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Mario F. Pereza,* and Maria Teresa Coutinhob

aDepartment of Medicine, Pulmonary, Critical Care and Sleep Medicine, University of Connecticut School of Medicine, 
Farmington, CT, USA; bDepartment of Psychiatry and Human Behavior and Department of Pediatrics; Bradley/Hasbro Children’s 
Research Center, Warren Alpert Medical School, Brown University, Providence, RI, USA

Asthma is a heterogeneous disease characterized by inflammation in the respiratory airways which 
manifests clinically with wheezing, cough, and episodic periods of chest tightness; if left untreated it can 
lead to permanent obstruction or death. In the US, asthma affects all ages and genders, and individuals 
from racial and ethnic minority groups are disproportionately burdened by this disease. The financial cost 
of asthma exceeds $81 billion every year and despite all the resources invested, asthma is responsible 
for over 3,500 deaths annually in the nation. In this overview, we highlight important factors associated 
with health disparities in asthma. While they are complex and overlap, we group these factors in five 
domains: biological, behavioral, socio-cultural, built environment, and health systems. We review the 
biological domain in detail, which traditionally has been best studied. We also acknowledge that implicit 
and explicit racism is an important contributor to asthma disparities and responsible for many of the socio-
environmental factors that worsen outcomes in this disease.
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INTRODUCTION

Asthma is one of most prevalent respiratory diseases 
in the United States and it is estimated that over 25 million 
Americans suffer this condition including 6 million chil-
dren [1]. Asthma is a heterogeneous respiratory disease 
characterized by airway inflammation. It presents with 
variable symptoms of wheeze, shortness of breath, chest 
tightness, and/or cough in addition to airflow limitation 
[2]. This constellation of symptoms and airflow limitation 
can vary in frequency and intensity and is often triggered 
by exercise, viral respiratory infections, exposure to envi-
ronmental allergens and chemicals, or changes in weather 
among other factors [2]. The estimated financial burden 
of asthma exceeded $81 billion in 2013 [3]. This figure 

likely underestimates the current costs of asthma care, as 
the number of prescriptions for novel and expensive med-
ications targeting biological pathways is increasing [4].

In the US, the burden of asthma is disproportionately 
borne by racial and ethnic minority groups and the eco-
nomically disadvantaged (Figure 1) [1]. The prevalence 
of asthma among Puerto Rican and non-Hispanic Black 
children (21.2% and 14.5%, respectively) is higher than 
among non-Hispanic White and Mexican American 
children (8.2% and 7.5%, respectively). While recent 
studies make the distinction between Hispanic Whites 
and Non-Hispanic Whites, most of the studies presented 
do not make those distinctions, however when possible 
we note this issue. Similarly, the prevalence of asthma 
is higher among individuals of low socioeconomic status 



Perez and Coutinho: Health disparities in asthma498

(SES) compared with those of high SES [1]. Although 
asthma mortality is trending down [5], asthma was re-
sponsible for the deaths of more than 3,000 Americans in 
2019 [1]. Asthma mortality rates are highest for adults, 
women, and African Americans. African Americans have 
a mortality rate twice as high as White Americans (21.8 
vs 9.5 death rate per million) [1]. The underlying factors 
contributing to these disparities are multiple and complex, 
but can be categorized in five domains: Biological, Be-
havioral, Sociocultural Environment, Built Environment, 
and Healthcare System (Figure 2) [6]. In this article, we 
provide a brief overview focusing on biological factors 
relevant to racial and ethnic group disparities in asthma, 
while also highlighting significant findings related to the 
behavioral, sociocultural, built environment, and health-
care system domains that are important to consider.

BIOLOGICAL DOMAIN

Genetics and Ancestry
There are several reports associating asthma and 

lung function with genetic ancestry, which supports the 
hypothesis that racial and biological factors contribute 
to differences observed in asthma prevalence between 
different racial and ethnic groups in the US [7-10]. Ge-
nome-wide association studies (GWASs) of asthma have 
identified many risk alleles and loci representing almost 

all chromosomes in the human genome. The 6p21, 2q12, 
5q22, and 9p24 loci have been consistently and frequent-
ly reported in large GWASs in asthma, but the 17q12-21 
locus is recognized as the most replicated and most sig-
nificant asthma locus [11,12]. This locus has been asso-
ciated with early-onset asthma among European, Asian, 
and Latino individuals. However, the association for the 
17q12-21 locus and populations from African ancestry, 
until recently, had been less robust secondary to a lower 
linkage disequilibrium for this area of the genome in the 
population of African ancestry [11,13,14]. Nevertheless, 
researchers using whole genome sequencing recently 
reported an association between this locus and asthma in 
three large cohorts of African American individuals and 
demonstrated that the effect is similar to populations of 
European descent, supporting the hypothesis that varia-
tion in this locus is associated with variation in asthma 
phenotype [15].

It is reported that Hispanics and Latinos in the US 
have a lower prevalence of asthma when compared to the 
general population and to White Americans (Figure 1) 
[1,16-18]. The finding of better health outcomes (in this 
case, asthma) in a population with worse socioenviron-
mental risk factors represents a paradox which has been 
labeled by epidemiologists as the “Hispanic paradox” 
[19]. However, within Hispanics there are significant 
differences in asthma prevalence, with Puerto Ricans 

Figure 1. Trend in asthma prevalence in the US among Whites, African Americans and Hispanics from 2007 
to 2017. Source: Center for Disease Control and Prevention. https://www.cdc.gov/asthma/national-surveillance-data/
default.htm
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having a much higher prevalence than those from other 
regions such as Mexicans (16.1% vs 5.4%) [1,20,21]. 
Some research studies suggest that this disparity in 
asthma prevalence among Hispanics could be explained 
by differences in the degree of African ancestry among 
different Hispanic groups and even within a single ethnic 
group such as Mexicans [22]. Supporting this theory, 
there is at least one study showing that even after adjust-
ing for confounders such as socio-economic status and 
other environmental factors, Black Mexicans have higher 
odds of asthma (Odds Ratio (OR) 1.56 (95% Confidence 
Interval (CI) 1.14–2.15)) suggesting that African ancestry 
accounts for some of the disparity reported even within 
the same ethnic group [23,24].

Collectively, these reports support ancestry and 
genetic makeup as factors contributing to the observed 
disparity in the prevalence of asthma in the US. Never-
theless, asthma is a polygenic and multifactorial disease 
as supported by data reported in twin siblings’ studies. 
These studies have shown that a twin sibling of an 
asthmatic monozygotic twin (identical twin) not always 
goes into developing asthma, although their risk is in-
deed higher than other siblings including heterozygous 
(non-identical) twins (OR 20.69 (95% CI 15.08-28.38) 
vs 4.24 respectively (95% CI 2.97-6.06)) [25]. Therefore, 
the impact of ancestry in this disease is difficult to quanti-
fy and confounded by multiple other factors such as envi-
ronmental exposures and many other social determinants 
of health that can be difficult to study and to account for 

epidemiologically.

Asthmatic Phenotypes
Francis Rackemann initially identified two distinct 

asthmatic almost 100 years ago [26]. He described a 
group of atopic younger asthmatics in whom the disease 
was mainly driven by allergens and environmental trig-
gers and labeled this extrinsic asthma. This contrasted 
with intrinsic asthma, which he described in older patients 
who did not have atopy. Since then, significant progress 
has been made in our understanding of the heterogeneity 
of this disease and in the multiple biological inflamma-
tory pathways involved. Large cohort studies indicate 
at least four clusters of asthmatics based on clinical and 
biological traits: (1) early-onset mild allergic asthma, 
(2) early-onset allergic moderate-to-severe remodeled 
asthma, (3) late-onset non-allergic eosinophilic asthma, 
and (4) late-onset non-eosinophilic non-allergic asthma 
[27]. These phenotypic differences may also be based on 
race/ethnicity, as suggested by recent studies revealing 
that airway inflammation in asthma may differ between 
African Americans and Whites, with the former group 
having a higher proportion of eosinophils in the airways 
when treated by inhaled corticosteroids (ICS) and/or neu-
trophils when measured in sputum [28,29]. Furthermore, 
racial differences in predictors of severe asthma have 
been found including serum immunoglobulin E (IgE) lev-
els and family history of severe asthma. Both of these are 

Figure 2. Factors that contribute to persistent health disparities in asthma.
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tion of beta-agonist and steroids is quickly generated and 
explains why misdiagnosis of respiratory disease could 
be as high as 1 in 3 of all patients who have been given 
the diagnosis of asthma by medical providers [39,40]. 
Studying how this affects the differences in asthma prev-
alence among populations that have been traditionally 
underserved is an important priority. Similarly, there is an 
urgent need to better understand the therapeutic response 
to asthma therapies among racial and ethnic minorities 
and to increase their participation in clinical trials [41]. It 
has been shown that African American patients may re-
spond differently to corticosteroids when compared with 
White patients [42-44]. Additionally, significant racial 
differences have been found in response to beta agonists, 
with use of the long acting beta agonist (LABA) salmeter-
ol associated with higher risk of death or life-threatening 
events among African Americans who have a risk ratio 
(RR) of asthma-related deaths or life-threatening experi-
ence of 4.92 (95% CI 1.68-14.45) [45]. At least one trial 
has shown that Hispanics and non-Hispanic White chil-
dren have better responses to stepping up therapy with 
LABA than higher doses of ICS, while African American 
children were less likely to respond to adding leukotriene 
receptor antagonists to their regimen [46]. More recent-
ly, another trial showed that African American children 
had better response to increasing the dose of ICS, while 
African American adults with asthma had better asthma 
control when adding LABA [47]. A potential explanation 
for differences in response to medications among Afri-
can Americans and other minority populations could be 
related to genetic variants in the receptors for these phar-
maceutical agents, which are distributed differentially 
according to racial background [48,49].

More recently the therapeutic approach to the 
asthmatic patient has been broadened by better pheno-
typic characterization and the recognition of particular 
inflammatory pathways that can be targeted through 
novel medications produced in living organisms. These 
medications are commonly known as biologicals. Cur-
rently, there are five biologicals approved by the Federal 
Drug Administration for use in asthma, particularly for 
asthma characterized by a T2 high phenotypic profile. 
Thus, omalizumab (Anti-IgE) is approved for moder-
ate-to-severe allergic asthma; dupilumab (Anti IL-4/IL-
13) is approved for moderate-to-severe asthma with an 
eosinophilic phenotype or with oral corticosteroid-depen-
dent asthma; and mepolizumab (Anti-IL5), reslizumab 
(Anti-IL5), and benralizumab (Anti-IL-5 Receptor alpha) 
are approved for severe eosinophilic asthma [50]. These 
medications have been shown to significantly affect im-
portant outcomes in asthma care, including healthcare 
utilization, number of asthma exacerbations, the use of 
systemic corticosteroids, and quality of life among others 
[50]. However, this class of medications may be utilized 

predictors of severe disease in African Americans (IgE 
level OR of 2.12 (p= 0.014) and two or more members in 
the family with a history of asthma OR 2.79 (p= 0.026)), 
but are not predictors of severe disease in Whites.[30] 
Additionally, African ancestry and comorbidities such as 
chronic sinusitis (OR 2.8 (95% CI 1.51-5.07)), allergic 
rhinitis (OR 2.2 (95% CI 1.03-4.68)), and gastro-esoph-
ageal reflux (OR 2.2 (95% CI 1.17-4.13)) are associated 
with asthma exacerbations in African American individ-
uals [31].

Proper phenotypic characterization is important to 
personalize therapies with maximum benefit while min-
imizing risks and toxicity. However, some of the tools 
used to clinically characterize airway inflammation have 
not been appropriately tested among racial and ethnic 
minority populations. Most studies from which “normal” 
parameters have been derived have been conducted in 
mainly Non-Latino White cohorts. An example of this 
lack of appropriate normal ranges was recently identified 
as fractional exhaled nitric oxide (FeNO) [32]. Elevated 
FeNO serves as a surrogate of the inflammatory effects 
of the cytokines IL-4 and IL-13 in the airways, with 
higher levels suggesting the presence of airway eosino-
philic inflammation and steroid responsiveness (T2 high 
asthma) [33]. However, the current acceptable values 
could misclassify a significant proportion of individuals 
from racial and ethnic minority populations [32,34]. This 
demonstrates the need for further research among minori-
ty populations to allow personalized care and improve 
outcomes in asthma.

Nevertheless, potential differences in pulmonary 
function tests need to be explored carefully and in large 
diverse populations, while understanding that race and 
ethnicity are constructs mainly determined by social and 
environmental factors. Even as of today, controversy ex-
ists regarding how to properly interpret some of the pul-
monary function tests including spirometry since racial 
corrections are automatically applied based on data that 
is based on “potential differences on body build” and may 
lack biological foundation [35,36]. Therefore, clinicians, 
researchers, and the public in general ought to be cau-
tious, as most of these reported differences in pulmonary 
function based on race or ethnicity are based on ill-con-
ceived research and even eugenics that have transcended 
time rather than true biological differences [37].

Personalized Therapies
The heterogeneity of asthma as a disease combined 

with the lack of a single objective diagnostic test has led 
clinicians to overuse this diagnosis for a variety of respi-
ratory complaints. This hampers progress towards better 
understanding the disease and the development of more 
advanced therapies [38]. For most patients presenting for 
healthcare with a persistent cough and wheeze, a prescrip-
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toms, appropriate medication use, including adherence to 
daily controller medication as well as administration of 
quick relief medications when indicated [2]. The evidence 
available shows that racial and ethnic minority patients 
with asthma have lower rates of medication adherence 
when compared with Non-Latino Whites, contributing to 
ongoing health disparities in asthma [59,60]. The reasons 
for lower levels of medication adherence are varied and 
have been conceptualized as relating to individual patient 
factors such as medication beliefs, preference for com-
plementary and alternative medicines, and depressive 
symptoms; patient-provider interaction factors such as 
language barriers and racial concordance; and healthcare 
system factors such as insurance coverage and pharmacy 
availability [60-63].

Psychosocial Stressors
For racial and ethnic minority groups, experiences 

of racism and discrimination contribute to psychosocial 
stress and negative health outcomes [64,65]. In asthma, 
perceived discrimination is associated with greater odds 
of worse asthma control and with higher odds of asthma 
among African Americans [66]. For African American 
caregivers, the perception of discrimination is associated 
with higher levels of asthma functional limitation and 
more frequent asthma-related emergency department 
use in their children. [67,68]. Parents and caregivers of 
children with asthma report higher levels of psychosocial 
stress and lower expectation of asthma control for their 
children [69,70]. Furthermore, psychosocial stress can af-
fect the therapeutic response to bronchodilators and glu-
cocorticoids [71,72]. Taken together, these reports support 
addressing and eliminating the sources of psychosocial 
stressors such as systemic racism and discrimination as a 
just and worthwhile strategy to improve asthma as well as 
general health for racial and ethnic minority populations.

BUILT ENVIRONMENT AND HEALTHCARE 
SYSTEM DOMAINS

Nutrition and Diet
Diets that are rich in fruits and vegetable may protect 

against asthma and reduce asthma severity [73-75]. Diet 
composition can modulate systemic inflammation, oxida-
tive stress, and the microbiome, all factors that have sig-
nificant effects on asthma [76]. Unfortunately, in the US, 
over 12% of households are at significant risk of limited 
or uncertain access to adequate food, a problem that is 
highly prevalent among racial and ethnic minority groups 
[77]. Furthermore, racial and ethnic minority populations 
are more likely to live in urban areas in which access 
to affordable and good quality fresh food is limited and 
this has been linked to higher asthma risk [78]. Micronu-

differently according to racial group and socio-economic 
status, with those who have access to specialty care and 
higher income more likely to be prescribed these type of 
medications and get better control of their disease [51]. 
Further studies monitoring the utilization of these novel 
and effective therapies should be encouraged and barriers 
to their use with racially diverse and low-income pop-
ulations should be identified and addressed. Moreover, 
efforts to recruit and include populations of minority 
origin should be made in order to properly determine 
the effectiveness of such novel therapies among them. 
Unfortunately, many of these clinical trials do not report 
the distribution of race and ethnicity among their partic-
ipants, limiting the generalizability of their findings and/
or the ability to conduct subgroup post-hoc analysis in 
these populations.

The Microbiome
Until recently, it was believed that the human lungs 

were sterile [52]; however, the existence of a healthy lung 
microbiome is now generally accepted and disturbance of 
this microbiome has been associated with different respi-
ratory diseases [53]. The human microbiome is affected 
by multiple factors that range from genetic composition 
to geographic location. Several studies have shown that 
exposure to a rich microbial environment early in life can 
protect against asthma development [54]. For example, in 
the US, the Amish community, which is genetically and 
culturally similar to the Hutterite community, has a much 
lower prevalence of asthma when compared to the latter, 
suggesting that environmental factors and the interaction 
between the genetic composition and the environment, 
perhaps through the microbiome, are responsible for 
differences in the risk of asthma [55]. Furthermore, some 
authors suggest that differences in the microbiome may 
be responsible for ethnic and racial disparities in asthma. 
Differences in the microbiome have been reported in dif-
ferent ethnic groups in the US [56]; however, it remains 
unclear if the differences in the microbiome are drivers of 
disease, and whether socioenvironmental factors attached 
to ethnicity are causing microbiome differences [57]. In 
addition to affecting the risk of asthma, the microbiome 
also affects therapy response, with at least one study 
showing that patients with corticosteroid-resistant asthma 
had higher levels of Proteobacteria and Fusobacteria in 
bronchoalveolar lavage samples compared to those who 
were corticosteroid responsive [58].

BEHAVIORAL AND SOCIOCULTURAL 
DOMAINS

Therapy Adherence
Asthma management involves recognition of symp-
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White neighborhoods, and even though progress has been 
made, these disparities persisted over the last 3 decades 
[92,93].

Furthermore, neighborhoods are also associated 
with differences in the prevalence of multiple diseases, 
including cardiovascular disease, obesity, and asthma, 
among others [94-97]. The effect of the neighborhood in 
health has been related in some studies to exposure to vi-
olence and overall safety perception [98]. Thus, Percep-
tions of poor neighborhood safety have been associated 
with worse asthma control (OR 2.2 (95% CI 1.2-3.9)), 
increased symptoms, use of rescue medications (OR 
4.7 (95% CI 1.7-13.0)), and activity limitation (OR 3.2 
(95% CI 1.3-4.0)) [67,98,99]. Poor housing is strongly 
associated with asthma (OR 1.45 (95%CI 1.28-1.66)) and 
with a higher number of asthma related emergency room 
visits (OR 1.59 (95%CI 1.21-2.10)) [100], and housing 
quality, affordability, and stability have been associated 
with better overall health outcomes [101,102].

This body of literature supports the concept that in 
order to improve asthma care and to tackle the dispari-
ties existing in this condition we consider interventions 
that transcend the clinical settings but that must address 
housing and environmental policies that have adversely 
affected the health of minorities in the US and the have 
been ingrained in society.

HEALTHCARE SYSTEM

There is a documented history of mistreatment of 
racial and ethnic minority patients in healthcare, includ-
ing substandard clinical care and discriminatory practices 
when accessing care [103]. Consequently, racial and 
ethnic minority patients endorse high levels of healthcare 
system mistrust, which is associated with lower satisfac-
tion with the care received and undermines a healthy pa-
tient-provider relationship [104-106]. African American 
caregivers of children with asthma reported higher levels 
of dissatisfaction with the patient-provider relationship, 
which is associated with lower odds of contacting the 
healthcare provider prior to a preventable emergency 
room visit [107]. Medical providers who serve racial and 
ethnic minority patients may be less adherent to asthma 
guideline recommendations and may underestimate 
their asthma severity, which is compounded by limited 
access to specialized care and medication affordability 
[59,108,109]. Implicit bias by providers significantly 
contributes to differences in asthma morbidity seen in 
minority populations [110]. Furthermore, for children 
with asthma, differences in caregiver perceptions of dis-
crimination leads to higher emergency room utilization 
for asthma and overall worse functional status [67,68]. 
On the other hand, racially and ethnically diverse urban 
caregivers who feel more confident and empowered to 

trients such as vitamin D are essential for good health. 
Vitamin D deficiency has been associated with asthma 
and atopy (OR 2.31; P < 0.001 and OR 1.59; P < 0.001, 
respectively) [79], and African Americans are more likely 
to have lower levels of vitamin D [80-82]. This body of 
literature supports public health policies aligned with the 
elimination of “food deserts” or urban areas where the 
lack of supermarkets or grocery stores limits the access 
to affordable high quality fresh foods with implications 
for asthma and overall health. Governmental efforts such 
as the supplemental nutritional assistance program also 
known as “SNAP” have shown significant benefits in 
reducing the number of emergency room visits due to 
asthma [83] and could contribute to eliminating the “eat 
or breathe” challenge that many low income families face 
[84] and overall healthcare [85]. However, negative pub-
lic perception of government safety net programs, such as 
SNAP, is a significant threat to their continued survival.

Air Pollution, Neighborhood Safety, and Housing
The over-representation of racial and ethnic minori-

ties in urban areas characterized by substandard housing, 
greater exposure to pollutants, and crime is the conse-
quence of longstanding policies. These policies stemmed 
from the Home Owners’ Loan Corporation that classified 
areas with higher concentration of African American 
households and other racial minorities as “least stable” 
or at higher financial risk outlining them in red, a practice 
that gave rise to the infamous term “redlining” [86]. This 
practice of redlining unfortunately was widespread across 
the country, contributing to worsening racial segregation 
and systematically decreasing the potential for wealth 
growth for racial and ethnic minority groups with many 
downstream effects in overall health for these populations 
[87-90]. For asthma in particularly, it has been reported 
that emergency visits are 2.4 times higher for residents 
of areas that were more likely to be redlined (median 
63.5 (IQR 34.3)) than areas that were less likely to be 
redlined (median 26.5 (IQR 18.4)). Even after adjusting 
for poverty rate, diesel exhaust particle emissions, and 
particulate matter (PM25) pollution levels, the risk ratio 
for residents of redlined areas of having an asthma related 
emergency room visit was almost 40% higher than for 
those from areas less likely to be redlined (RR 1.39 (95% 
CI 1.21-1.57)) [86].

Air pollution is a significant contributor to asthma 
incidence and morbidity across the world and it is esti-
mated that 4 million cases of new pediatric asthma could 
be attributable to a single pollutant: Nitrogen Dioxide 
(NO2), which is a gas commonly associated with traffic 
pollution [91]. Significant differences in regional air 
quality are reported within cities, with neighborhoods 
predominantly populated by minorities being affected 
disproportionately by air pollutants when compared to 
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12. Kim KW, Ober C. Lessons Learned From GWAS of Asth-
ma. Allergy Asthma Immunol Res. 2019 Mar;11(2):170–
87.

13. Igartua C, Myers RA, Mathias RA, Pino-Yanes M, Eng C, 
Graves PE, et al. Ethnic-specific associations of rare and 
low-frequency DNA sequence variants with asthma. Nat 
Commun. 2015 Jan;6(1):5965.

14. Ober C, McKennan CG, Magnaye KM, Altman MC, Wash-
ington C 3rd, Stanhope C, et al.; Environmental Influences 
on Child Health Outcomes-Children’s Respiratory Re-
search Workgroup. Expression quantitative trait locus fine 
mapping of the 17q12-21 asthma locus in African Amer-
ican children: a genetic association and gene expression 
study. Lancet Respir Med. 2020 May;8(5):482–92.

15. Gui H, Levin AM, Hu D, Sleiman P, Xiao S, Mak AC, et 
al. Mapping the 17q12-21.1 Locus for Variants Associat-
ed with Early-Onset Asthma in African Americans. Am J 
Respir Crit Care Med. 2021 Feb;203(4):424–36.

16. Subramanian SV, Jun HJ, Kawachi I, Wright RJ. Contribu-
tion of race/ethnicity and country of origin to variations in 
lifetime reported asthma: evidence for a nativity advantage. 
Am J Public Health. 2009 Apr;99(4):690–7.

17. Cagney KA, Browning CR, Wallace DM. The Latino 
paradox in neighborhood context: the case of asthma and 
other respiratory conditions. Am J Public Health. 2007 
May;97(5):919–25.

18. Camacho-Rivera M, Kawachi I, Bennett GG, Subramanian 
SV. Revisiting the Hispanic health paradox: the relative 
contributions of nativity, country of origin, and race/eth-
nicity to childhood asthma. J Immigr Minor Health. 2015 
Jun;17(3):826–33.

19. Markides KS, Eschbach K. Aging, Migration, and Mortal-
ity: Current Status of Research on the Hispanic Paradox. 

manage problems within their family reported a lower 
rate of emergency room utilization for their children’s 
asthma [111-113]. Therefore, supporting a diverse health-
care workforce, enhancing training to support culturally 
responsive healthcare services, and facilitating access to 
high quality and affordable healthcare should be priori-
tized as potential solutions to health disparities in asthma 
care. This along with culturally responsive education and 
empowerment of racial and ethnic minority patients to 
effectively manage their asthma may have a beneficial 
effect for asthma outcomes.

SUMMARY

Asthma is a highly complex and heterogeneous 
disease that is further complicated by social and behav-
ioral determinants of health. In the US, racial and ethnic 
minorities are disproportionately burdened, with higher 
prevalence rates and worse outcomes. Continued efforts 
to identify the contribution of factors within the biolog-
ical, behavioral, sociocultural, built environment, and 
healthcare domains is critical to allow systematic efforts 
to decrease asthma disparities. These efforts should be 
broad and far-reaching, ranging from identifying and 
developing targets in biological pathways to combating 
the entrenched effects of structural racism on health in 
order the diminish the burden of this disease. Beyond ex-
amining structural racism’s impact at the individual level 
(eg, interpersonal interactions), further study is needed 
to better understand its effect on healthcare policies and 
service delivery given its invisible yet ubiquitous nature 
[114].

Funding: Maria Teresa Coutinho was supported by a 
grant from the National Institute for Minority Health and 
Health Disparities (3R01 MD01222502-S1, D. Koinis 
Mitchell, PI). Mario F. Perez MD, MPH received support 
from NHLBI- PRIDE-AiRE cohort 2019 and UCONN 
CRC and UCONN ISG.

REFERENCES

1. CDC. Most Recent National Asthma Data: National Center 
for Environmental Health; 2020 [cited 2021 February 28]. 
Available from: https://www.cdc.gov/asthma/most_recent_
national_asthma_data.htm

2. Global Initiative for Asthma. 2020 [cited 2021 February 12]. 
Available from: https://ginasthma.org/

3. Nurmagambetov T, Kuwahara R, Garbe P. The Economic 
Burden of Asthma in the United States, 2008-2013. Ann 
Am Thorac Soc. 2018 Mar;15(3):348–56.

4. Inselman JW, Jeffery MM, Maddux JT, Shah ND, Rank MA. 
Trends and Disparities in Asthma Biologic Use in the Unit-
ed States. J Allergy Clin Immunol Pract. 2020;8(2):549-54.
e1. Epub 08/28. https://doi.org/10.1016/j.jaip.2019.08.024.

5. Pennington E, Yaqoob ZJ, Al-Kindi SG, Zein J. Trends in 



Perez and Coutinho: Health disparities in asthma504

and ethnicity have significant influence on fractional 
exhaled nitric oxide. Ann Allergy Asthma Immunol. 2018 
Mar;120(3):272–277.e1.

35. Hankinson JL, Odencrantz JR, Fedan KB. Spirometric 
reference values from a sample of the general U.S. popula-
tion. Am J Respir Crit Care Med. 1999 Jan;159(1):179–87.

36. Braun L. Race, ethnicity and lung function: A brief history. 
Can J Respir Ther. 2015;51(4):99–101.

37. Anderson MA, Malhotra A, Non AL. Could routine 
race-adjustment of spirometers exacerbate racial dispar-
ities in COVID-19 recovery? Lancet Respir Med. 2021 
Feb;9(2):124–5.

38. Pavord ID, Beasley R, Agusti A, Anderson GP, Bel E, 
Brusselle G, et al. After asthma: redefining airways diseas-
es. Lancet. 2018 Jan;391(10118):350–400.

39. Aaron SD, Vandemheen KL, FitzGerald JM, Ainslie M, 
Gupta S, Lemière C, et al.; Canadian Respiratory Research 
Network. Reevaluation of Diagnosis in Adults With Physi-
cian-Diagnosed Asthma. JAMA. 2017 Jan;317(3):269–79.

40. Bloom CI, de Preux L, Sheikh A, Quint JK. Health and 
cost impact of stepping down asthma medication for UK 
patients, 2001-2017: A population-based observational 
study. PLoS Med. 2020 Jul;17(7):e1003145.

41. Kramer CB, LeRoy L, Donahue S, Apter AJ, Bryant-Ste-
phens T, Elder JP, et al. Enrolling African-American and 
Latino patients with asthma in comparative effectiveness 
research: lessons learned from 8 patient-centered studies. J 
Allergy Clin Immunol. 2016 Dec;138(6):1600–7.

42. Federico MJ, Covar RA, Brown EE, Leung DY, Spahn JD. 
Racial differences in T-lymphocyte response to glucocorti-
coids. Chest. 2005 Feb;127(2):571–8.

43. Koo S, Gupta A, Fainardi V, Bossley C, Bush A, Saglani 
S, et al. Ethnic Variation in Response to IM Triamcinolone 
in Children With Severe Therapy-Resistant Asthma. Chest. 
2016 Jan;149(1):98–105.

44. Wells KE, Cajigal S, Peterson EL, Ahmedani BK, Kumar 
R, Lanfear DE, et al. Assessing differences in inhaled 
corticosteroid response by self-reported race-ethnicity and 
genetic ancestry among asthmatic subjects. J Allergy Clin 
Immunol. 2016 May;137(5):1364–1369.e2.

45. Nelson HS, Weiss ST, Bleecker ER, Yancey SW, Dorinsky 
PM; SMART Study Group. The Salmeterol Multicenter 
Asthma Research Trial: a comparison of usual pharmaco-
therapy for asthma or usual pharmacotherapy plus salmet-
erol. Chest. 2006 Jan;129(1):15–26.

46. Lemanske RF Jr, Mauger DT, Sorkness CA, Jackson 
DJ, Boehmer SJ, Martinez FD, et al.; Childhood Asthma 
Research and Education (CARE) Network of the National 
Heart, Lung, and Blood Institute. Step-up therapy for chil-
dren with uncontrolled asthma receiving inhaled corticoste-
roids. N Engl J Med. 2010 Mar;362(11):975–85.

47. Wechsler ME, Szefler SJ, Ortega VE, Pongracic JA, Chin-
chilli V, Lima JJ, et al.; NHLBI AsthmaNet. Step-Up Ther-
apy in Black Children and Adults with Poorly Controlled 
Asthma. N Engl J Med. 2019 Sep;381(13):1227–39.

48. Ortega VE, Meyers DA. Pharmacogenetics: implications 
of race and ethnicity on defining genetic profiles for 
personalized medicine. J Allergy Clin Immunol. 2014 
Jan;133(1):16–26.

49. Ortega VE, Hawkins GA, Moore WC, Hastie AT, Ample-

J Gerontol: Series B. 2005;60(Special_Issue_2):S68-S75. 
https://doi.org/10.1093/geronb/60.Special_Issue_2.S68.

20. Hunninghake GM, Weiss ST, Celedón JC. Asthma in His-
panics. Am J Respir Crit Care Med. 2006 Jan;173(2):143–
63.

21. Akinbami LJ, Moorman JE, Bailey C, Zahran HS, King 
M, Johnson CA, et al. Trends in asthma prevalence, health 
care use, and mortality in the United States, 2001-2010. 
NCHS Data Brief. 2012 May;(94):1–8.

22. Rosser FJ, Forno E, Cooper PJ, Celedón JC. Asthma in 
Hispanics. An 8-year update. Am J Respir Crit Care Med. 
2014 Jun;189(11):1316–27.

23. Torgerson DG, Ampleford EJ, Chiu GY, Gauderman WJ, 
Gignoux CR, Graves PE, et al.; Genetic Research on Asth-
ma in African Diaspora (GRAAD) Study. Meta-analysis of 
genome-wide association studies of asthma in ethnically 
diverse North American populations. Nat Genet. 2011 
Jul;43(9):887–92.

24. Marquez-Velarde G. The paradox does not fit all: racial 
disparities in asthma among Mexican Americans in the 
U.S. PLoS One. 2020 Nov;15(11):e0242855.

25. Thomsen SF. Exploring the origins of asthma: Lessons 
from twin studies. Eur Clin Respir J. 2014;1(Suppl 1): 
https://doi.org/10.3402/ecrj.v1.25535.

26. FM R. A clinical survey of 1074 patients with asthma fol-
lowed for two years. J Lab Clin Med. 1927;12:1185–97.

27. Kaur R, Chupp G. Phenotypes and endotypes of adult 
asthma: moving toward precision medicine. J Allergy Clin 
Immunol. 2019 Jul;144(1):1–12.

28. Nyenhuis SM, Krishnan JA, Berry A, Calhoun WJ, Chin-
chilli VM, Engle L, et al. Race is associated with differ-
ences in airway inflammation in patients with asthma. J 
Allergy Clin Immunol. 2017 Jul;140(1):257–265.e11.

29. Woodruff PG, Khashayar R, Lazarus SC, Janson S, Avila P, 
Boushey HA, et al. Relationship between airway inflam-
mation, hyperresponsiveness, and obstruction in asthma. J 
Allergy Clin Immunol. 2001 Nov;108(5):753–8.

30. Gamble C, Talbott E, Youk A, Holguin F, Pitt B, Silveira 
L, Bleecker E, Busse W, Calhoun W, Castro M, Chung 
KF, Erzurum S, Israel E, Wenzel S. Racial differences in 
biologic predictors of severe asthma: Data from the Severe 
Asthma Research Program. J Allergy Clin Immunol. 2010 
Dec;126(6):1149–56.e1.

31. Grossman NL, Ortega VE, King TS, Bleecker ER, Ample-
ford EA, Bacharier LB, et al. Exacerbation-prone asthma 
in the context of race and ancestry in Asthma Clinical 
Research Network trials. J Allergy Clin Immunol. 2019 
Dec;144(6):1524–33.

32. Blake TL, Chang AB, Chatfield MD, Petsky HL, Rodwell 
LT, Brown MG, et al. Does Ethnicity Influence Fractional 
Exhaled Nitric Oxide in Healthy Individuals?: A Systemat-
ic Review. Chest. 2017 Jul;152(1):40–50.

33. Dweik RA, Boggs PB, Erzurum SC, Irvin CG, Leigh MW, 
Lundberg JO, et al.; American Thoracic Society Committee 
on Interpretation of Exhaled Nitric Oxide Levels (FENO) 
for Clinical Applications. An official ATS clinical practice 
guideline: interpretation of exhaled nitric oxide levels 
(FENO) for clinical applications. Am J Respir Crit Care 
Med. 2011 Sep;184(5):602–15.

34. Wang D, Wang Y, Liang H, David JE, Bray CL. Race 



Perez and Coutinho: Health disparities in asthma 505

64. Carter RT. Racism and Psychological and Emotional 
Injury: Recognizing and Assessing Race-Based Traumatic 
Stress. Couns Psychol. 2007;35(1):13–105.

65. Pascoe EA, Smart Richman L. Perceived discrimination 
and health: a meta-analytic review. Psychol Bull. 2009 
Jul;135(4):531–54.

66. Thakur N, Barcelo NE, Borrell LN, Singh S, Eng C, Davis 
A, et al. Perceived Discrimination Associated With Asthma 
and Related Outcomes in Minority Youth: the GALA II and 
SAGE II Studies. Chest. 2017 Apr;151(4):804–12.

67. Koinis-Mitchell D, McQuaid EL, Kopel SJ, Esteban CA, 
Ortega AN, Seifer R, et al. Cultural-related, contextual, 
and asthma-specific risks associated with asthma morbid-
ity in urban children. J Clin Psychol Med Settings. 2010 
Mar;17(1):38–48.

68. Koinis-Mitchell D, McQuaid EL, Jandasek B, Kopel SJ, 
Seifer R, Klein RB, et al. Identifying individual, cultural 
and asthma-related risk and protective factors associated 
with resilient asthma outcomes in urban children and fami-
lies. J Pediatr Psychol. 2012 May;37(4):424–37.

69. Williams DR, Sternthal M, Wright RJ. Social determinants: 
taking the social context of asthma seriously. Pediatrics. 
2009;123 Suppl 3(Suppl 3):S174-84. Epub 2009/04/16. 
https://doi.org/10.1542/peds.2008-2233H.

70. Warman K, Silver EJ, Wood PR. Modifiable risk factors for 
asthma morbidity in Bronx versus other inner-city children. 
J Asthma. 2009 Dec;46(10):995–1000.

71. Brehm JM, Ramratnam SK, Tse SM, Croteau-Chonka DC, 
Pino-Yanes M, Rosas-Salazar C, et al. Stress and Broncho-
dilator Response in Children with Asthma. Am J Respir 
Crit Care Med. 2015 Jul;192(1):47–56.

72. Haczku A, Panettieri RA Jr. Social stress and asthma: the 
role of corticosteroid insensitivity. J Allergy Clin Immunol. 
2010 Mar;125(3):550–8.

73. Romieu I, Varraso R, Avenel V, Leynaert B, Kauffmann F, 
Clavel-Chapelon F. Fruit and vegetable intakes and asthma 
in the E3N study. Thorax. 2006 Mar;61(3):209–15.

74. Shaheen SO, Sterne JA, Thompson RL, Songhurst CE, 
Margetts BM, Burney PG. Dietary antioxidants and asthma 
in adults: population-based case-control study. Am J Respir 
Crit Care Med. 2001 Nov;164(10 Pt 1):1823–8.

75. Han YY, Jerschow E, Forno E, Hua S, Mossavar-Rahmani 
Y, Perreira KM, et al. Dietary Patterns, Asthma, and Lung 
Function in the Hispanic Community Health Study/Study 
of Latinos. Ann Am Thorac Soc. 2020 Mar;17(3):293–301.

76. Alwarith J, Kahleova H, Crosby L, Brooks A, Brandon L, 
Levin SM, et al. The role of nutrition in asthma prevention 
and treatment. Nutr Rev. 2020 Nov;78(11):928–38.

77. Odoms-Young A, Bruce MA. Examining the Impact 
of Structural Racism on Food Insecurity: Implica-
tions for Addressing Racial/Ethnic Disparities. Fam 
Community Health. 2018;41 Suppl 2 Suppl, Food 
Insecurity and Obesity: S3-S6. https://doi.org/10.1097/
FCH.0000000000000183.

78. Preston D, Morales M, Plunk A. O022 The relationship 
between asthma and food deserts in the hampton roads 
area. Ann Allergy Asthma Immunol. 2016;117(5 Supple-
ment):S8.

79. Bener A, Ehlayel MS, Bener HZ, Hamid Q. The impact 
of Vitamin D deficiency on asthma, allergic rhinitis and 

ford EJ, Busse WW, et al. Effect of rare variants in ADRB2 
on risk of severe exacerbations and symptom control 
during longacting β agonist treatment in a multiethnic asth-
ma population: a genetic study. Lancet Respir Med. 2014 
Mar;2(3):204–13.

50. Doroudchi A, Pathria M, Modena BD. Asthma biologics: 
comparing trial designs, patient cohorts and study results. 
Ann Allergy Asthma Immunol. 2020 Jan;124(1):44–56.

51. Inselman JW, Jeffery MM, Maddux JT, Shah ND, Rank 
MA. Trends and Disparities in Asthma Biologic Use in 
the United States. J Allergy Clin Immunol Pract. 2020 
Feb;8(2):549–554.e1.

52. Dickson RP, Erb-Downward JR, Huffnagle GB. The role 
of the bacterial microbiome in lung disease. Expert Rev 
Respir Med. 2013 Jun;7(3):245–57.

53. Moffatt MF, Cookson WO. The lung microbiome in health 
and disease. Clin Med (Lond). 2017 Dec;17(6):525–9.

54. Ege MJ, Mayer M, Normand AC, Genuneit J, Cookson 
WO, Braun-Fahrländer C, et al.; GABRIELA Transregio 
22 Study Group. Exposure to environmental microor-
ganisms and childhood asthma. N Engl J Med. 2011 
Feb;364(8):701–9.

55. Ober C, Sperling AI, von Mutius E, Vercelli D. Immune 
development and environment: lessons from Amish and 
Hutterite children. Curr Opin Immunol. 2017 Oct;48:51–
60.

56. Brooks AW, Priya S, Blekhman R, Bordenstein SR. Gut 
microbiota diversity across ethnicities in the United 
States. PLoS Biol. 2018;16(12):e2006842-e. https://doi.
org/10.1371/journal.pbio.2006842.

57. Dwiyanto J, Hussain MH, Reidpath D, Ong KS, Qasim A, 
Lee SW, et al. Ethnicity influences the gut microbiota of 
individuals sharing a geographical location: a cross-sec-
tional study from a middle-income country. Sci Rep. 2021 
Jan;11(1):2618.

58. Goleva E, Jackson LP, Harris JK, Robertson CE, Suther-
land ER, Hall CF, et al. The effects of airway microbiome 
on corticosteroid responsiveness in asthma. Am J Respir 
Crit Care Med. 2013 Nov;188(10):1193–201.

59. Canino G, McQuaid EL, Rand CS. Addressing asthma 
health disparities: a multilevel challenge. J Allergy Clin 
Immunol. 2009 Jun;123(6):1209–17.

60. McQuaid EL. Barriers to medication adherence in asthma: 
The importance of culture and context. Ann Allergy 
Asthma Immunol. 2018 Jul;121(1):37–42. doi: 10.1016/j.
anai.2018.03.024.

61. Pellowski JA, Price DM, Allen AM, Eaton LA, Kalichman 
SC. The differences between medical trust and mistrust and 
their respective influences on medication beliefs and ART 
adherence among African-Americans living with HIV. 
Psychol Health. 2017 Sep;32(9):1127–39.

62. Traylor AH, Schmittdiel JA, Uratsu CS, Mangione CM, 
Subramanian U. Adherence to cardiovascular disease 
medications: does patient-provider race/ethnicity and 
language concordance matter? J Gen Intern Med. 2010 
Nov;25(11):1172–7.

63. Saha S, Komaromy M, Koepsell TD, Bindman AB. 
Patient-physician racial concordance and the perceived 
quality and use of health care. Arch Intern Med. 1999 
May;159(9):997–1004.



Perez and Coutinho: Health disparities in asthma506

93. Colmer J, Hardman I, Shimshack J, Voorheis J. Disparities 
in PM2.5 air pollution in the United States. Science. 2020 
Jul;369(6503):575–8.

94. Diez Roux AV, Merkin SS, Arnett D, Chambless L, Mass-
ing M, Nieto FJ, et al. Neighborhood of residence and 
incidence of coronary heart disease. N Engl J Med. 2001 
Jul;345(2):99–106.

95. Sundquist K, Theobald H, Yang M, Li X, Johansson 
SE, Sundquist J. Neighborhood violent crime and un-
employment increase the risk of coronary heart disease: 
a multilevel study in an urban setting. Social Sci Med. 
2006;62(8):2061–71. Epub 2005/10/06. https://doi.
org/10.1016/j.socscimed.2005.08.051.

96. Letarte L, Pomerleau S, Tchernof A, Biertho L, Waygood 
EO, Lebel A. Neighbourhood effects on obesity: scoping 
review of time-varying outcomes and exposures in longitu-
dinal designs. BMJ Open. 2020 Mar;10(3):e034690.

97. DePriest K, Butz A. Neighborhood-Level Factors Related 
to Asthma in Children Living in Urban Areas. J Sch Nurs. 
2017 Feb;33(1):8–17.

98. Kopel LS, Gaffin JM, Ozonoff A, Rao DR, Sheehan WJ, 
Friedlander JL, et al. Perceived neighborhood safety and 
asthma morbidity in the school inner-city asthma study. 
Pediatr Pulmonol. 2015 Jan;50(1):17–24.

99. Wright RJ, Mitchell H, Visness CM, Cohen S, Stout J, 
Evans R, et al. Community violence and asthma morbidity: 
the Inner-City Asthma Study. Am J Public Health. 2004 
Apr;94(4):625–32.

100. Hughes HK, Matsui EC, Tschudy MM, Pollack CE, Keet 
CA. Pediatric Asthma Health Disparities: Race, Hardship, 
Housing, and Asthma in a National Survey. Acad Pediatr. 
2017 Mar;17(2):127–34.

101. Boudreaux M, Fenelon A, Slopen N, Newman SJ. Associ-
ation of Childhood Asthma With Federal Rental Assis-
tance. JAMA Pediatr. 2020 Jun;174(6):592–8.

102. Sandel MT, Bovell-Ammon A. Associations Between 
Federal Rental Housing Assistance and Childhood Asth-
ma-A Renewed Call for Investing in Housing for Health. 
JAMA Pediatr. 2020 Jun;174(6):525–6.

103. Smedley BD, Stith AY, Nelson AR, editors. Unequal 
Treatment: Confronting Racial and Ethnic Disparities in 
Health Care. Washington (DC); 2003.

104. Armstrong K, McMurphy S, Dean LT, Micco E, Putt M, 
Halbert CH, et al. Differences in the patterns of health care 
system distrust between blacks and whites. J Gen Intern 
Med. 2008 Jun;23(6):827–33.

105. Boulware LE, Cooper LA, Ratner LE, LaVeist TA, Powe 
NR. Race and trust in the health care system. Public Health 
Rep. 2003 Jul-Aug;118(4):358–65.

106. Benkert R, Peters RM, Clark R, Keves-Foster K. Effects 
of perceived racism, cultural mistrust and trust in pro-
viders on satisfaction with care. J Natl Med Assoc. 2006 
Sep;98(9):1532–40.

107. Laster N, Holsey CN, Shendell DG, Mccarty FA, Celano 
M. Barriers to asthma management among urban fam-
ilies: caregiver and child perspectives. J Asthma. 2009 
Sep;46(7):731–9.

108. Bisgaier J, Rhodes KV. Auditing access to specialty care 
for children with public insurance. N Engl J Med. 2011 
Jun;364(24):2324–33.

wheezing in children: an emerging public health problem. J 
Family Community Med. 2014 Sep;21(3):154–61.

80. Han YY, Forno E, Celedón JC, Vitamin D. Vitamin D 
Insufficiency and Asthma in a US Nationwide Study. J Al-
lergy Clin Immunol Pract. 2017 May-Jun;5(3):790–796.e1.

81. Forno E, Litonjua AA. Pollution, Obesity, Vitamin D, or 
Why Is Asthma So Complicated-and Interesting. J Allergy 
Clin Immunol Pract. 2019 Jul-Aug;7(6):1823–4.

82. Ames BN, Grant WB, Willett WC. Does the High 
Prevalence of Vitamin D Deficiency in African Ameri-
cans Contribute to Health Disparities? Nutrients. 2021 
Feb;13(2):499.

83. Heflin C, Arteaga I, Hodges L, Ndashiyme JF, Rabbitt MP. 
SNAP benefits and childhood asthma. Soc Sci Med. 2019 
Jan;220(220):203–11.

84. Knowles M, Rabinowich J, Ettinger de Cuba S, Cutts DB, 
Chilton M. “Do You Wanna Breathe or Eat?”: Parent Per-
spectives on Child Health Consequences of Food Insecu-
rity, Trade-Offs, and Toxic Stress. Matern Child Health J. 
2016 Jan;20(1):25–32.

85. Keith-Jennings B. SNAP Is Linked with Improved Nutri-
tional Outcomes and Lower Health Care Costs. Center on 
Budget and Policy Priorities. 2018. [cited 2021 May 25, 
2021]. Available from: https://www.cbpp.org/research/
food-assistance/snap-is-linked-with-improved-nutritional-
outcomes-and-lower-health-care

86. Nardone A, Casey JA, Morello-Frosch R, Mujahid M, 
Balmes JR, Thakur N. Associations between historical res-
idential redlining and current age-adjusted rates of emer-
gency department visits due to asthma across eight cities in 
California: an ecological study. Lancet Planet Health. 2020 
Jan;4(1):e24–31.

87. Mendez DD, Hogan VK, Culhane JF. Institutional racism, 
neighborhood factors, stress, and preterm birth. Ethn 
Health. 2014;19(5):479–99.

88. Krieger N, Van Wye G, Huynh M, Waterman PD, Maduro 
G, Li W, et al. Structural Racism, Historical Redlining, and 
Risk of Preterm Birth in New York City, 2013-2017. Am J 
Public Health. 2020 Jul;110(7):1046–53.

89. McClure E, Feinstein L, Cordoba E, Douglas C, Emch M, 
Robinson W, et al. The legacy of redlining in the effect of 
foreclosures on Detroit residents’ self-rated health. Health 
Place. 2019 Jan;55:9–19.

90. Nardone A, Casey JA, Morello-Frosch R, Mujahid M, 
Balmes JR, Thakur N. Associations between historical res-
idential redlining and current age-adjusted rates of emer-
gency department visits due to asthma across eight cities in 
California: an ecological study. Lancet Planet Health. 2020 
Jan;4(1):e24–31.

91. Achakulwisut P, Brauer M, Hystad P, Anenberg SC. 
Global, national, and urban burdens of paediatric asthma 
incidence attributable to ambient NO2 pollution: esti-
mates from global datasets. Lancet Planet Health. 2019 
Apr;3(4):e166–78.

92. Southerland VA, Anenberg SC, Harris M, Apte J, Hystad 
P, van Donkelaar A, et al. Assessing the Distribution of 
Air Pollution Health Risks within Cities: A Neighbor-
hood-Scale Analysis Leveraging High-Resolution Data 
Sets in the Bay Area, California. Environ Health Perspect. 
2021 Mar;129(3):37006.



Perez and Coutinho: Health disparities in asthma 507

109. Okelo SO, Wu AW, Merriman B, Krishnan JA, Diette GB. 
Are physician estimates of asthma severity less accurate 
in black than in white patients? J Gen Intern Med. 2007 
Jul;22(7):976–81.

110. Wisnivesky JP, Krauskopf K, Wolf MS, Wilson EA, 
Sofianou A, Martynenko M, et al. The association 
between language proficiency and outcomes of elderly 
patients with asthma. Ann Allergy Asthma Immunol. 2012 
Sep;109(3):179–84.

111. Coutinho MT, Kopel SJ, Williams B, Dansereau K, Koin-
is-Mitchell D. Urban caregiver empowerment: caregiver 
nativity, child-asthma symptoms, and emergency-depart-
ment use. Fam Syst Health. 2016 Sep;34(3):229–39.

112. Flores G, Abreu M, Chaisson CE, Sun D. Keeping 
children out of hospitals: parents’ and physicians’ per-
spectives on how pediatric hospitalizations for ambulatory 
care-sensitive conditions can be avoided. Pediatrics. 2003 
Nov;112(5):1021–30.

113. Garro AC, Fearon D, Koinis-Mitchell D, McQuaid 
EL. Does pre-hospital telephone communication with a 
clinician result in more appropriate medication administra-
tion by parents during childhood asthma exacerbations? J 
Asthma. 2009 Nov;46(9):916–20.

114. Bailey ZD, Feldman JM, Bassett MT. How Struc-
tural Racism Works - Racist Policies as a Root Cause 
of U.S. Racial Health Inequities. N Engl J Med. 2021 
Feb;384(8):768–73.


