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ABSTRACT

Background: School based asthma programs have demonstrated that preventive asthma
therapy administered in school reduces asthma morbidity. The burden of co-morbid allergic
disease on asthma outcomes in a large school based asthma cohort has been unexplored.
Objective: Evaluate the prevalence of allergic rhinitis (AR) in historically minoritized school
children with persistent asthma, and determine if AR is an independent risk factor for asthma
morbidity.

Methods: We evaluated the prevalence of AR in children enrolled in 3 NIH funded school
based asthma programs in Rochester, NY. We used linear regression and multivariate analyses
to compare asthma outcomes for children whose caregivers did and did not report AR.
Results: We used data from 1,029 children with asthma (mean age 7.4, 60.4% Black, 29.5%
Hispanic, 72.8% insured with Medicaid). 63% of children reported AR. Children with AR had
significantly fewer symptom free days over 2weeks compared to children without AR (7.2
vs. 8.3, p<0.001). Children with AR also had more daytime symptoms, (4.7 vs. 3.7, p<0.001),
more rescue medication use (4.5 vs. 3.4, p<0.01), and more activity limitation due to asthma
(3.6 vs. 2.5, p<0.001). Only 44% of children with AR reported allergy medication use.
Conclusions: Among a large school-based cohort of minoritized children with asthma, we
found that the majority of children have comorbid allergic rhinitis, which was associated
with increased asthma morbidity. Inadequate recognition and treatment for allergic rhinitis
likely represents substantial preventable morbidity for this group.

Abbreviations: FEV1: forced expiratory volume in one second; FeNO: fractional exhaled
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Introduction

Allergic rhinitis (AR) and asthma are the two of the
most common chronic disorders in childhood. AR is
an inflammatory chronic disease with significant bur-
den, yet is often underdiagnosed and undertreated
(1). AR is a risk factor for the development of asthma
and if not well controlled, can exacerbate asthma
symptoms (2). In fact, it has been postulated that AR
and asthma represent one disease in two parts of the
airway (3). Previous surveys have shown that approx-
imately 60-80% of children with asthma have symp-
toms of AR (1) and AR symptoms are worse in those
with difficult-to-control asthma. Specifically, perennial
AR with seasonal exacerbation was highlighted to be
the most severe phenotype, and it is most likely to
be associated with difficult-to-control asthma.

Low income, minoritized children have dispropor-
tionately high rates of morbidity and mortality from

asthma compared to white children (4). The causes
for this disparity are multifold, but indoor allergens
(dust mite, cat, cockroach, and mouse) are major
contributors to asthma morbidity in this population,
(5,6) and allergic sensitization is often underdiag-
nosed in Puerto Rican and Black children with
asthma and AR (7). In a cluster analysis of partici-
pants enrolled in nine inner city asthma centers, the
most severe asthma phenotype was highly atopic with
high total serum IgE, serum eosinophilia and allergic
sensitizations (8). Importantly, relevant allergen levels
vary across and within cities (9-12). For example, in
a study of low income, minoritized children with
asthma living in Baltimore city, despite high levels
of both mouse and cockroach allergen, mouse aller-
gen was more strongly and consistently associated
with poor asthma outcomes (6). In follow up studies
of this population, mouse sensitization and exposure
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remained associated with asthma severity (13).
Importantly, reduction in mouse allergen was asso-
ciated with greater increase in pre-bronchodilator
FEV1 and pre-bronchodilator and post bronchodilator
FEF, .. over 1year, suggesting improvement in lung
function growth (14). There are also disparities in
treatment of AR; only 1/3rd of a cohort of school
children with AR and asthma were using appropriate
treatments based on guidelines (15).

The objectives of this study were to: (1) determine
the prevalence of reported co-morbid AR in children
with persistent asthma participating in three
school-based asthma clinical trials in Rochester, NY,
(2) determine if there is increased asthma morbidity
among the cohort of children with reported AR and
asthma, and (3) assess whether the children with
reported AR are receiving appropriate treatment. We
hypothesized that similar to other cohorts, rhinitis
symptoms would be common, and AR would be an
independent risk factor for asthma morbidity. We also
hypothesized that AR would be undertreated in this
population. These factors may contribute to the per-
sistence of asthma symptoms and increased asthma
morbidity in this population.

Methods
Settings and participants

In Rochester, NY, 1 in 10 children have asthma, mak-
ing it the most common pediatric illness in this com-
munity. For more than 15years, the Preventive Care
Program for Children with Asthma has partnered with
the Rochester City School District (RCSD) and imple-
mented several studies to enhance access to care and
treatment for children with asthma in this community.
The majority of Rochester city students are Black and
Latinx (90%), and 85% live in poverty. In this study
we analyzed baseline data for children enrolled as
participants in one of three school-based asthma clin-
ical trials, including the School-Based Telemedicine
Enhanced Asthma Management Team (SB-TEAM)
trial, the School-Based Asthma Therapy (SBAT) trial,
and the School-Based Preventive Asthma Care
Technology (SB-PACT) trial. The details of the
SB-TEAM, SBAT, and SB-PACT study designs have
been previously published (16-18). All three studies
had consistent enrollment criteria. Through collabo-
ration with the Rochester City School District (RCSD),
eligible school children 3-10years old were identified
for initial eligibility screening through school medical
alert forms. Inclusion criteria were physician-diagnosed
asthma with persistent symptoms or poor control

according to National Heart, Lung and Blood Institute
(NHLBI) guidelines and primary care physician agree-
ment. Children were excluded if they had a significant
medical condition that could interfere with assessment
of asthma related measures (e.g. congenital heart dis-
ease, cystic fibrosis), if the family had no access to a
working telephone, and if there was an inability to
speak or understand English.

Secondary analyses were performed using baseline
data from the three studies, which enrolled 400, 530,
and 100 children, respectively. All trials were approved
by the University of Rochester Institutional Review
Board, and written informed consent was obtained
from primary caregivers.

Data collection

After inclusion screening and informed consent were
completed, a baseline survey assessment was per-
formed. Baseline assessments included questions about
asthma symptoms, health care utilization, family and
health history variables, environmental exposures, and
presence of reported nasal symptoms, AR or hay fever.
The prevalence of AR was assessed by the question,
‘does your child have hay fever or allergic rhinitis’
Caregivers were also asked, ‘has a doctor ever diag-
nosed your child with hay fever, nasal allergies, or
allergic rhinitis] Demographic variables known to
influence asthma outcomes were also collected. These
include child age, sex, race, ethnicity, insurance status,
atopic dermatitis, and environmental tobacco smoke
exposure. Caregiver’s also self-reported their age, mar-
ital status, and educational attainment.

Asthma symptoms

The primary outcome for all three trials was the mean
number of asthma symptom-free days over two weeks.
This outcome measure is used commonly for symptom
monitoring in asthma clinical trials.

We used structured interviews to collect informa-
tion about the number of days with no asthma symp-
toms (including no coughing, wheezing, or shortness
of breath) over the past two weeks. Caregivers were
also asked to identify the number of days the child
had any nighttime asthma symptoms, daytime symp-
toms, and rescue medication use to relieve symptoms
over the previous two weeks.

We also measured the fractional exhaled nitric
oxide (FeNO) at baseline. FeNO reflects the presence
of eosinophilic airway inflammation; FeNO levels
>20 ppb were considered elevated.



Health care utilization and school absenteeism

Caregivers reported general and asthma related health
care utilization over the past year including the num-
ber of doctor’s visits, emergency department visits,
hospital visits and urgent care visits. Caregivers also
reported missed school days due to asthma.

Statistical analysis

Using STATA, we conducted frequency analyses to
provide descriptive data and determine the prevalence
of AR in the sample. Unadjusted parametric tests
assessed differences between those with and without
allergic rhinitis. Multivariate linear and logistic regres-
sion analyses estimated the association between par-
ticipant demographics and asthma symptoms and AR
status. These models were adjusted for child charac-
teristics: race, ethnicity, sex, age, smoke exposure and
insurance status and caregiver characteristics: age,
educational attainment, and marital status. A p values
<0.05 was considered statistically significant.

Results

Descriptive statistics of the study participants and
caregiver characteristics are presented in Table 1.
Overall, the three combined clinical trials included
1,029 3-10vyear old children with persistent asthma.
The average age of children was 7 years, 40.4% were
female, 60.4% Black, 72.8% used Medicaid as their
primary insurance, and 52.1% lived in a home with
a smoker. Approximately one-third of the

Table 1. Sample descriptive statistics.
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participants were Hispanic and 60.0% had a caregiver
with a high school education or greater. The average
age of caregivers was 34 and the majority were not
married.

Allergic rhinitis was reported among the majority
of children (63%). Among participants with reported
AR, 41% experienced allergy symptoms around ani-
mals, 57% around dust, and 63% around pollen; only
46% reported that AR was diagnosed by a doctor.
In comparing children with and without reported
AR, children with AR were slightly older (7.6 vs.
7.1years) and had older caregivers (34.8 vs.
33.5years). Among children with AR, 55.6% also
reported a history of atopic dermatitis compared
with 39.2% of those without AR (p<0.001). We
found that 26 of the 1,029 children participated in
more than one of the trials; when we repeated anal-
yses with data from these children excluded, the
findings were unchanged.

Allergic rhinitis and asthma morbidity

Table 2 shows the primary outcome measures of chil-
dren with asthma and AR compared with those with-
out AR. We found that children with AR had
significantly fewer symptom free days over 2weeks
compared to children without AR (7.20 vs. 8.4,
p<0.001). Children with AR also had more daytime
symptoms in the prior two weeks, (4.7 vs. 3.7,
p<0.001), more rescue medication use (4.5 vs. 3.4,
p<0.01), and more days with activity limitation due
to asthma (3.6 vs. 2.5, p<0.001). Among children
with AR, 42.1% had elevated FeNO (> 20ppb). In

Independent variables Analytic sample N=1029  Allergic rhinitis N=646  No Allergic rhinitis N=383  p-value

Adolescent characteristics

Sex 0.11
Female 416 (40.4%) 249 (38.5%) 167 (43.6%)

Age (years), mean (SD) 74 (1.9) 7.6 (1.8) 7.1 (1.9) <0.001

Race 0.52
White 81 (7.9%) 52 (8.1%) 29 (7.6%)
Black 621 (60.4%) 397 (61.5%) 224 (58.5%)
Other 327 (31.8%) 197 (30.5%) 130 (33.9%)

Ethnicity 0.41
Hispanic 304 (29.5%) 185 (28.6%) 119 (31.1%)

Medicaid coverage 0.69
Is on Medicaid 749 (72.8%) 473 (73.2%) 276 (72.1%)

Atopic dermatitis (AD) <0.001
Yes AD 509 (49.5%) 359 (55.6%) 150 (39.2%)

Caregiver characteristics

Age (years), mean (SD) 34.3 (8.6) 34.8 (8.6) 33.5 (8.6) 0.03

Marital status 0.06
Married 226 (22.0%) 130 (20.1%) 96 (25.1%)

Educational attainment 0.07
High school graduate or less 412 (40.0%) 245 (37.9%) 167 (43.6%)
More than high school graduate 617 (60.0%) 401 (62.1%) 216 (56.4%)

Cigarette smoke exposure at home 0.85
Smoker at home 536 (52.1%) 335 (51.9%) 201 (52.5%)
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Table 2. Asthma outcomes by allergic rhinitis status.

Analytic Allergic No Allergic
Dependent variables sampleN=1030 rhinitisN=646 rhinitisN =383 p-value Beta, 95% Cl, p
Continuous variables
Number of symptom-free days in past 7.6 (4.9) 7.2 (4.9) 8.4 (4.9) <0.001 -1.27 (-1.90, —0.64), p<0.001
2 weeks, mean (SD)
Number of days with daytime asthma 4.3 (4.5) 4.7 (4.6) 3.7 (4.3) <0.001 1.06 (0.50, 1.63), p<0.001
symptoms in past 2weeks, mean (SD)
Number of days with nighttime asthma 3.7 (4.3) 3.9 (4.3) 3.4 (4.3) 0.07 0.68 (0.13, 1.23), p=0.02
symptoms in past 2weeks, mean (SD)
Number of days in past 2weeks on 4.1 (4.7) 45 (4.7) 3.4 (4.5) <0.001 1.07 (0.49, 1.65), p<0.001
which rescue medication was used,
mean (SD)
Number of days in past 2weeks on 3.2 (4.0) 3.6 (4.2) 2.5(3.6) <0.001 1.07 (0.58, 1.56), p<0.001
which activity was limited, mean (SD)
FeNO ppb, mean (SD) 22.9 (25.4) 26.0 (28.1) 17.6 (18.9) <0.001 6.06 (2.64, 9.49), p=0.001
Dichotomous variables
AOR, 95% CI, p
Missed school due to asthma* 0.04 1.63 (1.03,2.53), p=0.03
Did not miss any school due to 499 (80.7%) 296 (78.1%) 203 (84.9%)
asthma
Missed>1 school day due to asthma 119 (19.3%) 83 (21.9%) 36 (15.1%)
ED visit due to asthma 0.20 1.34 (1.03, 1.74), p=0.03
No ED visits due to asthma 710 (69.1%) 437 (67.7%) 273 (71.5%)
At least 1 ED visit due to asthma 318 (30.9%) 209 (32.4%) 109 (28.5%)
Hospitalization due to asthma 0.01 2.72 (1.22, 6.04), p=0.01
No hospitalization due to asthma 985 (95.8%) 610 (94.6%) 375 (97.9%)
At least 1 hospitalization due to 43 (4.2%) 35 (5.4%) 8 (2.1%)
asthma
Urgent care visit due to asthma 0.35 1.22 (0.93, 1.58), p=0.15
No urgent care visit due to asthma 428 (41.6%) 261 (40.5%) 167 (43.6%)
At least 1 urgent care visit due to 599 (58.2%) 383 (59.5%) 216 (56.4%)
asthma
Elevated FeNO <0.001 1.59 (1.14, 2.23), p=0.006

Normal FeNO (<20)
Elevated FeNO (=20)

458 (62.9%)
270 (37.0%)

265 (57.9%)
193 (42.1%)

193 (71.5%)
77 (28.5%

Multivariate linear and logistic regression models adjusted for child characteristics: race, ethnicity, sex, age, smoke exposure and insurance and caregiver

characteristics: age, educational attainment, and marital status.
"SB-TEAM excluded from sample.

linear regression analysis controlling for child race,
ethnicity, sex, age, insurance status and smoke expo-
sure, and caregiver age, educational attainment and
marital status, all of these findings remained statisti-
cally significant.

Table 2 also shows school absenteeism and health
care utilization for children with and without AR. In
multivariate analyses, children with AR had a 63%
increase in the relative odds of missing school due
to asthma compared to children without AR (OR 1.6,
95% CI 1.0-2.5). Children with AR also had 2.7
greater odds of being hospitalized due to asthma (OR
2.7, 95% CI 1.2-6.0) in the prior year. Children with
AR did not have significantly more emergency depart-
ment or doctor visits for asthma than children
without AR.

Medication use

Among the 1,029 children, 67% reported using a pre-
ventive asthma medications at baseline, and only 31%
reported allergy medication use. Even among the
group of children with AR, only 44% reported using

allergy medications. The most common allergy med-
ications were second generation anti-histamines (68%),
followed by corticosteroid nasal spray (28%), and first
generation anti-histamines (3.8%).

Discussion

As hypothesized, we found that the majority of chil-
dren participating in these school-based asthma trials
have comorbid AR, and the children with reported
AR had increased asthma morbidity compared to
children without AR. Among multiple asthma out-
come measures, including symptom free days, day-
time asthma symptoms, and missed school days due
to asthma, there was greater symptom severity among
children with AR compared to children without AR.
The objective measure of FeNO was also elevated in
children with AR compared to children without AR,
consistent with the higher FeNO levels seen in aller-
gic asthma compared to non-allergic asthma (19).
Importantly, the majority of caregivers reporting
their child had AR did not report any treat-
ment for AR.



The relationship between AR and asthma has been
evaluated in previous studies, and AR has been shown
to be a risk factor for the development of asthma in
both children in adults (20). Similar to our findings
that children with AR had more days with asthma
symptoms, in a prospective study, a history of AR in
children with recurrent wheezing was associated with
significantly increased odds of persistent asthma
symptoms (21). Severity of rhinitis symptoms has also
been correlated with asthma symptoms. In one study,
patients with persistent and severe rhinitis symptoms
had a significantly increased odds of having uncon-
trolled asthma compared to patients without AR (22).

Children with AR and asthma in this analysis also
had increased odds of missing school due to asthma
and greater odds of hospitalization due to asthma
compared to children without AR. This is consistent
with previous studies that have shown that children
with comorbid AR and asthma have greater asthma
severity and health care utilization compared to those
without AR (23).

Importantly, in our analysis the majority of children
with comorbid AR and asthma were not receiving any
treatment for AR (55%), which is even higher than
seen in previous studies and likely represents prevent-
able morbidity. In addition, most children who did
report treatment were not using the first line treat-
ment of intranasal corticosteroids. Under-treatment
may be related to under recognition of AR in children
with asthma among both caregivers and clinicians,
since many caregivers reported AR without a physi-
cian diagnosis. One possibility is that implicit bias
contributes to the under-recognition of the relevance
of the comorbidity of AR in patients with asthma,
which could also lead to bias in referral patterns to
specialists. In a similar school-based asthma study,
among 166 children with asthma, 72% had rhinitis
symptoms, yet AR was undiagnosed in 53%. In a
study of under diagnosis of AR in underserved chil-
dren, Jacobs et al. report that primary care physicians
correctly diagnosed AR in only 15.3% of children
with asthma and 3.5% of children without asthma.
We do not have data about whether the children in
this study received allergen immunotherapy, but based
on our finding that the majority of AR was not phy-
sician diagnosed and only 6% had seen an asthma
specialist, we expect that rates are very low.

There are several important clinical implications of
the high prevalence of comorbid, undertreated, and
potentially underdiagnosed comorbid AR in Rochester
city school children with asthma. While the trials of
supervised asthma therapy in schools consistently
demonstrate improvement in asthma outcomes for
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participating children, there is a subset of children
that do not improve. The comorbidity of allergic dis-
ease, especially if unrecognized and untreated, may
contribute to this gap. The school-based studies also
have not intervened to improve conditions in the
home or school environment, which may contain trig-
gers for allergy and asthma symptoms. Further, the
majority of children in these previous studies were
not in the care of asthma or allergy specialists, which
may account for under treatment of AR. Current stud-
ies in Rochester school-based cohorts have been
designed to ensure evaluation for potential allergic
disease and increase availability to specialty care via
telemedicine.

Strengths of this study include the very large,
community-based, diverse sample of children with
asthma and the availability of a rich dataset including
demographic and medical variables as well as health-
care utilization. Limitations include the use of care-
giver report of AR, which could lead to over or
underestimation of this diagnosis. There is also no
confirmatory sensitization data, including skin prick
test results or serum IgE for children reported to have
AR. While this could lead to misclassification, other
studies have found that caregiver report of rhinitis
symptoms are concordant with confirmatory sensiti-
zation data (15). In addition, multiple studies have
found that AR is underdiagnosed by physicians, espe-
cially in Black and Latinx children with asthma. This
may account for the difference seen in this study
between AR reported by caregivers and caregiver’s
report of physician diagnosed AR. This suggests that
there may be a knowledge gap regarding the effect
of AR on asthma, and is an opportunity for improve-
ment. In addition, under diagnosis of AR by primary
care physicians in this population may highlight dif-
ficulty in accessing specialty clinicians such as aller-
gists/immunologists. The possibility of bias in referral
to a specialist for AR should also be explored in this
and similar cohorts.

Conclusion

Among a large school-based cohort of children with
asthma, we found that the majority of children have
comorbid AR, which was associated with increased
asthma morbidity. This may contribute to the dispar-
ities in outcomes for asthma morbidity among minori-
tized children with asthma in the Rochester area.
Inadequate treatment for AR likely represents sub-
stantial preventable morbidity for this group. The
results of this study may be used to support improved
public policy in this region, emphasizing the need to
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improve health and reduce inequities in asthma out-
comes. Future studies will include understanding the
sensitization patterns as contributors to the burden
of disease and use of a multi-disciplinary, compre-
hensive, community-based approach to address not
only mechanism of disease, but also systemic improve-
ments on barriers to care.
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