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Objective. Asthma prevalence in the United States is higher than it is in many other countries and its impact in terms of healthcare expenditures
and morbidity and mortality is staggering. In the United States, many groups bear a disproportionate burden of asthma. Understanding the
epidemiology of adult asthma and deficits in health care can identify opportunities for improving care and effectively managing resources.
Methods. The computed dependent variable, health service deficits, entails a lack of health insurance, not having a healthcare provider, deferring
medical care because of cost, and having had no routine medical exam. Bivariate and multivariate analyses were performed on 2005 Behavioral
Risk Factor Surveillance Survey data to examine the relationship between health service deficits experienced by adults with asthma and
socioeconomic status (SES), race and ethnicity, and geographic locale. The variable was also calculated for each US state. Results. Hispanic
(OR = 1.594, 95% CI = 1.588-1.599) and Other/Multiracial (OR = 1.447,95% CI = 1.441-1.452) adults with current asthma had greater odds
of having a health service deficit. Rural adults with current asthma had greater odds of having a health service deficit (OR = 1.086, 95% CI =
1.083-1.089) when compared with non-rural adult residents. Low-SES (OR = 1.976, 95% CI = 1.971-1.982) and middle-SES (OR = 1.596,
95% CI = 1.592-1.600) adults with current asthma had greater odds of having a health service deficit. The percentage of current asthma adults
experiencing at least one health service deficit by state ranged from a low of 28.5% (Delaware) to a high of 58.8% (Wyoming). Conclusion.

There are clear patterns of disparity associated with health services and asthma that can help target interventions.

Keywords adult asthma, health disparities, health service deficits

INTRODUCTION

Asthma is a chronic respiratory condition that affects
about 300 million people worldwide (1,2). In the United
States, asthma prevalence exceeds that in many other
countries (3) and has been increasing since 1980 (4-9).
In 2009, the current asthma prevalence was 8.2%
in the United States. The substantial increase in the
reported prevalence of asthma and its impact on health
highlight the importance of research that enhances the
understanding of the epidemiology of asthma (10).

Symptoms of asthma are caused by airway inflam-
mation and episodic, reversible narrowing of airways.
This inflammation and airway narrowing occur in
response to exposure to triggers such as allergens,
cigarette smoke, and cold air (11). While the etiology of
asthma remains uncertain (1, 11), effective means exist
for both controlling and preventing the symptoms of
asthma. Despite the availability of effective treatment, the
morbidity and mortality associated with asthma continue
to pose a significant burden on the health of people in the
United States (1, 4, 11, 12).

In addition to the impact of asthma on health,
developed countries can expect to spend 1-2% of their
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healthcare budget on asthma. In the United States, the
costs of asthma in terms of both direct healthcare
expenditures and indirect costs such as losses in work
productivity make it one of the most financially costly
chronic diseases (9). In 1994 the financial burden from
asthma exceeded 12 billion dollars (2), with more than
$5 billion in direct costs (1, 3). In 2005-2009 there were
1.11 million ED visits for asthma as well as 299,000
asthma hospitalizations for US adults (11). ED visits and
hospitalizations accounted for a significant proportion
of the direct costs for asthma (9). Undertreatment or
inappropriate care for asthma can result in potentially
avoidable hospitalizations or ED visits.

Understanding the epidemiology of asthma and iden-
tifying population groups at risk for deficits in health
services can help target interventions that might improve
care and reduce costs. For example, in the United States
asthma disproportionately affects some populations (4-9,
13) with non-Caucasians and economically disadvantaged
individuals at greater risk for current asthma. Clement
et al. (13) described several other possible demographic
and health service-related contributory factors that might
account for differences in the prevalence and health
outcomes related to asthma. Among these factors is
geographic locale or place of residence, an attribute often
overlooked as a determinant of health. Earlier research
has suggested urban residency as an independent risk
factor for asthma in children (14) and that in general,
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health disparities among rural minority populations were
more severe than among urban minorities (15). However,
research comparing non-rural with rural populations has
yielded mixed findings (1, 16) suggesting the need for
further study.

By analyzing national population-based data, this
study sought to fill in some of the recognized gaps in
the current understanding of the epidemiology of asthma
in US adult populations and to specifically explore who
is at risk for health service deficits. A health service
deficit is a new analytic concept that we are proposing
for use in health service-related research addressing
chronic disease. This concept facilitates the examination
of how a group makes use of services relevant to
their chronic condition(s). Factors that influence health
services include prevalence of the disease, availability of
services, the ability to access available services, cultural
influences, and other barriers to appropriate care. We
believe an enhanced understanding of the epidemiology of
adult asthma and deficits in care can identify opportunities
for improving care and aid in effectively utilizing
resources.

METHODS

In this article, 2005 Behavioral Risk Factor Surveillance
Survey (BRFSS) data were analyzed to examine issues
relevant to asthma epidemiology and disparities associ-
ated with asthma care. The BRFSS is comprised of both
core questions and optional modules. We chose this year
of data to analyze because the optional BRFSS adult
asthma module was used by 23 states and/or territories.
In the subsequent years of available data many fewer
states chose this option. We analyzed data collected via
questions from both the core survey and the optional adult
asthma module.

BREFSS data are collected using a random-digit-dial
telephone survey targeting adults 18-99 years of age.
These data are collected under the guidance of the
Centers for Disease Control and Prevention (CDC) in
collaboration with all US states and most US territories.
Once collected, BRFSS data are weighted by state or
territory to represent the US adult population. BRFSS data
are cross-sectional and are focused on health risk factors
and behaviors as well as chronic disease. A detailed
description of the survey design and sampling measures
can be found elsewhere (17).

For this analysis the population of interest was US
adults self-reporting currently having asthma diagnosed
by a healthcare professional. All analyses were performed
on weighted data as is recommended by the CDC. The
weighting calculated by the CDC used the most recently
available census data to provide a stratified representation
of the nation’s non-institutionalized population.

In the analyses presented here a number of variables
were either re-coded or computed. A summary of the
re-coded variables used in the analysis of this study is
presented in Table 1. The following three variables were

computed: health service deficits, socioeconomic status
(SES), and asthma control.

Health service deficits, the primary dependent variable
in this analysis, were computed from the response
categories of a number of different variables (health
insurance status, personal healthcare provider, deferment
of medical care because of cost, and routine medical
exam). These response categories were as follows: did
not have health insurance in the past 12 months, did not
have a healthcare provider in the past 12 months, deferred
medical care because of cost in the past 12 months, and
did not have a routine medical exam in the past 12 months.
Having one of these constituted having a health service
deficit.

SES was one of the primary independent variables.
According to WHO SES is one of the strongest
determinants of health (18). While SES is a commonly
used term in analyses across disciplines (e.g., sociology,
social epidemiology, social psychology) many have noted
that no general consensus exists about how to either define
or measure the construct (18-21). Typically SES refers
to a combination of household income and other social
measures such as attained educational level indexed into
a single variable (18). The most important purpose of
SES is to provide some means of comparing relative
position with regard to others. Almost always SES is
computed as a three-level variable (i.e., low, middle, and
high) (21). Others have noted that various measures of
SES are not interchangeable and that each one assesses
a different aspect of SES and reflects the intent and
approach of the investigator (21). In our analysis SES
is a composite or computed variable comprised of two
categorical variables: education and income. In keeping
with convention, data categories from each of these
individual variables were coded as one of low, mid-range,
or high and numbered as 1, 2, or 3, respectively. The
numbering was necessary in order to create a composite
variable (in this instance one variable from two separate
ones). The variables with numbered factors or categories
were then added together to create the composite variable
of SES. For education, low was less than high school and
was coded as 1, mid-range was high school graduate and
was coded as 2, and high was at least some college and
was coded as 3. For income, low referred to the category
<$25,000 and was coded as 1, mid-range referred to
$25,000-<$50,000 and was coded as 2, and high equaled
>$50,000 and was coded as 3. When the individual
variables were added together the possible computed
range was 2—6 points. These points were then indexed
in the following manner: low = 2-3 points, mid-range =
4-5 points, and high = 6 points. These cut points were
purposive. For the lowest range of the index, 2 points
was the floor (smallest possible point assignment); for
the mid-range of the index, 4 points was the floor; and
likewise for the high range of the index, 6 points was
the floor. Any points below the floor for the mid-range
were assigned to the lowest index category just as any
points below the floor for the highest index category were
assigned to the mid-range index category.
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TABLE 2.—Asthma control.?

Controlled asthma (all of

Characteristics/variable the following)

Partially controlled asthma
(any measure present in any
week) Uncontrolled asthma

Asthma symptoms (daytime symptoms) None (twice per week)

Activities limited (limitations) None

Sleep difficulties (nocturnal symptoms) None

Times used asthma inhaler (need for None (twice per week)
relief/rescue treatment)

Asthma attack (exacerbations) None

More than twice per week Three or more features of

Any partially controlled
Any asthma present in any
More than twice per week week

One or more/year One in any week

Note: ®Adapted from the asthma control definition from Pedersen et al. (22) guidelines.

Asthma control was computed using the definition
of control adopted by the Global Initiative for Asthma
(22). Three levels of control were computed: controlled,
partially controlled, and uncontrolled. The following
response categories of the variables were computed:
asthma attack (in the past 12 months), activities limited
(because of asthma in the past 12 months), asthma
symptoms (during the past 30 days), sleep difficulties
(because of asthma in the past 30 days), and times used
asthma inhaler (in the past 30 days). Table 2 describes the
construction of this variable.

The metropolitan statistical area (MSA) variable
included in BRFSS was used to define the place of
residence as either rural or non-rural. Rural residents were
defined as persons living either within an MSA that had
no city center or outside an MSA. Non-rural residents
included all respondents living in a city center of an MSA,
outside the city center of an MSA but inside the county
containing the city center, or inside a suburban county of
the MSA.

Race and ethnicity were calculated from participant re-
sponses to two separate survey questions—one regarding
race and the other regarding Latino/Hispanic ethnicity.
Combining the responses to these two questions allowed
for the derivation of the race and ethnicity variable used.
All race/ethnicity categories were computed as mutually
exclusive entities. For example, all respondents coded
as Caucasian chose White as their racial classification,
likewise Black for African American, and so on. If
a respondent identified himself/herself as Hispanic or
Latino he/she was classified by that ethnic category,
regardless of any additional racial classification. The
category of Other/Multiracial was also calculated and
used in some of the analyses; however, it was not included
in the bivariate analysis. In no instance was a Hispanic or
Latino self-identified person also classified as Caucasian
or African American or Other/Multiracial.

Analyses were conducted to compare the US adult
population with and without asthma, as well as to describe
the US adult population with asthma in light of specific
variables such as frequency of asthma exacerbations;
number of routine, urgent, and ED visits; and overall
healthcare utilization. Bivariate analysis was performed to
examine the health service deficits by SES, race/ethnicity,
and geographic locale. Multivariate logistic regression
analysis was performed to examine the health service

deficits experienced by adults with asthma controlling for
SES, race and ethnicity, and geographic locale. The de-
pendent variable—health service deficit—was calculated
for each US state in order to identify the states where the
greatest health service deficits existed. ArcView version
10.0 (ESRI, Redlands, CA, USA) was used to map all US
states according to the health service deficit variable.

For all statistical analyses, alpha was set at p < .05.
Statistical Package for Social Sciences (SPSS, IBM,
Chicago, IL, USA) version 19.0 was used to complete
all statistical analyses performed in this study. Human
subject approval was sought and received from Essentia
Health’s Institutional Review Board (IRB) as well as the
University of Illinois, College of Medicine at Rockford’s
IRB.

RESULTS

The prevalence estimates for US adults with current
asthma stratified by race/ethnicity were 8.06% for
Caucasians, 8.70% for African Americans, 5.83% for
Hispanic adults, and 8.69% for Other/Multiracial adults.
In addition, there was a greater likelihood for rural adults
to currently have asthma than non-rural adults (OR =
1.173,95% CI = 1.171-1.175).

When examining the characteristics of US adults with
current asthma, 52.3% reported adult onset condition (see
Table 3). About 65.0% or more women reported current
asthma than men as did adults aged 35-64 years (51.3%).
Almost 14% (13.7%) of US adults with current asthma
reported that they did not have health insurance and
46.3% of adults with asthma had uncontrolled asthma.
A higher proportion of middle-SES adults (45.5%) had
current asthma than either low-SES (25.0%) or high-SES
(29.5%) adults.

Table 4 displays geographic locale and race and
ethnicity by SES for US adults with current asthma. For
rural as well as African American and Hispanic US adults
with asthma at least 30% of each subpopulation was of
low SES and at least 40% of middle SES. The range for
high SES was 15.7-33.8%. Almost 34% of Caucasian
US adults with asthma were high in SES while the same
was true for only 15.7% of similar African Americans.
Likewise, 32.7% of non-rural adults with asthma were
high in SES while only 18.5% of rural adults were.
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TABLE 3.—Characteristics of US adults >18 years of age with current asthma (2005 BRFSS data) (n = 17,527,227%).

Variables Factors Percentage (%)
Sex Male 34.5
Female 65.5
Marital status Married or living with a partner 57.0
Not married or partnered 43.0
Race and ethnicity Caucasian 70.7
African American 10.5
Hispanic 11.0
Other/Multiracial 7.8
Age 18-34 years 32.8
35-64 years 51.3
>065 years 15.5
SES Low SES 25.0
Middle SES 455
High SES 29.5
Residency by geographic locale Non-rural 79.8
Rural 20.2
Health insurance Do not have health insurance 13.7
Have health insurance 86.3
Healthcare provider Do not have healthcare provider 13.5
Have healthcare provider 86.5
Asthma onset age Preadolescent onset 36.1
Adolescent onset 11.6
Adult onset 52.3
Asthma control Controlled asthma 12.5
Partially controlled asthma 41.1
Uncontrolled asthma 46.3
Asthma attacks in the past 12 months At least one asthma attack 51.7
No asthma attacks 48.3
ED asthma visits in the past 12 months At least one asthma ED visit 16.2
No ED asthma visits 83.8
Urgent asthma visits in the past 12 months At least one urgent asthma visit 28.1
No urgent asthma visits 71.9
Routine asthma care in the past 12 months At least one routine asthma visit 453
No routine asthma visits 54.7
Work days limited because of asthma in the past 12 months At least one workday limited 30.2
No workdays limited 69.8

Notes: SES, socioeconomic status; BRFSS, Behavioral Risk Factor Surveillance Survey.
AWeighted n.

TABLE 4.—Geographic locale, race and ethnicity, and socioeconomic status (SES) of US adults with asthma (2005 BRFSS data).

SES
Variable Factors Low SES (%) Middle SES (%) High SES (%)
Geographic locale Non-rural 22.4 44.9 32.7
Rural 34.1 474 18.5
Race and ethnicity Caucasian 20.8 45.5 33.8
African American 372 47.1 15.7
Hispanic 40.2 43.6 16.2
Other/Multiracial 25.4 47.0 27.6

Note: BRFSS, Behavioral Risk Factor Surveillance Survey.

Bivariate analysis of US adults with current asthma ex-
amining health service-related variables by race/ethnicity,
SES, and geographic locale is presented in Table 5. When
compared with Caucasian adults with current asthma,
similar African Americans were at greater risk of having:
at least one ED visit for asthma (OR = 2.339, 95%
CI = 2.329-2.350); at least one urgent care visit for
asthma (OR = 1.290, 95% CI = 1.284-1.296); and
at least one workday limited because of asthma in the

past 12 months (OR = 1.227, 95% CI = 1.221-1.232).
African Americans were also at greater risk of not having
health insurance (OR = 1.233, 95% CI = 1.231-1.233);
not having a healthcare provider (OR = 1.260, 95% CI
= 1.259-1.260); and for having deferred medical care
because of cost (OR = 1.260, 95% CI = 1.259-1.260).

When compared with Caucasian adults with current
asthma, similar Hispanic adults were at greater risk
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for all of the examined health service-related variables.
Likewise when compared with African American adults
with current asthma similar Hispanic adults were at risk
for all but three of the health service-related variables
examined. These three variables were as follows: ED
visits, urgent asthma care visits, and deferring medical
care because of cost. For workday limitations (at
least one workday limited because of asthma in the
past 12 months) Hispanics were at greater risk than
Caucasians (OR = 2.270, 95% CI = 2.269-2.280) as
well as African Americans (OR = 1.424 95% CI =
1.419-1.429).

When comparing rural and non-rural adults with
current asthma on the health-service-related variables,
rural adults were at greater risk for four and non-rural
adults were at greater risk for five of the nine health
service-related variables. Of note, rural adults with
asthma had a greater risk of not having health insurance
(OR = 1.319, 95% CI = 1.315-1.322) and of deferring
medical care because of cost (OR = 1.285, 95% CI
= 1.282-1.288). Finally, when comparing low- and
high-SES adults with current asthma, low-SES adults
were at greater risk for all but one of the examined
health service-related variables (at least one asthma
attack in the past 12 months). Of note, low-SES US
adults with asthma had much greater odds of not having
health insurance when compared with similar high-SES
adults (OR = 6.452, 95% CI = 6.439-6.466) and of
deferring medical care because of cost (OR = 7.434, 95%
CI = 7.420-7.448).

Multivariate logistic regression was performed using
health service deficits as the dependent variable and
SES, race and ethnicity, and geographic locale as the
independent covariates (Table 6). These findings yielded
that using high SES as the reference category, low-SES
(OR = 1.976, 95% CI = 1.971-1.982) and middle-SES
(OR = 1.596, 95% CI = 1.592-1.600) adults with current
asthma had greater odds of having a health service
deficit. Using Caucasian adults with current asthma as
the reference category, Hispanic (OR = 1.594, 95%
CI = 1.588-1.599) and Other/Multiracial (OR = 1.447,
95% CI = 1.441-1.452) adults with current asthma
had greater odds of having a health service deficit.

TABLE 6.—Logistic regression in US adults with asthma with at least one
health service deficit by race/ethnicity, socioeconomic status (SES), and
geographic locale (2005 BRFSS data).

Independent variable and factors Adjusted odds ratio (95.0% CI)

SES Low SES 1.976 (1.971, 1.982)
Middle SES 1.596 (1.592, 1.600)
High SES -2

Race and ethnicity ~ African American 0.942 (0.939, 0.945)
Hispanic 1.594 (1.588, 1.599)
Other/Multiracial 1.447 (1.441, 1.452)
Caucasian -2

Geographic locale Rural 1.086 (1.083, 1.089)
Non-rural -2

Notes: BRFSS, Behavioral Risk Factor Surveillance Survey.
AReference category.

Furthermore, using non-rural adults with current asthma
as the reference category, rural adults with current asthma
had greater odds of having a health service deficit (OR =
1.086, 95% CI = 1.083-1.089).

Table 7 displays the percentage of US adults with
current asthma experiencing at least one health service
deficit by state of residence. Data are displayed for
all, rural, Hispanic, and low-SES adults with current
asthma. The rates for all US adults have a 31 point range
from a low of 28.5% (Delaware) to a high of 58.8%
(Wyoming) and are mapped by state in Figure 1. The
data have been divided into tertiles and as indicated in
the legend color-coded to indicate the lowest, middle, and
highest tertiles. Nine states constituted the lowest tertile
(28.50-38.93%) of percentage of US adults with asthma
as having at least one health service deficit. Twenty-four
states constituted the middle tertile (38.94-49.37%) while
17 states constituted the highest tertile (49.38-59.80%).

DISCUSSION

The first step in addressing healthcare disparities is an
appreciation of who may be at risk (23) and who may
not be accessing the services. This notion is grounded in
the understanding that societies shape patterns of disease
and that these patterns change over time in response
to multiple factors (24, 25). In the case of asthma,
the relative contributions of environmental, societal,
and genetic influences for effectively managing asthma
remain unclear.

To help identify strategies to improve asthma care, we
have introduced the concept of health service deficits in
the context of a chronic disease. Health service deficits
examine how a group (e.g., rural adults) makes use
of services relevant to their chronic condition (e.g.,
asthma). Factors that influence health services include
prevalence of the disease, availability of services, the
ability to access available services, cultural influences,
and other barriers to appropriate care. By identifying
health service deficits, policy makers can recognize
areas of need and direct research to determine why
a deficit might exist. Our results revealed that the
prevalence of health service deficits was not shared
equally across groups of adults with asthma and that
some populations with asthma are at greater risk for a
health service deficit than others. In summary, we found
that Hispanic and Other/Multiracial adults with current
asthma experienced greater health service deficits when
compared with Caucasian adults with current asthma. In
addition, Hispanic adults were at a greater risk for all of
the examined health service-related variables compared
with Caucasian adults. When compared with African
American adults with current asthma, similar Hispanic
adults were at greater risk for all but three of the health
service-related variables examined. These three variables
were as follows: ED visits, urgent asthma care visits, and
deferring medical care because of cost. Unlike for African
Americans, the increased risk for Hispanics existed across
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TABLE 7.—Percentage of all, rural, Hispanic, and low-SES US adults with current asthma experiencing at least
one health service deficit by state of residence 2005 BRFSS data®.

Hispanic adults Low-SES adults
All US adults with Rural adults with with current with current
State current asthma (%) current asthma (%) asthma (%) asthma (%)
Alabama 49.4 54.7 76.6 36.6
Alaska 46.2 48.9 56.8 25.8
Arizona 43.2 51.0 58.7 27.4
Arkansas 50.7 54.2 84.6 38.9
California 47.3 46.3 63.5 20.6
Colorado 45.7 60.0 57.8 20.2
Connecticut 44.0 56.7 66.1 23.8
Delaware 28.5 23.2 15.9 27.5
Florida 36.4 43.8 49.0 42.8
Georgia 52.3 49.9 22.5 28.0
Hawaii 37.8 44.6 41.2 16.5
Idaho 59.8 55.3 85.9 24.6
Tllinois 38.2 35.9 56.1 27.1
Indiana 47.5 41.8 74.7 38.2
Towa 42.6 48.8 42.2 29.1
Kansas 36.9 429 68.5 31.6
Kentucky 51.5 53.5 71.8 46.8
Louisiana 53.0 55.1 91.1 40.4
Maine 46.7 50.6 64.0 28.0
Maryland 43.1 29.7 61.6 25.0
Massachusetts 34.1 22.5 52.0 25.4
Michigan 429 41.6 57.5 23.8
Minnesota 46.2 36.2 54.8 7.0
Mississippi 54.9 53.6 70.5 51.1
Missouri 48.7 55.5 84.0 29.9
Montana 54.1 55.5 100.0 37.3
Nebraska 443 48.9 56.2 21.3
Nevada 51.3 344 84.0 12.6
New Hampshire 35.5 38.7 30.9 24.0
New Jersey 39.6 N/A 56.4 26.3
New Mexico 51.0 49.9 46.9 224
New York 40.1 37.3 53.8 30.0
North Carolina 44.6 47.5 56.7 35.7
North Dakota 52.6 55.0 41.6 259
Ohio 45.1 55.6 71.4 33.5
Oklahoma 53.9 57.7 70.3 35.9
Oregon 51.5 52.2 54.2 24.9
Pennsylvania 44.2 46.2 27.9 30.8
Rhode Island 33.3 N/A 52.0 314
South Carolina 51.4 53.5 66.6 443
South Dakota 42.7 44.3 68.1 29.9
Tennessee 37.2 34.8 153 48.3
Texas 57.8 66.6 63.8 33.5
Utah 51.1 60.7 74.0 14.9
Vermont 46.6 44 .4 54.3 20.2
Virginia 37.6 46.3 47.8 21.3
Washington 44.0 45.5 51.0 23.5
West Virginia 45.2 48.0 78.5 46.9
Wisconsin 43.8 49.5 62.0 17.9
‘Wyoming 59.7 61.3 84.2 18.2
USA 44.9 47.7 56.6 29.2

Notes: SES, socioeconomic status; BRFSS, Behavioral Risk Factor Surveillance Survey; N/A, not applicable.
2Health service deficit is defined as experiencing at least one of the following four conditions: does not have own physician, does
not have health insurance, has deferred medical care in the past 12 months because of cost, and has not had a routine medical

checkup in the past 12 months.

SESs and suggests that issues unique to Hispanics such
as language or other cultural barriers play an important
role in health service deficits for Hispanics with asthma.
For example, the degree of acculturation might influence
desire and/or the ability to seek services (26). Strategies

that further identify and address these barriers will likely
be important for improving asthma management and
outcomes for this group.

Not unsurprisingly, SES influenced heath service
deficits. When comparing low- and high-SES adults with
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FIGURE l.—Percentage of US adults with current asthma experiencing at least one health service deficitby state of residence 2005 Behavioral Risk Factor

Surveillance Survey (BRFSS) data.

Note: Health service deficit is defined as experiencing at least one of the following four conditions: does not have own physician, does not have health insurance,
has deferred medical care in the past 12 months because of cost, and has not had a routine medical checkup in the past 12 months.

current asthma, low-SES adults were at greater risk for all
but one of the examined health-service-related variables.
Previous research supports the notion that inequalities in
SES increase the risks of morbidly and mortality (27, 28).
Our study found that compared with those from higher
SES, lower SES adults had an increased likelihood of
having at least one health service deficit. In addition to the
fundamental challenge of income, SES is also a marker of
health literacy, access issues (beyond health insurance),
and perhaps cultural attitudes related to health that likely
influence asthma care (29). Our findings reinforce the
importance and challenge of identifying and overcoming
the barriers faced by those with poorer SES who have
asthma.

Another key finding was that after controlling for
factors such as SES and ethnicity, rural adults with
asthma were more likely to experience a health service
deficit. Previous research shows that inner-city urban poor
experience disproportionately high levels of morbidity
and mortality related to asthma (29). A growing body
of literature indicates the complex social and economic
interactions of ‘“neighborhoods” contribute to health
disparities independent of individual-level risk factors
(30). While disparities in health care among minorities
and inner-city residents is a well-recognized problem,
rural health disparities are becoming more recognized
(31, 32) and suggest that rural culture may be a health
determinant (33).

Social determinants of health or the social context
in which people live their lives is a key contributor
to health disparities or inequities and Hartley (33) has
noted that researchers examining the health of rural

Americans need to explore questions such as: “Why does
rural residence (culture, community and environment)
reinforce negative health behaviors?” (34, p. 1676). We
believe that examining how and if rural residence (culture,
community, and environment) affects health behaviors is
equally important and can help identify if rural residency
is a fundamental social cause of health inequities defined
as such by Link and Phelan (25). Accordingly, there are
four essential features that characterize a fundamental
social cause. These are as follows: (1) it influences
multiple disease or health outcomes; (2) it affects these
outcomes through multiple risk factors; (3) it entails
access to resources that may be used to either avoid
risks or minimize the consequence of disease; and (4) the
association between the fundamental cause and the health
is reproduced over time (24).

An enhanced understanding of health service deficits
related to rural asthma care should prove useful for
individuals hoping to lessen the degree of difference
of disparity or inequity between rural and non-rural
adults with asthma (34). Likewise those responsible
for health-related planning at a statewide level can
benefit from the knowledge of how their state ranks
in comparison with other states. Our findings revealed
that the percentage of population by state suffering from
having an asthma-related health service deficit ranged
from a low of 28.5% (Delaware) to a high of 58.8%
(Wyoming). Understanding the reasons for this gap may
shed light on how to optimize asthma care.

Several potential limitations to this study should be
noted. First, the survey is based on telephone-derived
data and may be skewed because those who could not
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be reached by phone could not participate in the survey.
For example, the widespread use of answering machines
and caller ID allows people to filter their phone calls
potentially leading to a passive refusal to participate
in surveys such as the BRFSS. Of course, the use of
answering machines and caller ID to filter out “unwanted”
or “unfamiliar” callers is beyond the control of survey
administrators. In addition, persons of lower SES may
have been excluded because of poorer phone access.
However, the fact that the vast majority of US residents
live in households with telephones minimizes this bias.
Furthermore, US cell phone numbers are now included in
the pool of phone numbers contacted for the survey. In
addition, study strength is the use of a large multi-state
database that includes a robust sample of rural residents
weighted to reflect the demographics of rural versus
non-rural US populations.

A second limitation is that the survey used closed-
ended questions, which limit a responder’s options to
fully explain response choices. However, while a different
question format may have yielded different results, the
survey questions were worded so that the answer choices
covered a wide range of response possibilities. A third
and related limitation is that the answers are self-reported,
which introduces the possibility of recall bias on the part
of the survey participants.

Fourth, only those variables available from the survey
questions could be used and these questions may not
reflect a fully comprehensive measure of the concept
of health service deficits. For instance, defining health
service deficits might ideally also include information
regarding care management. Since the values used to
define health service deficits did not reflect elements
of care management we might have underestimated the
number of US adults with current asthma who had a health
service deficit.

A fifth potential bias resulted from the languages of
the survey—English and Spanish. Individuals who did
not speak English or Spanish were excluded from this
survey. Not all US residents speak the two languages of
this survey, as a result those adults from other cultures
who do not speak either English or Spanish and who have
a health service deficit may have been excluded and as a
result the aggregated data may not be representative of all
adults who are residing in the United States.

CONCLUSIONS

Asthma is epidemiologically complicated. Despite the
availability of effective treatment it remains one of the
top five most expensive diseases in the US Healthcare
System. This study identified clear patterns of dispar-
ity associated with health services and asthma. The
recognition that subgroups such as Hispanics, those of
low SES, and those living in rural communities are
at greater risk for a health service deficit suggests the
need to develop and test strategies to improve asthma
care for these individuals. Moreover, the results of this
study provide an invitation to undertake the work of

theory development around the conceptualization of rural
residency as a possible fundamental social cause of health
inequities (35, 36).
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