Asthma in rural America
Dennis R. Ownby, MD

Objectives: To examine current trends of asthma prevalence, diagnosis, and utilization of care in rural areas, increase
awareness about asthma disease burden, and provide general recommendations for improving care in this setting.

Data Sources: MEDLINE searches were conducted for articles published from 1966 onward, with human subjects and the
English language as descriptors. Other terms used included undiagnosed frequent wheezing, hygiene hypothesis, atopic
sensitization, endotoxin, telemedicine, and asthma prevalence and care in rural or urban areas.

Study Selection: Review and original research studies that reported on asthma care in rural areas were selected for evaluation.

Results: Contrary to common belief, evidence suggests that asthma prevalence of rural and urban youth is comparable in the
United States and may indeed be higher in rural areas. Data are not available to determine prevalence rates for rural adults in
the United States. This review presents data suggesting that the utilization of asthma care among rural and urban residents may
not be comparable. Rural residents are confronted with certain barriers to care that are not as common in the urban setting. These
include lack of health care insurance, geographic obstacles to obtaining care, inability of getting suitable appointments, scarcity
of health care professionals, and poor access to information about asthma.

Conclusions: Current literature suggests that asthma in rural areas may be underdiagnosed and deserves additional study.
Improving formal and continuing education of health care professionals, compensating for health care shortages by using
existing resources, and facilitating patient support and education are some of the ways to address the special needs faced

by rural residents.

INTRODUCTION

Current estimates of asthma prevalence in rural America may
be misleading because of a lack of studies that examine the
existing situation in those areas. In fact, results from a MED-
LINE survey show that of 293 references found when search-
ing the term asthma between 1966 and 2004, 106 (53%) of
the 200 references directly related to urban asthma were
conducted in the United States, whereas only 16 (15%) of 80
studies directly related to rural asthma during the same period
were conducted in the United States. These numbers reflect
an existing bias toward conducting studies in urban areas both
in the United States and abroad. The locations of most med-
ical schools, ease of gathering a large number of patients, and
ease of contacting those patients are some of the reasons
presumably behind this trend. Parallel to this observation is
the notion that most rural environments are agricultural.
On the contrary, in many areas of the United States,
agriculture has become a large business, and people living
in rural areas are not necessarily in traditional farm envi-
ronments.

Another general misconception exists surrounding the hy-
giene hypothesis. Coined in 1989 by David Strachan, the
hygiene hypothesis states that increased exposure to micro-
bial components and increased prevalence of naturally occur-
ring infections, such as those acquired among siblings in
large families, may modulate the immune system to provide
subsequent protection against asthma, allergies, and autoim-
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mune diseases."> Thus, less hygienic environments, presum-
ably such as rural areas, may be beneficial in decreasing
the incidence of asthma. However, although some studies
confirm a protective effect derived from growing up on a
farm, most children in rural America do not live on
farms.>¢

Likewise, the question of undiagnosed asthma prevalence
is multifaceted, with consequences that affect the social and
economic aspects of the disease. Studies show that people in
rural areas are less likely to receive appropriate controller
medications, such as inhaled corticosteroids, than people in
urban areas; they are also less likely to see an asthma spe-
cialist and to receive community support.”® Rural residents
also have less access to health care professionals than urban
residents, face less continuity of care, have less access to
educational materials, tend to experience more poverty, and
are less likely to be insured.~" Furthermore, rural areas
generally have a shortage of health care professionals and
tend to have less training and fewer educational resources
available.'=20 All of these factors highlight a need for im-
proving asthma care in rural areas.

This review examines current trends in rural asthma prev-
alence, diagnosis, and utilization of care in the United States.
In addition, it addresses the socioeconomic burden of asthma
and provides general recommendations toward improving
asthma care in rural areas. MEDLINE searches were con-
ducted from 1966 onward, with human subjects and the
English language as descriptors. Other terms used included
undiagnosed frequent wheezing, hygiene hypothesis, atopic
sensitization, endotoxin, telemedicine, and asthma prevalence
and care in rural or urban areas. Review and original
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research studies that reported on asthma care in rural areas
were selected for evaluation.

ASTHMA PREVALENCE IN RURAL AREAS

It is generally believed that asthma is less prevalent in rural
areas than in urban areas, possibly due to the hygiene hy-
pothesis; however, evidence exists that may argue against
this. Statewide studies in the United States have found that
children and adolescents who live in rural areas have a higher
prevalence of asthma than their urban counterparts. In a study
of 554,105 children aged O to 14 years enrolled in the North
Carolina Medicaid program during 1997 to 1998, Buescher
and Jones-Vessey?!' reported that 69,289 children (12.5%)
were diagnosed as having or had received a prescription drug
for asthma. Of those, the prevalence was higher in rural
children compared with urban children (13.3% [47,906 of
359,748 participants] and 11% [21,383 of 194,357 partici-
pants], respectively). Although the study’s authors did not
calculate the statistical significance of this difference, a sta-
tistical analysis of the data showed that the between-group
difference was statistically significant (P < .001). When
interpreting these data, however, it is important to note that
this study made use of both diagnosis and prescription infor-
mation for estimates of asthma prevalence. The study’s au-
thors suggested a possible overestimation of the asthma cases
when the drugs prescribed were used in addition to diagnoses,
but this presumably would affect the prevalence equally in
rural and urban areas.?!

Asthma underdiagnosis in rural areas has been reported in
other studies, and contradictory reports of independent risk
factors that may be associated with this apparent underdiag-
nosis have been surfacing in recent years.?>>* For example,
epidemiologic research of pediatric asthma in the United
States has been largely based on physician diagnosis or
parental-reported diagnosis.?>?>?¢ However, it has been
shown that using diagnosis parameters alone may underesti-
mate the true prevalence of asthma? and, by definition, the
diagnostic umbrella should encompass not only prevalence of
morbidity but also other important factors, such as symptom
perceptions, physician practice, and access to care.?”’

Another possible factor that has been suggested to contrib-
ute to underdiagnosis of asthma is that frequent wheezing
among rural residents may in fact be undiagnosed asthma.
The North Carolina School Asthma Survey conducted from
1999 to 2000 by Yeatts et al** made use of an adapted
International Survey of Asthma and Allergies in Childhood
(ISAAC) questionnaire to determine the prevalence of undi-
agnosed frequent wheezing and related risk factors. The ques-
tionnaire was adapted using written- and video-symptom
questions, but it was not validated in this study because of
budgetary constraints. However, in other studies, the ISAAC
method of video-guided, adolescent self-reporting of asthma
has been found consistent with parental reporting and physi-
cian diagnosis of asthma.?8-3

The survey evaluated 122,829 children aged 12 to 18 years
from 499 public middle schools in North Carolina. Of those,

a total of 7,587 children with frequent wheezing, 12,174
asthmatic patients, 64,644 asymptomatic children, and 38,424
children with mild asthma-like symptoms were identified.
Significantly more children reporting frequent wheezing
lived in rural areas (56%) than in urban areas (44%) (P <
.001). Similarly, more children with diagnosed asthma lived
in rural areas (51%) than in urban areas (49%) (P < .001).
Asymptomatic children were equally likely to live in rural or
urban areas.>

Overall, 70% of children with frequent wheezing and 86%
of asthmatic patients reported having allergies (defined as any
allergy to cat, dog, grass, pollen, or dust) vs 36% of asymp-
tomatic patients (P < .001).* A higher proportion of children
with frequent wheezing also reported poor health (23%)
compared with the asthmatic and asymptomatic groups (20%
and 4%, respectively) (P < .001). Additionally, 88% of
children with frequent wheezing and 99% of asymptomatic
children never used an inhaler vs 22% of asthmatic patients
(P < .001). Thus, the frequent wheezing group was almost as
likely to have allergies as the diagnosed asthmatic group.
Furthermore, they were more likely to feel that they had
poor health and less likely to have been prescribed an
inhaler.

The study investigators interpreted these findings as
strongly suggestive that patients with frequent wheezing have
undiagnosed asthma.?* Thus, this study may prove that fre-
quent wheezing is more common in rural areas, which would
result in an underestimation of asthma prevalence in those
areas. However, as stated herein, since the ISAAC question-
naire was not validated in this study, additional research is
needed to corroborate these results, particularly because
mixed reports regarding the utility of the questionnaire have
been reported.?$-3?

ENVIRONMENTAL EXPOSURE IN RURAL AREAS:
A CONFERRED BENEFIT?

Environmental exposure to microbial components, as stated
by the hygiene hypothesis, is theorized to play an important
role during the maturation of the immune system, triggering
the development of tolerance to one’s environment. Certain
European farm environments have been noted to confer a
protective effect against allergic diseases.>™>* However, al-
though protective, this effect is complex in nature, and it
seems to be correlated with a temporal element (eg, exposure
during the first year of life), stimulus intensity (eg, dose and
frequency), other concurrent exposures, and genetic variabil-
ity in immune response to endotoxin.?3*

In a cross-sectional study of 812 children from 319 farming
and 493 nonfarming families in Austria, Germany, and Swit-
zerland, Riedler et al® showed that exposure to stables in
combination with consumption of farm milk by children
younger than 1 year decreased the frequency of asthma, hay
fever, and atopic sensitization to 1% (3/218), 3% (7/218), and
12% (27/218), respectively, from 12% (20/170), 16% (27/
170), and 33% (56/170), respectively, observed in children
from nonfarming families. These effects were less pro-
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nounced for children exposed to stables only (6% [3/48], 4%
[2/48], and 21% [10/48] for asthma, hay fever, and atopic
sensitization prevalence, respectively) or for those who con-
sumed farm milk only (6% [11/189], 4% [8/189], and 15%
[29/189] for asthma, hay fever, and atopic sensitization prev-
alence, respectively). In children older than 1 year, the ob-
served effects dissipated with time. Hence, the conferred
benefits were most beneficial in children exposed to a farm-
ing environment before the age of 1 year.?

Evidence suggests that endotoxin, a cell-wall component
of gram-negative bacteria, and other microbial components
are partially responsible for regulating different processes
within the immune system. For example, endotoxin increases
the production of interleukin 10 and interferon-vy.> Braun-
Fahrlander et al* demonstrated that endotoxin levels in sam-
ples of dust derived from children’s mattresses were inversely
proportional to the incidence of hay fever, atopic asthma, and
atopic sensitization. Mattress endotoxin levels were found to
be significantly higher for children from farming households
(37.8 U/mg of dust) compared with those of children from
nonfarming households (22.8 U/mg of dust) (P < .001).

In the same study, children from farming households were
found to have a lower prevalence of hay fever (4.1%), atopic
sensitization (17.2%), and atopic asthma (3.1%) compared
with children from nonfarming households (10.5% [P <
.001], 23.5% [P < .03], and 5.9% [P < .07], respectively).
Similarly, in children from nonfarming environments, the
incidence of atopic wheezing and atopic asthma decreased
with increasing levels of mattress endotoxin; however, it was
also shown that increasing levels of mattress endotoxin in this
subgroup of patients was directly proportional to increasing
prevalence of nonatopic wheezing and asthma. Overall, ex-
posure to a farming environment during the first year of life
had an inverse relationship with all these conditions, includ-
ing nonatopic wheezing and asthma, regardless of the level of
endotoxin exposure. Authors associated this long-term expo-
sure to endotoxins with a down-regulation of response and
thus protection against these allergic conditions.*

Early childhood exposure to endotoxin was likewise found
to correlate with decreased incidence of atopic disease in
birth cohort studies.> Gehring et al®* found that endotoxin
exposure during the first 6 months of life significantly re-
duced the risk of atopic eczema (odds ratio [OR], 0.50; 95%
confidence interval [CI], 0.28-0.88). The study comprised
data from 1,884 normal-weight neonates, with mattress dust
samples collected from mothers and children at 3 months
after birth. Results also showed, however, that endotoxin
levels were correlated with an increased risk of respiratory
infections (OR, 1.69; 95% CI, 1.25-2.28); cough with respi-
ratory infection, bronchitis, or both (OR, 1.73; 95% CI,
1.28-2.33); and wheezing (OR, 2.37; 95% CI, 1.40-4.03).
Although these studies provide evidence in support of the
hygiene hypothesis, they do not support a clear therapeutic
course of action, warranting the need for future studies in this
area of research.>¢

PATTERNS OF ASTHMA DIAGNOSIS AND
UTILIZATION OF CARE IN RURAL AREAS
Diagnosis

As previously mentioned, some statewide studies provide
evidence to suggest that asthma prevalence in children and
adolescents in rural areas is at least as high as that in urban
areas.?! Furthermore, other studies suggest that incidence of
undiagnosed recurrent wheezing may be a more common
phenomenon among rural vs urban residents.* In a study of
Tennessee children aged 2 to 17 years enrolled in Medicaid,
only 44.8% of the 6,035 children had a prescription filled for
oral corticosteroids within 7 days after an emergency depart-
ment visit for asthma, and only 55.5% of 2,102 had an oral
corticosteroid prescription filled after hospitalization for asth-
ma.’

In the Tennessee study, older age, black race, and rural
residence were each found to be independently associated
with not having a prescription filled. In fact, only 39% of
rural children had a prescription filled following an emer-
gency department visit, and only 50.5% of rural children had
a corticosteroid prescription filled following a hospital visit
for asthma, compared with 49.4% and 60.3%, respectively,
for children living in urban areas (P < .001). The authors
suggested that these differences may be due to poorer infor-
mation dissemination in rural areas, which in turn may trans-
late to less advanced asthma care and a lower level of phy-
sician compliance with asthma guidelines.”** Furthermore, it
has been suggested that the dissemination of continuing med-
ical education may vary between rural and urban regions,
leading to differences in familiarity with treatment guide-
lines.?*3 In an educational needs evaluation questionnaire
sent to 1,096 rural family physicians, Norris et al* found that
more than 40% of 63 items available for analysis were rated
as inadequate preparation for rural practice. Chronic child-
hood problems was one of the items listed as having inade-
quate preparation in rural practice.

Inadequate training of health care personnel was also noted
in a study of emergency service agencies in New Mexico. A
questionnaire disseminated more than 3 years to those agen-
cies revealed that only 4% and 23% of survey participants
administered steroids and [3,-agonists, respectively. Further-
more, administration of [3,-agonists was allowed to be con-
ducted only by those with at least a minimum of intermediate-
level training.'® In a separate survey that involved school
nurses from all counties in Maryland and Washington, DC, it
was shown that rural nurses used peak flow meters less
frequently to measure and monitor asthma severity, asked for
fewer asthma referrals, and had less access to educational
materials for asthma.!” Additionally, they offered less asthma
education compared with other school nurses. Lack of asthma
education is also a cause of concern among asthmatic pa-
tients. In a pretest and posttest telephone survey, parents of
asthmatic children expressed a need for asthma educational
materials, including relevant information about asthma med-
ications.!!
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Other factors that may contribute to underdiagnosis of
asthma in rural areas include limited transportation to
specialist centers, which contributes to limited access to
health care professionals, a low level of referral from
primary care physicians to asthma specialists, and longer
distances to emergency department centers compared with
urban areas.

Utilization of Care

Hospitalization rates for children with asthma have been on
the rise in recent years, and as a result, discharge with a
diagnosis of asthma has become the most common inpa-
tient diagnosis in children.?” Discrepancies in utilization of
care among urban and rural areas have been noted to
exist. 310127151920 Ty g study by Yawn et al,? 8,634 Kentucky
children aged O to 18 years receiving Medicaid were
classified as having asthma if they had 1 or more asthma-
related visits to the physician. More than 50% of these
children were younger than 6 years. Urban children were
twice as likely to visit an asthma specialist, 2.7 times more
likely to receive care in an emergency department, and 1.4
times more likely to be prescribed oral steroids compared
with rural children (5% vs 2.5% [P < .05], 19% vs 7%
[P < .01], and 16% vs 12% [P = .04], respectively). The
authors acknowledged that these data do not corroborate a
disparity in asthma care among rural and urban asthmatic
children; however, the data suggest that asthma in all
children continues to be treated as an acute rather than
chronic condition.®

In a recent study, Fredrickson et al’° evaluated billing data
and focus groups to determine the cause behind frequent
emergency department use by asthmatic children insured by
Medicaid living in rural areas and 23 towns in Kansas. Of the
2,767 children insured by Medicaid, a total of 416 asthma-
related billing events were found. Emergency department
visits were noted in 196 of those events or 770 per 10,000
insured children. Two or more emergency department Vvisits
were observed in 34 children, which represented 49% of the
total number of asthma-related emergency department visits.
Likewise, 15 children had 3 or more emergency department
visits, accounting for 29% of all emergency department visits.
The focus group for the study consisted of mothers of 6
children with 1 or more hospitalizations or a minimum of 3
emergency department visits for asthma. Several factors were
identified as deterrents to using primary care for asthma
management, including an inability to get urgent or suitable
appointments, reduced continuity of care, obstacles to after-
hours coverage, and lack of attention to preventive measures,
among others.’

Lack of access to care in rural areas is a major obstacle to
overall asthma management. An estimated 8 million rural
residents are believed to lack health insurance, of whom
26.5% are children. Furthermore, 18% of all farm families do
not have health insurance.?® In patients with asthma, mortality
rates are directly correlated with the distance to the hospital,

such that geographic barriers may impose a real threat among
this population group.* Another obstacle that faces patients
with asthma in rural areas is the shortage of health care
professionals (including primary care physicians)'*? paired
with a declining number of rural hospitals.** When compared
with national averages, health care professionals of all spe-
cialties were found to be fewer in rural areas.'®

The overall picture of utilization of care among asth-
matic patients in rural areas is further complicated by the
fact that they tend to have an overall poorer health status,
with greater infant and maternal mortality rates, greater
injury rates, and greater frequency of chronic condi-
tions.'>#42 Additionally, rural areas tend to have more
elderly and young residents, and rural asthmatic patients
are subject to longer travel distances for health care ser-
vices, less public transportation, and fewer health care
facilities and personnel per capita.!>13

CONCLUSIONS

In summary, asthma prevalence in rural children and adoles-
cents is comparable to that found in urban counterparts and
may indeed be underestimated, contrary to what is com-
monly believed. Insufficient data are available to deter-
mine whether discrepancies in the prevalence of adults
with asthma exist among rural and urban communities in
the United States.

The literature reviewed in this article highlights the fact
that differences in utilization and access to asthma care be-
tween rural and urban areas probably exist and that there are
a number of factors particular to rural areas that contribute to
this discrepancy. Educational programs and training materials
that target the needs of all health care professionals through
both formal education and continuing education may be ben-
eficial in addressing some of the limitations discussed in this
article."*!¢!7 This may in turn help recruit and retain well-
trained health care professionals in rural areas, thus aiding the
diagnosis, treatment, and overall management of patients
with asthma in those areas.?

Another plausible option would be to use the health care
professionals who are available to compensate for the
shortages, for instance, increasing use of pharmacists when
physicians are not available. This may increase health care
access for patients.'® Providing community support for
patient education of asthma care may facilitate improved
care and compliance.!' Other ways to change the current
situation in rural areas include supplying rural clinics with
asthma specialists, offering telemedicine care by asthma
specialists, and improving public transportation systems.
Finally, as a result of the paucity of data that examine the
rural component of asthma, further research is needed to
fully elucidate and address the issues specific to asthma
care in those communities and the special needs that face
their residents.
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