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SYNOPSIS
Objective. Past studies of the prevalence of childhood asthma have yielded conflicting findings as to whether racial/ethnic disparities remain after other factors, such as
income, are taken into account. The objective of this study was to examine the
association of race/ethnicity and family income with the prevalence of childhood
asthma and to assess whether racial/ethnic disparities vary by income strata.
Methods. Cross-sectional data on 14,244 children aged ⬍18 years old in the 1997
National Health Interview Survey were examined. The authors used logistic regression to analyze the independent and joint effects of race/ethnicity and income-tofederal poverty level (FPL) ratio, adjusting for demographic covariates. The main
outcome measure was parental report of the child having ever been diagnosed with
asthma.
Results. Bivariate analyses, based on weighted percentages, revealed that asthma
was more prevalent among non-Hispanic black children (13.6%) than among nonHispanic white children (11.2%; p⬍0.01), but the prevalence of asthma did not differ
significantly between Hispanic children (10.1 %) and non-Hispanic white children
(11.2%; p⫽0.13). Overall, non-Hispanic black children were at higher risk for asthma
than non-Hispanic white children (adjusted odds ratio [OR]⫽1.20; 95% confidence
interval [CI] 1.03, 1.40), after adjustment for sociodemographic variables, including
the ratio of annual family income to the FPL. Asthma prevalence did not differ
between Hispanic children and non-Hispanic white children in adjusted analyses
(adjusted OR⫽0.85; 95% CI 0.71, 1.02). Analyses stratified by income revealed that
only among children from families with incomes less than half the FPL did nonHispanic black children have a higher risk of asthma than non-Hispanic white children
(adjusted OR⫽1.99; 95% CI 1.09, 3.64). No black vs. white differences existed at
other income levels. Subsequent analyses of these very poor children that took into
account additional potentially explanatory variables did not attenuate the higher
asthma risk for very poor non-Hispanic black children relative to very poor nonHispanic white children.
Conclusions. Non-Hispanic black children were at substantially higher risk of asthma
than non-Hispanic white children only among the very poor. The concentration of
racial/ethnic differences only among the very poor suggests that patterns of social
and environmental exposures must overshadow any hypothetical genetic risk.
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Eliminating racial/ethnic disparities in children’s health is
one of the nation’s most important public health objectives.1,2 Many pediatric clinicians and researchers have focused on asthma as one of the most common chronic childhood conditions and one that causes significant morbidity.
Yet, racial/ethnic disparities in asthma prevalence and severity remain an enigma.3,4 Several possible explanations of
how race/ethnicity might be linked to childhood asthma
have been considered. First, apparent racial/ethnic disparities could be due to confounding; other factors related to
both race/ethnicity and asthma, such as socioeconomic status or social class, might explain why black children appear
to experience higher rates of asthma than white children.5–7
Second, the relationship between race/ethnicity and asthma
prevalence could be explained by racism, which is linked to
limited employment opportunities, resulting in lower income levels. Black families’ lower income relative to the
population as a whole could lead to a concentration of black
children in poor quality housing with greater exposure to
asthma-related triggers, such as cockroach antigen, thus completing the causal pathway between race/ethnicity and higher
asthma prevalence. Third, racial/ethnic differences in asthma
prevalence could be due to differential genetic susceptibility
to asthma, perhaps interacting with adverse environmental
exposures.
Of these three possible explanations, income as a confounder of the relationship between race/ethnicity and
asthma has been most extensively explored, with the prior
work yielding conflicting results. Some studies have shown
that controlling for income and other socioeconomic factors, such as urban residence and single-parent status, reduces or eliminates the higher asthma risk associated with
black “race” in unadjusted analyses.5,8–10 Other studies, however, have found a higher prevalence of asthma among black
children than among white children at all levels of income,
even after adjustment for such factors.6,7,11–15
Studies that characterize children simply as poor or nonpoor and do not examine the depth and context of poverty
may miss important differences in the poverty experiences
of black and white children, obscuring possible underlying
reasons for racial/ethnic differences in asthma. For example,
poor black children are more likely to live in deep poverty
than poor white children. Poor black children are 40% more
likely than poor white children to live in families with annual incomes less than half of the federal poverty level
(FPL).16 Further, poor black children are much more likely
than poor white children to live in neighborhoods of concentrated poverty, where more than 40% of individuals in
the neighborhood are poor.17
The objective of this study was to examine the association
of race/ethnicity and family income with the prevalence of
childhood asthma. Specifically, we assessed whether racial/
ethnic disparities in asthma prevalence vary by depth of
poverty in order to explore how race/ethnicity and income
may interact to result in childhood asthma disparities. Where
we found a racial/ethnic difference in asthma prevalence,
we examined whether it could be partly explained by clinically relevant variables. We hope that a refined understanding of racial/ethnic differences in childhood asthma will
sharpen research, clinical, and advocacy efforts to reduce
disparities.

METHODS
Source of data
The National Health Interview Survey (NHIS) is an annual
survey of the civilian, non-institutionalized population of
the United States conducted by the National Center for
Health Statistics (NCHS) to collect information on the health
of the U.S. population. The 1997 survey collected detailed
health information from a knowledgeable adult family member for a sample child, randomly selected from each household with children.18 We included data on all 1997 NHIS
sample children aged ⬍18 years in the present analyses,
which is consistent with prior studies using this dataset.5,10,19
The study sample for our data analyses consisted of 14,244
children aged ⬍18 years.

Variables
The outcome variable was a sample child’s diagnosis of asthma,
defined as ever having been diagnosed with asthma by a
doctor or other health professional, according to the adult
informant. The primary explanatory variables were the child’s
race/ethnicity as reported by the adult informant, and the
family income-to-FPL ratio.
The following race/ethnicity categories were used in the
present study: non-Hispanic black, non-Hispanic white, Hispanic, and other. The NHIS asks separate questions to ascertain Hispanic ethnicity and race. The race categories in the
NHIS are white, black, American Indian/Alaskan Native
(AIAN), Asian or Pacific Islander (API), or other. Due to the
small numbers of AIAN and API respondents in this sample,
we aggregated these categories into the “other” category.
In the NHIS dataset, the income-to-FPL ratio was calculated by dividing family income by the appropriate 1996
poverty threshold, which adjusted for family size.20,21 For a
family of four, this threshold was $15,600 in 1996. We sought
to capture potential residual differences in income between
poor non-Hispanic black and poor non-Hispanic white children by creating four income strata, including two below
and two above the poverty threshold. We categorized family
income as ⬍0.5 FPL, 0.5–0.99 FPL, 1–1.99 FPL, or ⱖ2 FPL.
Other covariates, selected based on previous work and
theoretical considerations, included the following: child gender; child age (ⱕ5 years, 6–11 years, 12–17 years); the education of the most highly educated parent or, for sample
children with no parent, the education of the most highly
educated adult in the household (less than a high school
diploma; high school diploma, GED, or some college;
associate’s degree; bachelor’s degree or higher); number of
adults in the family (1, ⱖ2); number of children in the
family (1, 2, ⱖ3); residence in a Metropolitan Statistical Area
(MSA) (defined as a county or group of contiguous counties
containing at least one city with a population of ⱖ50,000 or
a Census Bureau–defined urbanized area with a population
of ⱖ50,000 and a metropolitan population of ⱖ100,000);
and region of the country (Northeast, South, Midwest,
West).22 Additional clinically relevant variables included
birthweight (⬍2,500 g, ⱖ2,500 g); environmental tobacco
smoke exposure measured as the smoking status of the
sampled adult (current, former, never); child health insurance status (yes, no); child check-up in the past year (yes,
no); and housing status (owned, being purchased, rented,
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other).5–7,10 Because the 1997 NHIS assessed smoking status
for the one randomly sampled adult in each family, the
smoking variable only approximates a child’s exposure to
secondhand smoke.
In the NHIS data, 16% of the population surveyed had
missing values for the income-to-FPL ratio. To address analytical limitations due to missing data, missing values for
income were multiply imputed using IVEware, the statistical
software that NCHS has used for imputation in more recent
waves of this survey.23–25

Statistical analyses
Bivariate relationships were examined using chi-square statistics. For income, pairwise comparisons were performed
because an overall chi-square test for association was not
available in the IVEware software used to impute missing
income data. Logistic regression analysis was used to examine the overall relationship between race/ethnicity and
asthma prevalence in analyses adjusted for income-to-FPL
ratio grouping. Adjusted odds ratios (ORs) were calculated,
with a core set of sociodemographic variables controlled for
in the models: education of parent/household adult, number of adults in the family, family size, child age, child gender, region, and MSA residence. Controlling for this core set
of variables, the analyses were stratified by income-to-FPL
ratio grouping to examine associations of race/ethnicity and
asthma prevalence within each stratum. Subsequent regres-
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sion analyses focused only on the strata found to have racial/ethnic differences, in an effort to explain these differences with several clinically relevant variables: low birthweight,
environmental tobacco smoke exposure, health insurance,
check-up within past year, and housing status.
Bivariate and multiple logistic regression analyses were
performed using the IVEware software to account for the
complex sampling design and weighting scheme of NHIS
and to produce summary results based on five multiply imputed datasets. For the bivariate analyses (except the analysis of income and asthma), we used SUDAAN to provide
overall tests of associations.26 Sample weights, provided for
each sample child in the NHIS dataset, were used to account
for non-response and the sampling design and to allow for
calculation of nationally representative estimates. These
weights were included in all analyses, both bivariate and
multivariate. Variables for variance estimation, also provided
in the NHIS dataset, were used in all analyses to provide
appropriate estimates of variance and statistical significance.

RESULTS
Table 1 shows the characteristics of the sample children and
asthma prevalence by demographic category; all percentages are weighted. Overall, an estimated 11.4% of children
had been diagnosed with asthma. Asthma was more prevalent among non-Hispanic black children (13.6%) than among

Table 1. Characteristics of sample children, as reported by adult informants,
and asthma prevalence by demographic category
Total sample ( N⫽14,244
children aged ⬍18 years)
Variable
Child race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Child age
0–5 years
6–11 years
12–17 years
Child gender
Male
Female
Family income-to-FPL ratio
⬍0.5 FPL
0.5–0.99 FPL
1–1.99 FPL
ⱖ2 FPL
Education of parent/household adult (n=14,152)
⬍High school
High school graduate, GED, or some college
Associate’s degree
Bachelor’s degree or higher
Number of adults in family
1
ⱖ2

Weighted percent

Asthma prevalence
Weighted percent

p-value
0.003a

65.2
15.2
15.0
4.7

11.2
13.6b
10.1c
11.7d

33.5
33.8
32.8

7.8
12.5
14.0

51.2
48.8

13.0
9.7

8.2
12.4
21.1
58.3

12.7e
12.6e
10.3e
11.4

14.4
44.5
12.4
28.7

11.1
11.9
13.0
10.3

16.5
83.5

15.0
10.7

⬍0.001

⬍0.001

0.33
0.28
0.22
0.07

⬍0.001

continued on page 112
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Table 1 (continued). Characteristics of sample children, as reported by adult informants,
and asthma prevalence by demographic category
Total sample ( N⫽14,244
children aged ⬍18 years)
Variable

Weighted percent

Number of children in family
1
2
ⱖ3
MSA residence
Yes
No
Region
South
Midwest
West
Northeast
Low birthweight (n⫽13,406)
Yes
No
Sample adult smoking status (n⫽12,775)
Current
Former
Never
Child health insurance (n⫽14,240)
Yes
No
Child check-up in past year (n⫽14,143)
Yes
No
Housing status (n⫽14,208)
Being purchased
Rent
Own
Other
Total
a

Weighted percent

p-value
0.79

22.1
39.2
38.7

11.3
11.7
11.2

79.6
20.4

11.5
11.3

34.9
24.9
20.7
19.4

10.2
10.7
12.6
13.2

7.1
92.9

15.6
11.3

26.9
17.5
55.7

13.8
12.3
10.4

87.7
12.3

11.9
8.3

73.2
26.8

12.0
10.0

40.1
31.9
25.9
2.0
100.0

11.3
12.5
10.1
12.3
11.4

0.82

0.005

0.003

⬍0.001

⬍0.001

0.007

0.06

—

 test for association.
2

b
c

Asthma prevalence

Non-Hispanic black vs. non-Hispanic white: p⫽0.005

Hispanic vs. non-Hispanic white: p⫽0.13

d
e

Other vs. non-Hispanic white: p⫽0.73

Pairwise comparisons, according to imputed income, with ⱖ2 FPL as the reference category, are shown.

FPL ⫽ federal poverty level
MSA ⫽ Metropolitan Statistical Area

non-Hispanic white children (11.2%; p⫽0.005). The prevalence of asthma did not differ significantly between Hispanic
children and non-Hispanic white children, and did not differ significantly between children of “other” race/ethnicity
and non-Hispanic white children. Asthma prevalence also
did not vary significantly by the income-to-FPL ratio. The
majority of the remaining sociodemographic characteristics
shown in Table 1 were associated with asthma prevalence.
Education of parent/household adult and housing status
showed associations of borderline statistical significance. Children with health insurance were more likely to have been
diagnosed with asthma than children without health insurance, and children who had had a check-up within the past
year were more likely to have been diagnosed with asthma

than children who had not had a check-up within the past
year.
Overall, non-Hispanic black children were at higher risk
for asthma (adjusted OR⫽1.20; 95% confidence interval
[CI] 1.03, 1.40) than non-Hispanic white children after adjustment for the income-to-FPL ratio and sociodemographic
variables in multivariate analyses. In adjusted analyses, Hispanic children did not have a higher risk of asthma than
non-Hispanic white children (adjusted OR⫽0.85; 95% CI
0.71, 1.02). However, multivariate analyses stratified by the
income-to-FPL ratio showed that the higher risk of asthma
among non-Hispanic black children relative to non-Hispanic
white children was present only for those whose family income was less than half the poverty level (Table 2). The
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Table 2. Association of race/ethnicity with asthma prevalence by income-to-FPL ratio
Adjusted ORs (95% CI)
Race/ethnicity
Non-Hispanic black
Hispanic
Non-Hispanic white

⬍0.5 FPL

0.05–0.99 FPL

1–1.99 FPL

ⱖ2 FPL

1.99 (1.09, 3.64)
0.96 (0.51, 1.79)
Reference

1.09 (0.70, 1.70)
0.64 (0.40, 0.99)
Reference

1.23 (0.89, 1.71)
1.02 (0.73, 1.43)
Reference

1.00 (0.78, 1.28)
0.91 (0.71, 1.16)
Reference

NOTE: ORs are adjusted for child gender, child age, education of parent/household adult, number of adults in the family, number of children in
the family, residence in Metropolitan Statistical Area, and region.
OR ⫽ odds ratio
CI ⫽ confidence interval
FPL ⫽ federal poverty level

adjusted OR of 1.99 (95% CI 1.09, 3.64) for very poor nonHispanic black children relative to very poor non-Hispanic
white children was higher than the adjusted OR for the
overall comparison between non-Hispanic black and nonHispanic white children in terms of asthma prevalence. We
did not find statistically significant differences at other
income-to-FPL levels for non-Hispanic black children vs. nonHispanic white children and did not detect significant differences at any income level for Hispanic children vs. nonHispanic white children.
After stratification revealed that a racial difference was
present only in the lowest income stratum, we focused on
this group, adding clinically relevant variables that might
explain the observed black vs. white difference in asthma
rates among the very poor (Table 3). Health insurance,
check-up within the past year, low birthweight, exposure to
environmental tobacco smoke, and rental housing were all
significantly and independently associated with higher risk
of being diagnosed with asthma, yet their addition to the
model did not attenuate the higher risk of asthma for the
poorest non-Hispanic black children relative to non-Hispanic white children (adjusted OR⫽1.97; 95% CI 1.05, 3.72).

DISCUSSION
These findings indicate that adjusting for income obscured
what stratifying by income revealed: racial/ethnic disparities
in asthma were concentrated only among the very poor.
That is, non-Hispanic black children living at less than half
the poverty level were at substantially higher risk for asthma
compared with non-Hispanic white children from families
with similar incomes. At all other levels of income, no racial/
ethnic differences in asthma prevalence were observed. Hispanic children did not experience statistically significant
higher rates of asthma relative to non-Hispanic white children at any income level.
In the study of race/ethnicity and health, a “paradigm
shift” has been called for in order to move beyond documenting racial/ethnic differences toward investigating how
these differences occur.27 The interaction between race/
ethnicity and very low income documented in this study
suggests that future research on racial/ethnic disparities in
childhood asthma should focus on the different patterns of
social and environmental exposures that very poor black
and white children face.28,29 For example, the poor black

population experiences much more residential segregation
than the poor white population.30–32 By concentrating neighborhood poverty, segregation may magnify the effects of
poverty and contribute to the deterioration of both the
physical and social environment through declining infrastructure, higher levels of crime, and poorer housing quality.30,31 The inferior physical environment may lead to disproportionate exposure and sensitization among the poorest
black children to asthma triggers such as cockroaches, dust
mites, and other indoor allergens.33–37 Similarly, the social
environment may lead to greater exposure among black
children to neighborhood violence and other stressors that
may be related to asthma.38
Treating income as a confounder while failing to account
for racial/ethnic differences in the depth of poverty can
potentially lead to a problem of residual confounding. Residual differences in income, wealth, or related socioeconomic factors can mistakenly be interpreted as race/ethnicity
effects because important aspects of these factors are not
captured by the measures chosen for analysis.31,39,40 Alternatively, if race/ethnicity differences become nonsignificant
after adjustment for household income, this finding must
also be interpreted cautiously. Current and past racial/ethnic discrimination, such as that limiting opportunities for
quality education and employment, may indeed be one cause
of lower household incomes among black families.28,30 In
that case, income, rather than a confounder, would actually
be part of the intermediate pathway by which black “race” is
associated with asthma, and thus the experience of race/
ethnicity remains an important factor higher in the causal
chain. Such upstream factors may remain highly relevant,
even though adjustment for mediating variables attenuates
the relationship between these factors and asthma.28,30 Continuing consideration of the potential impact of racial/
ethnic discrimination on children’s health remains an important aspect of research on health disparities.41
Although there is growing attention to the genetics of
asthma, our finding of racial disparities only among the very
poor is inconsistent with differential genetic predisposition
as the underlying cause of black vs. white disparities in asthma
prevalence.42–45 Some researchers have speculated that racial
differences in airway hyperresponsiveness and allergen hypersensitivity may be attributable to differences in genetic
susceptibility.43 However, these clinical differences also could
be attributed to non-genetic factors such as differential
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Table 3. Racial/ethnic differences in asthma
prevalence among children living in families
with annual incomes <0.5 FPL, adjusted for
clinically relevant variables
Variable
Race/ethnicity
Non-Hispanic black
Non-Hispanic white
Low birthweight (⬍2,500g)
Yes
No
Sample adult smoking status
Current
Former
Never
Child health insurance
Yes
No
Child check-up in past year
Yes
No
Housing status
Being purchased
Rent
Other
Own
Core sociodemographic variables
Education of parent/household adult
⬍High school diploma
High school graduate, GED, or
some college
Associate’s degree
Bachelor’s degree or higher
Number of adults in family
1
2
Number of children in family
ⱖ3
2
1
Child gender
Male
Female
Child age
12–17 years
6–11 years
0–5 years
MSA residence
MSA
Non-MSA
Region
South
Midwest
Northeast
West

Adjusted OR (95% CI)
1.97 (1.05, 3.72)
Reference
1.42 (1.10, 1.83)
Reference
1.29 (1.09, 1.53)
1.14 (0.93, 1.39)
Reference
1.45 (1.13, 1.87)
Reference
1.35 (1.12, 1.63)
Reference
1.15 (0.94, 1.41)
1.22 (0.99, 1.50)
1.31 (0.78, 2.21)
Reference

1.15 (0.83, 1.58)
1.18 (0.96, 1.45)
1.20 (0.93, 1.55)
Reference
1.21 (0.99, 1.47)
Reference
0.98 (0.81, 1.18)
1.06 (0.91, 1.23)
Reference
1.44 (1.22, 1.69)
Reference
2.22 (1.82, 2.70)
1.91 (1.57, 2.33)
Reference
1.00 (0.82, 1.21)
Reference
0.74 (0.58, 0.93)
0.78 (0.61, 0.98)
0.98 (0.76, 1.26)
Reference

NOTE: ORs are adjusted for all variables included in the table.
OR ⫽ odds ratio
CI ⫽ confidence interval
FPL ⫽ federal poverty level
MSA ⫽ Metropolitan Statistical Area

exposures to allergens.33–36,46–48 However, gene/environment
interaction could explain our findings if exposures to asthma
triggers were elevated only among very poor black children
and not among black children from higher-income families.
The interaction of black “race” and income found in this
study suggests that efforts to ascertain genetic contributions
to racial/ethnic disparities in asthma must remain attentive
to the environmental risks that disadvantaged black children face. This study suggests that one should not presume
genetic causation of observed racial/ethnic differences unless there are rigorous genetic data supporting that assertion.49,50
This study has several potential limitations. First, the study
relies on a caregiver’s report of asthma, rather than medical
record review. Although some have questioned its use, most
prior work has shown that parental report has acceptable
accuracy and so it remains the basis for most national surveys.51,52 Second, the dataset used a definition of having ever
been diagnosed with asthma that does not necessarily reflect
current asthma prevalence. Although the dataset is crosssectional, researchers have accepted the use of NHIS to
study racial/ethnic and income disparities in childhood
asthma.5,10,19 Also, in focusing on asthma diagnosis and not
asthma severity, the study may not have elucidated different
patterns of biological and social risk factors affecting these
two different outcomes.37 For example, substantial literature
documents racial/ethnic differences in the quality of medical care for asthma, including differential rates of use of
controller medications, which may affect severity.53–64
Third, the dataset did not allow assessment of the considerable diversity within racial/ethnic groups. Heterogeneity
within racial/ethnic groups calls into question the use of
broad terms such as “Hispanic” or “Latino.”29,65,66 This heterogeneity may explain why Hispanic children in the present
study did not experience higher rates of asthma than nonHispanic white children, whereas other studies that included
particular subgroups of Hispanics, e.g., people of Puerto
Rican origin, have shown higher risks for asthma among
Hispanic children than among non-Hispanic white children.11,67–70 Our analyses were also constrained by the lack of
contextual social and environmental variables available in
this dataset. Inclusion of data on housing quality and neighborhood conditions in large national datasets would benefit
research in the area of children’s health disparities.

CONCLUSION
Non-Hispanic black children were at substantially higher
risk of asthma than non-Hispanic white children in unadjusted analyses, but in analyses stratified by income, this risk
was present only among children living in families with incomes less than half of the FPL. This finding suggests that
researchers studying racial/ethnic disparities in asthma
should be cautious about simply adjusting for income and
should focus on the different patterns of social and environmental exposures that very poor black and white children
may face. Although genetic susceptibility to asthma may
ultimately be found to vary across racial/ethnic groups, the
finding that racial/ethnic differences are concentrated
among the very poor suggests that the expression of any
hypothetical genetic risk would still depend heavily on

Public Health Reports / March–April 2005 / Volume 120

Rethinking Race/Ethnicity, Income, and Childhood Asthma

patterns of social and environmental exposures. Continued
emphasis on race/ethicity as a social construct—with social
meanings that have implications for health, rather than as a
proxy for genetic differences—will focus attention on the
role of individual and contextual risks for asthma and will
help to target effective clinical and community interventions to eliminate racial/ethnic disparities.7,10,29,50,71
The authors thank Howard Bauchner, MD, Jonathan Finkelstein,
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