access to care. Free care™ or improved access to care
through care coordination®” improved outcomes in
multiple studies. The intensity of programing may be
important; for example, a high-quality study was unable
to improve asthma control with pediatric school
children with observed inhaled corticosteroid therapy,
potentially because of not providing medication on
weekends or holidays and high rates of school absences
by the study participants.”’ A wide range of study types
were used, including high bias risk retrospective studies
and RCTs with variable risk of bias (often because of
blinding or multiple outcomes).

Policy

An essential component of tackling health care
disparities is addressing the societal factors
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contributing to differing access to resources between
groups with varying levels of socioeconomic and
political power (e-Table 11). A private health care
system aiming to provide equitable care still saw Black
patients underusing specialists and overusing the ED
compared with White patients.®’ Multiple studies
investigated the role of Medicaid expansion through
the Affordable Care Act with variable results,®>°’
perhaps because of persistent cost barriers despite
Medicaid c:overage.2 In contrast, equitable outcomes
in lung cancer were shown in the Veterans’ health
system.®* More practically for health practitioners,
multiple studies described the ability of a coalition of
health care providers, patients, and community
representatives to increase access to care locally, and
lobby for improvements to health care.”
Interventions at the level of policy are challenging to
evaluate rigorously, and most of the described studies
were moderate to high risk of bias retrospective
cohorts and a few pre/post prospective cohorts.
Although work in this area may be traditionally
outside of the purview of the physician at the bedside,
developing coalitions of providers, patients, and
communities provides a pathway to instigate
necessary change.

Conclusions

Five main themes emerged in our review.

e There were few interventional trials compared with
the breadth of studies describing health disparities.
Trials involving patients with asthma who were Black,
low income, and living in an urban setting were
overrepresented.

e Race or socioeconomic status was not an effective
marker of individual pharmacologic treatment
response.

o Telehealth enabled scaling of care, but more work is
needed to understand how to leverage telehealth to
improve outcomes in marginalized communities.

o Future interventions must explicitly target societal
drivers of disparity, rather than focusing on individual
behavior alone.

o Individual interventions will only be maximally
effective when specifically tailored to local needs.

Of the 3,480 articles screened, 2,270 articles cataloged
disparities and only 130 described interventional trials.
Future studies seeking to document disparity should be
paired with studies to address the uncovered disparity.
Despite asthma being overrepresented, intervention
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classes with equal representation of asthma and
nonasthma pulmonary disease (pharmacologic, clinical
trial recruitment, policy) demonstrated similar findings,
suggesting the lessons learned in asthma may be
transferable to other pulmonary diseases. The most
common population targeted in the identified
interventions was urban, low income, and identified as
Black, often correlating with the underserved population
in closest proximity to the study institution. Although
tailoring was required, similar successes and hurdles
were seen in interventions targeting Hispanic and rural
patients. It will be important for future work to include
other marginalized groups (women, immigrants, rural,
LGBTQIA+, etc) to have the widest impact.

Although there are therapeutically important alleles with
differential expression between racial groups, self-
reported race was not effective for tailoring
pharmacologic therapy in pulmonary disease. It is likely
that observed racial disparities are related to external
social factors rather than genetic factors, given that race
is a poor marker of genetics,”” and multiple studies
demonstrate racial differences are heavily influenced by
social factors (eg, residential segregation,”” unequal
care).”® Self-reported race has an important role in
future genetic studies to ensure that study populations
reflect the full range of genetic diversity, but genetically
defined ancestry may be a more valid way to assess
biologic contributors to disparities.

Telehealth could improve access to care and help
disseminate interventions to reduce health disparity.
Telehealth interventions that did not include direct
interaction between the patient and a person (peer,
nurse educator) were often unsuccessful. In comparison,
personal interactions delivered in a telehealth format
(eg, telemonitoring of inhaler compliance paired with
nurse coordinator calls for noncompliance,” culturally
competent telephone counseling for Black women with
asthma®®) were often effective. Much work is needed to
understand how to best deliver health care virtually to
vulnerable populations, but the available literature
suggests that a human touch is still a powerful tool.

Important progress has been made over the last 40 years.
Early studies often focused on inner rings of the
Whitehead model (patient knowledge or adherence),
whereas recent studies were often explicit in targeting
the outer rings of the Whitehead model (improving
access to health care, cultural tailoring of intervention).
Using the framework put forth by Thomas et al,’” this
could be seen as moving from third generation
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interventions (addressing the individual but not the
social context causing disparity) to fourth generation
interventions (interventions that address the societal
inequity at the root of disparity). Future interventions
should be explicit in addressing not just individual but
societal drivers of disparity.

Dissemination was challenging for even well-designed
interventions.””’*”" A challenge in implementation of
health disparity interventions comes from the impact of
unmeasured social factors (health policy, access to
services, housing and food insecurity, education, etc) on
intervention efficacy. Because of this, an intervention
effective in a high-quality RCT could have disappointing
results when applied in a different social context.
Understanding which mediators of health disparities are
most related to observed outcomes within a structured
conceptual frame work will help investigators tailor
interventions to their local communities.””

Future Directions

A key component of addressing root causes of health
disparities will be robust inclusion of patients in the
design, testing, and implementation of interventions.
Most of the descriptive papers identified were
investigator driven and did not include the patient voice,
suggesting mediators of disparity important to patients
may still have been missed. Although many of the earlier
interventions were investigator driven, many of the
more recent studies went to great lengths to include
patient input. Community-based participatory research
methodology could help form collaborative partnerships
between health professionals, academics, and the
communities they serve to tailor interventions to local
barriers and strengths, to address root causes of
disparity.”” Rather than focusing on consistency, a focus
on flexibility and modifications to address the local
barriers to care will be important for successful
dissemination of health disparity interventions.

Limitations

Our review has several important limitations. We
carried out a structured search restricted to PubMed and
not a systematic review of the literature. However, with
our described search we were able to achieve our goal of
presenting a framework for physicians who are seeking
to address health disparities and identify characteristics
of successful studies. We focused on interventions
trialed within the United States to examine interventions
developed in a similar social and economic context.
Although this provided consistency, we certainly missed
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important work done internationally that could be
applied in the United States, and illuminate the impact
of differing social and economic structures. Finally,
although we describe in brief the quality of the studies,
we did not complete a formal assessment of bias on all
included studies.

Summary

There are well-documented health disparities in
pulmonary disease related to factors such as race,
socioeconomic status, and sex. A wide range of
interventions have been trialed to address these
disparities with varying results. The main driver of
success is likely how well the intervention addresses the
most pertinent local drivers of disparity. Future work is
needed to rigorously validate interventions to reduce
disparity and to understand how to tailor validated
interventions to local needs to facilitate dissemination.
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