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Abstract (249 words)

Background: Rhinitis and asthma are linked, but substantialadge gaps in this relationship exist.

Objective: To determine the prevalence of rhinitis and ienotypes in children and adolescents with astassgss
symptom severity and medication requirements fmitik control, and investigate associations betwednitis and

asthma.

M ethods: 749 children with asthma participating in the AsthRhenotypes in the Inner-City study received lnzesel
evaluations and were managed for 1 year with alyorbased treatments for rhinitis and asthma. iRfiwas diagnosed
by questionnaire focusing on individual symptomms] pre-defined phenotypes were determined by cantbsymptom

patterns with skin testing and serum specific IgE.

Results: Analyses were done on 619 children with asthma edropleted at least 4 of 6 visits. Rhinitis wassprd in
93.5%, and phenotypes identified at baseline wenéirened during the observation/management yearerhial allergic
rhinitis with seasonal exacerbations (PARSE) wastroommon (34.2%) and severe. Nonallergic rhints least

common (11.2%) and least severe. The majorityhidlien remained symptomatic despite the use adlnas



corticosteroids + oral antihistamines. Rhinitis wagse in difficult-to-control vs. easy-to-contadthma and its seasonal

patterns partially corresponded to those of diffiee-control asthma.

Conclusion: Rhinitis is almost ubiquitous in urban childrentwiétsthma, and its activity tracks that of lowewaly
disease. PARSE is the most severe phenotype arndikebgto be associated with difficult-to-contrasthma. This
study offers strong support to the concept thatitiiand asthma represent the manifestations efdsease in two parts

of the airways.

Clinical Implications: Clinicians should always query for rhinitis symptm children with asthma and should be aware

that these symptoms will frequently remain uncdtgtbwith conventional treatment.

Capsule Summary: Almost all children and adolescents with asthmeetmnitis of various, stable phenotypes based on
sensitization and seasonal pattern. Conventioedigations control rhinitis symptoms only in a mibo Difficult-to-

control asthma is associated with worse rhinitis.
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I ntroduction

Rhinitis and asthma are linked in various wagdut substantial gaps in our knowledge of thisti@aship exist. The
prevalence of rhinitis in asthma is high, but vasenificantly from study to stud{’. The severity of rhinitis in asthma
has not been well characterized, and the adeqdamnegentional treatment with antihistamines ansiahaorticosteroids
to control the disease is not clear. There isendé that the severity of rhinitis is associatetth Wiat of asthm&?® but

this relationship has not been examined in theestmf seasonal variation nor in the context ofedént rhinitis
phenotypes. This is important because seasonatiearin rhinitis is associated with various patteof allergic
sensitization, and clinical phenotyping of rhiniigs been based on those seasonality and sefi@itipatterns. All these

knowledge gaps are evident in children and adofsgaore so than in adults.

The Asthma Phenotypes in the Inner City (APIC) gtwds conducted by the National Institute of Alleeind Infectious
Diseases-funded Inner-City Asthma Consortium tessslifferences between easy-to-control and difftoucontrol
phenotypes of childhood asthnt&. The APIC study also collected data which allowkildren and adolescents to be
classified into pre-defined rhinitis phenotypeseTesign of APIC included prospective managemehbtf rhinitis and
asthma under standardized algorithms. This alldi@ethe generation of a prospective and longitulditzaset assessing
the prevalence and severity of rhinitis and itatiehship to asthma. The objectives of this stwdye to determine the
prevalence of rhinitis and its phenotypes in cleifdand adolescents with asthma, assess symptonitysene

medication requirements for rhinitis control, andéstigate associations between rhinitis and asthma

M ethods

Study Design

The details of the APIC study design have beenipusly published®® APIC was a prospective, longitudinal study of 6-
to 17-year-olds from 9 urban areas with >20% pgvand with physician-diagnosed asthma of any sgverisymptoms

of asthma with albuterol use in the previous 12 tinen The study was approved by each site’s Inigtital Review

Board and written informed consent was obtainechfeoparent or guardian. The primary objective teadetermine
characteristics that would discriminate difficudt¢ontrol from easy-to-control asthma. Difficub-tontrol asthma was
defined as requiring 500 pg/d of inhaled fluticasaith or without salmeterol in at least 4 outlud 6 post-baseline

study visits. Easy-to-control asthma was defiredeguiring 100 pg/d or less inhaled fluticasonenontelukast only or
6



no controller medication for asthma in at leastidaf the 6 post-baseline visits. Secondaryahjes included an
unbiased approach to identify asthma phenotypasd pathway analyses to identify factors contiitguto asthma

severity.*

The study involved a screening visit followed byaiment (V0) and visits every 2 months for 12 nfan(V1-V6). At
screening or enrollment, participants received aaemgnsive evaluations including skin prick testiagroallergen-
specific IgE (Table E1), and assessments of rkifoti diagnosis and management, as described belgtihima was
managed in accordance with a computerized algotittat) based on various asthma control outcomeéstrdmed the
need for treatment step up or down, in accordarittefxpert Panel Report-3 guideliné$*

Rhinitis Diagnosis and Phenotyping

To diagnose rhinitis, APIC used 2 standardized gledglestions. First, 5 questions addressed sp@eecisal/sinus
symptoms over the past 12 months (sneezing, stafg, runny nose, post-nasal drip, and sinus peesssinus
headache). Second, 2 questions asked whetheriiepaant was “ever told” by a doctor that he/slae hhay fever, or
allergic rhinitis or allergies in the nose” or “eBdisease” (Supplemental Figure 2). Combinatidrise number of
reported symptoms and the responses to the dodiagsosis questions were used to categorize esmticipant as
having “no current rhinitis/rhinosinusitis”, “poséé rhinitis/rhinosinusitis” and “probable rhinitikinosinusitis” (Table
E2). The term rhinitis/rhinosinusitis was useddategorization of questionnaire responses becawesguestion refers to
“sinus symptoms”. However, because differentiabetween rhinitis and rhinosinusitis is not feasibh the basis of a
guestionnaire alone, and rhinosinusitis is of le@evalence in children (9% in APIC), the term rhilis used in this

report with the understanding that some childrey have, indeed, been suffering from chronic rhinositis.

If a participant fulfilled criteria for possible\pibable rhinitis\rhinosinusitis, another set of dioes was delivered that
assessed symptom seasonality (Supplemental Fiyared3in combination with the outcomes of skinitegsand
aeroallergen-specific serum IgE, led to the clihptgenotyping of rhinitis into 5 groups: seasorbdrgic rhinitis (SAR),
perennial allergic rhiniti$®, perennial allergic rhinitis with seasonal exae¢idns (PARSE), indeterminate atopic rhinitis
(IAR) and nonallergic rhiniti$*. (Table E3). For determining seasonality, anthke into account the known major
aeroallergens of the 9 geographical areas whergttidy took place, the year was split into 6 “seas¢early spring, late

spring, summer, early fall, late fall, and winteBased on our clinical experience, we reasongdhismmakes a



retrospective recall easier. In addition to themowmn aeroallergens to which all participants wested, some sites

incorporated 1 or more area-specific aeroallerg€able E1).

For some patrticipants with evidence of sensitizatmat least one aeroallergen, the tight relaligmeequirements
between the seasonal pattern of symptoms and ttepaf allergic sensitization were not met; thesge labeled IAR.

All participants categorized as NAR were negatovalt skin tests and all aeroallergen-specific 1ggs.

Rhinitis Management

A rhinoconjunctivitis activity questionnaire, moidifl from the previously published Rhinitis Symptbhility Index *°
was used to determine the frequency (how many idaye past 2 weeks) and the subjective magnithder (
bothersome) of each of 4 nasal symptoms (stuffe nesiny nose, sneezing, itchy nose or throat)larwhjunctival
symptom (itchy, watery eyes) at every visit (Supmetal Figure 4). For assessing the overall desaasvity, a
rhinoconjunctivitis total symptom score was caltedb(up to 5 points for each symptom, total sympsmare range of 0-
25, Supplemental Table E4).

The responses to the rhinoconjunctivitis activiagstions were used in a treatment algorithm whidicated whether
rhinitis medications should be stepped up or dotvmah visit. We employed 3 rhinitis treatmenpstestep 0 (no
medications), Step 1 (oral antihistamine - cetiggiand Step 2 (nasal corticosteroid — fluticagmo@rionate- with or
without oral antihistamine - cetirizine). Thisptgse treatment was used on all rhinitis phenotypiés the exception of
NAR in which 2 steps (no medication or nasal codteroid) were implemented (Table E5). For IAR, site clinician
was responsible for selecting which treatment élgor (for allergic rhinitis or NAR) to use. MosAR patrticipants
(74%) were treated as allergic rhinitis. The isninanagement plan did not include montelukagtalemall number of
children either entered the study or were subsdbyglaced on this agent. We did not change treatrstep allocation if
montelukast was used together with other medicsti@®eventeen participants who only received mokast for one or

more visits were designated Step 1 for the respeetsit(s).

For the treatment algorithm, the symptom with thighbst frequency and that with the highest degfémtiher were
combined to determine appropriate action (Table E&)dy physicians were allowed, with written jfistition, to

override the algorithm and this occurred 8% oftthre. Rhinitis medications, like medications fottemsa, were provided



free to all participants. Adherence to treatmeas wecorded at every visit for those participalmés were prescribed

nasal fluticasone by asking them how many daykémtevious 2 weeks they had used this medication.

Statistical Analysis

Demographics and clinical characteristics were ameg within or between rhinitis phenotypes usingdkal-Wallis
tests for continuous variables ayfdests for categorical variables. Clinical chagdstics measured repeatedly over time
were compared between rhinitis phenotypes usingrgéired linear mixed models that included a randuercept to

account for between-subject variability.

Generalized additive mixed models were used toneséi the seasonal patterns of rhinoconjunctiwtispgom score,
asthma symptoms and exacerbations and pulmonagtidarwithin the rhinitis or asthma phenotypesniérest. A
likelihood ratio test was used to determine thatexice of a seasonal pattern within a rhinitis phgre and to compare
the seasonal patterns between phenotypes or outaafirderest within a phenotype. Outcomes withjphenotype were
standardized prior to estimating seasonal patteregasure that values were on the same scale. jNstiagnts were made
to account for multiple comparisons between graarpgsetween multiple variables due to the explosat@ture of those

analyses. Consequently, all p-values are desceiptiVe used SAS version 9.4 and R version 3.4.0.

Results

Rhinitis Prevalence, Phenotypes and Seasonal Symipé&iterns

The APIC study enrolled 749 children with asthn@.those, 619 completed at least 4 of the 6 follgywisits and were
included in the primary analysis for asthiifaAll had evaluable rhinitis data. Study participsamere categorized as
follows: “probable rhinitis” (78%), “possible rhitg” (12%) and “no rhinitis” (10%) (Table E2). Agsex and
ethnicity/racial background did not vary among th8groups. However, compared to the “probabldtiircategory,
“possible rhinitis” had significantly lower rhinonjunctivitis symptom scores (p=0.006) and requless medication
(p<0.001) during the prospective observation/mameege year. Nineteen participants who were oridyrnedtegorized as
“no rhinitis” reported symptoms of rhinitis in sidggient visits and were re-categorized into rhipitisnotypes. This is

reflected in Figure 1, which shows the distributadrhinitis phenotypes, and includes the finalgrof children with



“no rhinitis”. The most common phenotype was PARS4.2%) and the least common NAR (11.3%). Nced#hces
among the five rhinitis phenotypes were seen vagards to age, sex, or ethnicity/racial backgraqpad.05). Compared
to PAR, SAR, IAR, and NAR combined, PARSE had tlghést number of aeroallergen sensitizations (B30.,0as well
as the highest total serum IgE (p<0.001). Foi ftapheral blood eosinophils and FeNO, NAR haphigicantly lower
values compared to all allergic phenotypes comb{p&d.001). Significant differences between thergic phenotypes
were also detected (Table I). The rhinitis phepesywere different with regards to the distributidfipossible rhinitis”
versus “probable rhinitis”; SAR, IAR and NAR hadjher percentages of children with “possible rhdiitompared to
PAR and PARSE, which, inversely, had higher peamged of children with “probable rhinitis” (p<0.0001

Figure 2 presents the rhinoconjunctivitis total pyom score for each rhinitis phenotype over thertddr months of the
observation/management year during which parti¢goesere offered free medications for optimal rhgnit
pharmacotherapy. Several observations were mack, thie seasonal patterns of symptoms obtainexppotively over
the 12-month period of the study matched the pattietentified using the baseline rhinitis phenatgpguestionnaire.
Comparing these curves to a linear model (whicHigamo seasonal pattern), PARSE and SAR demoegtsignificant
seasonal oscillations (p<0.001) with peaks in fiveng and early fall and troughs in summer and &intin PAR,
seasonal oscillations were also identified, bugrofller magnitude and without statistical significa (p=0.36).
Interestingly, children with IAR also showed seadgreaks matching the peaks of PARSE and SAR (£40.0n NAR,
seasonality was not confirmed statistically butead differing from the other phenotypes was obesrvA non-
significant seasonal pattern was also observéugfirto rhinitis” group, but the magnitude of symptowas less than in
the rhinitis phenotypes. When we compared thdrbtihiphenotypes as well as the “no rhinitis” goaiBupplemental
Figure 1), we found a significant difference amaiig (or 5, if we remove the “no rhinitis” group)ARSE had the
overall highest symptom levels and “no rhinitisé lowest. In no group did rhinoconjunctivitis symmpis disappear at

any time of the year, and, in all groups, summestirad the lowest symptoms.

Participants were assigned to IAR if their sympioatttern did not match that of aeroallergen serditin. To better
describe this group, we also examined whetherwmyd have fit into phenotypes based only on basealéported
symptoms. Using this approach, 56.8% would have bategorized as seasonal, 37.8% as perenniabedtbonal
exacerbations and only 5.4% as perennial. Thismedttheir prospective experience during the olasienv period
(Figure 2).
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In an attempt to examine whether the pattern cf@®al oscillation seen in various magnitudes actiggoups is purely
due to seasonal allergen sensitization, we sepamtamined a subgroup of children that were orlysitized to
perennial allergens and not to any seasonal atlergemolds, regardless of what seasonal pattesnitad reported at
baseline (N=80). The tracing of these childrewsrage symptom score during the observation pevaslidentical to
that of PAR (data not shown).

Rhinitis Medication Requirements and Symptom Cdntro

We examined medication requirements for each ikiplienotype at every study visit (Figure 3; lefhel). Within each
rhinitis phenotype, the percentage of children i no treatment, an antihistamine alone or ahearticosteroid + an
antihistamine remained relatively stable over thesvisits. On average, 71.5% of children withFPand 84.2% with
PARSE required a nasal corticosteroid + antihistenivhile 12.7% and 5.3%, respectively, needed edications. In
SAR and IAR, the average percentage of childrenirieg a nasal corticosteroid (+ antihistamine) B&8% and 58.4%,
respectively, while 18.1% and 26.5% required noioaibn. In NAR, 46.3% children required nasal mmrsteroids and
50.3% no treatment. More children required naselaosteroids in PARSE compared to all other plygres (p<0.001),
while the proportion requiring no treatment washieist in NAR (p<0.001). Also, the proportion reéugrno treatment
was higher in IAR, compared to SAR, PAR and PARBE(002). Among children with PARSE, PAR and SAR,111
29% (depending on the phenotype) required onhheatéimine.

The right panel of Figure 3 plots the percentagehifiren that remained symptomatic in each rterptienotype and at
every study visit, defined as meeting step-up tneat algorithm criteria despite having already beescribed the
highest treatment level, a nasal corticosteroidat antihistamine. This number remained relativgstant over the 7
study visits and was, on average, 67% in PARSE, B2PAR, 61% in SAR, 71% in IAR and 87% in NAR.

Self-reported adherence for nasal fluticasone geef&1.6% with children with PARSE having the higfhedherence
(67.8%), while those with NAR the lowest (48.2%0@301).

Relationship between Rhinitis and Asthma
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The easy-to-control vs difficult-to-control asthigr@ups™ were compared in terms of the rhinoconjunctivgiisiptom
score and the percentage of children requiringlastcosteroids (+ antihistamine) over the entire
observation/management year (Figure 4). The maanabnjunctivitis symptom score was higher in thddren with
difficult-to-control compared to easy-to-controttasa (p<0.001). Also, the percentage of childreéngisasal
corticosteroids (+ antihistamine) was higher ifidifit-to-control asthma, (range: 80% to 86%) conepto the easy-to-
control group (range: 57% to 63%, p<0.001). Finalhildren with difficult-to-control asthma reped higher adherence
to nasal corticosteroids compared to easy-to-cbdisease (66.3% vs 57.9%, p=0.027).

The distribution of the 5 rhinitis phenotypes diffé significantly between easy-to-control and difft-to-control asthma
(p=0.003) with PARSE being more prevalent in tHéalilt-to-control (44.2%) than in the easy-to-caitgroup (26.5%)
(Table Il). Inversely, compared to the other phgpes, PARSE had more children with difficult-tortml asthma
(65.6% Vs <50%).

We examined whether seasonal fluctuations of ikiaitd asthma parallel each other by plotting (fidy) mean
standardized rhinoconjunctivitis total symptom ssoover the course of the year superimposed on steadardized
scores of each of the 4 outcomes used in the ARy $0 monitor asthma (daytime and nighttime syoms,
exacerbations and FEWb predicted). This depiction was confined to thembined PARSE and SAR group in difficult-
to-control asthma because these rhinitis and asgiimeaotypes were the only ones with clear seasbimadconjunctivitis
symptom fluctuations. Asthma exacerbations shadwegl a spring and fall seasonal pattern; daytinteraghttime
asthma symptoms showed only a fall worsening patiad FEV % predicted did not show any significant seasonal
oscillations. For rhinoconjunctivitis, the spripgak corresponded to that of the peak in asthmeeesations. In the fall,
the peak in rhinoconjunctivitis consistently preegdhe peak in asthma symptoms and asthma exdoebhy 1-2

months.

Discussion

This report presents our findings on rhinitis ilmae sample of children and adolescents with astho participated in
a 12-month prospective evaluation and managemadsthfrhinitis and asthma. The conclusions carubensarized as

follows: a) rhinitis is almost ubiquitous in chih and adolescents with asthma; b) in the vasinhapf children and
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adolescents with asthma, we can reliably phenatyipétis on the basis of symptom seasonality angpiarally relevant
aeroallergen sensitization; ¢) conventional risnitiedications (oral antihistamines and nasal amt#roids) can
completely control symptoms only in the minorityatfildren and adolescents with rhinitis and asthi@ARSE is the
most difficult to control rhinitis phenotype; e)imitis symptoms are more severe and more difficuttontrol in children
and adolescents with difficult-to-control asthmagl&) seasonal oscillations of rhinitis symptomstipHy reflect those of
asthma outcomes.

In this urban population of children and adolessavith asthma, almost 95% had nasal symptoms éeb@tfact that
none of the inclusion criteria targeted a poputatidth rhinitis. Using almost identical diagnostjaestionnaires, high
prevalence of rhinitis has been previously repoiteaults and adolescents asthhmut, in general, the numbers
reported in the literature range from 50-85%, wheth children or adults; 11%much lower rates have also been
reportec?® The reason behind these wide differences isleat,cout may be related to the fact that rhingtidiagnosed
on the basis of questionnaires and that the questices used in different studies vary. Many stsdénd to define
rhinitis on the basis of a single question. Ourapch was to query each rhinitis symptom separéBlpplemental
Figure 2) because this allows the responder tosfocueach component of the condition and not aapgof symptoms,
which infers necessity for co-existence; we readdhat this approach improves sensitivity. Consexipout accuracy are
alleviated by the fact that the vast majority af grarticipants who had rhinitis (87%) were categgatias “probable
rhinitis” (higher certainty), which turned out te Imore symptomatic and required more medication thassible

rhinitis”. Furthermore, about 3/4 of all childresith rhinitis, with the exception of NAR, requirégkatment (Figure 3).

Clinical phenotyping of rhinitis has traditionaltpmbined aeroallergen sensitization with seasgmaptom patterns. In
the ARIA guidelines, the terms “intermittent” angetsistent” rhinitis were introduced, but the sealsased definitions
were retained in the majority of clinical trialstahave been re-introduced in the 2016 ARIA revisfoBuring the 12-
month observation period, we confirmed the stabdftthe phenotype that was established at basklirshowing a clear
symptom seasonality in SAR and PARSE, and minirgalllation in PAR. 1AR also showed a pattern cismznal
symptoms, which confirmed what 95% of these chiidrad reported at baseline. It appears that 1ARfigm of SAR or
PARSE where either the diagnostic methods weradetquate to detect aeroallergen sensitizationegpahel tested
missed some locally important aeroallergens. AR, may represent a form of local allergic rhigsjtivhere IgE for
some offending aeroallergens is only producedeéméisal mucosa. Even in the children with “no rhinitis”, low-leve
symptoms with a seasonal pattern were observeeit #tie seasonal variability was not statisticallynificant (Figure 2
and Supplemental Figure 1). A sub-group of thdslelen may have had mild rhinitis, because chitdréth one

symptom only and no physician diagnosis were categm as “no rhinitis” by the diagnostic questioinagTable E2);
13



also, some had allergen sensitizations (TableThe overall pattern of seasonal oscillations thed seen in all
phenotypes of rhinitis, albeit at varying magnituideof interest. To some extent, this could be tdudbe fact that, with
the exception of NAR, all other phenotypes includkildren with varying frequencies of sensitizattorseasonal
allergens. However, the fact that the pattern rapththe same when only children with sensitizattorgerennial
allergens were considered, raises the possililayda component of rhinitis seasonality may reftespiratory viral
infections, since rhinovirus infections have asgrand fall predominance in temperate climatedimitation of the
APIC study is that it did not include sampling @fsal secretions for viral surveying.

A great majority of study participants requirecatraent for their rhinitis. This was most prominanthe allergic
phenotypes and in IAR. In contrast, about 50%hitlcen with NAR were asymptomatic at each studjtviequiring no
treatment (Figure 3, left panel) indicative of NABIng an overall milder disease in this populatiémong participants
prescribed the highest level of medication, a nesaicosteroid + antihistamine, the majority rened symptomatic.
Our algorithm did not include the use of a nassihastamine, which, combined with a corticosteraithy offer a
stronger therapeutic effect, at least in adolescamd adultd? nor were any of these children allowed to progtess
allergen immunotherapy, which may have offered tamitil relief. Also, our data may reflect lowerthoptimal
adherence to rhinitis treatment. Reported adhertmoasal corticosteroids was 66.1%, not veredfiit from the
objectively measured adherence to asthma conttaietment (Discus® counter), which was approxityat@%-.
Given the optimal conditions for adherence thatstudy offered (free medications, education atviit), the effects
of rhinitis treatment would have been even moreasbih a real-life situationAnother limitation is that this study was
not designed to compare the rhinitis of childrethveisthma to that of children without asthma arad the population of
this study was a convenience sample, probablytédlan terms of severe asthma. Neverthelessjridmgs are
compatible with a previous report in a seasonaliticipopulatiorf® and are consistent with the fact that, even in
randomized trials, the effect size on rhinitis syomps of nasal corticosteroids versus placebo aesrafj% in PAR and
22% in SAR* Note that in NAR, more than 80% of the childvemo received a nasal corticosteroid (Figure 3,trigh
panel) remained symptomatic. This suggests tlimfdhm of treatment is not effective for NAR inikclien. Although
no randomized, placebo-controlled trials of hasalicosteroids have been conducted in children WR, this finding
reflects the controversy as to the usefulnessisfitihm of treatment in trials that included bottulis and older

children?2¢

Rhinitis symptom scores and the proportion reqgithe highest level of medication were greaterARBE and this was

the most common phenotype in difficult-to-contrsttama. In clinical practice or in clinical triaBARSE is not recorded
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and is lumped with either PAR or SAR, but basedhase findings, we believe it needs to be treasesl separate
phenotype.

The association between rhinitis and asthma has éstablished ? and in the previous publications which presented t
asthma analyses of the APIC study the role oftikias a factor linked to asthma severity was bfesirown.'®*? The
work we have conducted herein deepens our knowleggelding the element of time to this associatidre showed
that, during the course of the observation/managegear, and regardless whether we examine symgtones or the
proportion of participants requiring the highesteleof nasal medications, the activity of rhinitisdifficult-to-control
versus easy-to-control asthma was consistentlyehighthe former (Figure 4). We further tried tariease the
granularity of this finding by examining how eadhfaur elements of asthma activity reflecting botipairment and risk
relate to rhinitis over time. We found a partiiniporal relationship where the spring peaks of sasti@ma outcomes
coincided with those of rhinitis, whereas in thi, fa1 to 2-month lag between rhinitis and asttpeaks was present. It
is difficult to assign significance to the lattérding, but the data raise the hypothesis thaherfall, increased rhinitis
activity predisposes to increased asthma symptohe€xacerbations. We certainly do not know why ifisot seen in
the spring, but the mechanisms of spring verslis$tihma exacerbations may be different, as recentjgested’

In conclusion, we have conducted a comprehensisy &if rhinitis in urban children and adolescentthwsthma and
have determined various clinical characteristiceadal airway disease phenotypes and their retdtips to asthma.
Rhinitis is almost ubiquitous in asthma and itsiclal activity tracks that of lower airway diseaskhis study offers
strong support to the concept that rhinitis antirastrepresent the manifestations of one diseaseiparts of the

respiratory system.
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Table I. Demographics by Rhinitis Phenotype

(N=619)
SAR PAR PARSE IAR NAR No Rhinitis
Characteristic Overall n=134 n=81 n=212 n=82 n=70 n=40 P-value
Age 12 and under 102 (76.1%) 56 (69.1%) 142 (67.0%) 57 (69.5%) 54 (77.1%) 34 (85.0%) 0.13
Over 12 32 (23.9%) 25 (30.9%) 70 (33.0%) 25 (30.5%) 16 (22.9%) 6 (15.0%)
Gender Female 45 (33.6%) 37 (45.7%) 87 (41.0%) 43 (52.4%) 33 (47.1%) 13 (32.5%) 0.07
Male 89 (66.4%) 44 (54.3%) 125 (59.0%) 39 (47.6%) 37 (52.9%) 27 (67.5%)
Race* Black (non-Hispanic) 81 (60.4%) 49 (60.5%) 147 (69.3%) 50 (61.0%) 45 (64.3%) 22 (55.0%) 0.21
Hispanic 46 (34.3%) 22 (27.2%) 52 (24.5%) 23 (28.0%) 20 (28.6%) 14 (35.0%)
Other/Mixed 2 (1.5%) 9 (11.1%) 10 (4.7%) 7 (8.5%) 4 (5.7%) 2 (5.0%)
White (non-Hispanic) 4 (3.0%) 0 (0%) 3 (1.4%) 2 (2.4%) 1 (1.4%) 1(2.5%)
No. of allergen 10 (7,15) 5(2,10) 13 (9,17) 4 (2,8) 0 (0,0) 4(1,9) <0.001
sensitizations (panel of 22)
at baseline 0Tfp
Total serum IgE at baseline 406 (166,1094) 235 (92,622) 528 (190,1226) 135 (36,402) 32 (13,71) 136 (43,549) <0.001
ULy T
Blood eosinophils count at 326 (200,590) 295 (200,500) 300 (200,500) 200 (100,400) 100 (90,200) 200 (100,400) <0.001

baseline (cells/fmm3) f
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SAR PAR PARSE IAR NAR No Rhinitis
Characteristic Overall n=134 n=81 n=212 n=82 n=70 n=40

P-value

FeNO at baseline (ppb) ' 20 (13,40) 20 (14,36) 23 (13,53) 17 (10,29) 11 (8,16) 18 (11,48)

<0.001

*Three participants with missing race in SAR, PAR, and No Rhinitis group
TMedian (with interquartile range); p-values are determined by Kruskal Wallis Rank Test

qtSensitization is defined as having a positive skin prick test response, positive specific IgE level, and/or both

Table II. Distribution of rhinitis phenotypes in Difficult-to-Control and Easy-to-Control Asthmatics (N=453)

SAR PAR PARSE IAR NAR Total Overall
Characteristics n=109 n=63 n=163 n=63 n=55 n=453 P-value
Difficult-to-Control Asthma 53(21.9%) 28 (11.6%) 107 (44.2%) 30 (12.4%) 24 (9.9%) 242 0.003
Easy-to-Control Asthma 56 (26.5%) 35 (16.6%) 56 (26.5%) 33 (15.6%) 31 (14.7%) 211

Participants who could not be classified as either Difficult-to-Control or Easy-to-Control Asthmatics are excluded
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Figure Legends

FIGURE 1. Numbers and percentages of participants in each rhinitis phenotype. Rhinitis phenotypes are
denoted as Seasonal Allergic Rhinitis (SAR; red), Perennial Allergic Rhinitis (PAR; blue), Perennial
Allergic Rhinitis with Seasonal Exacerbations (PARSE; green), Indeterminate Atopic Rhinitis (IAR,
purple), Non-Allergic Rhinitis (NAR; orange). The percentage with No Rhinitis is included (gray).

FIGURE 2. Seasonal variation in rhinoconjunctivitis total symptom scores, stratified by rhinitis phenotype.
Each line (shaded region) represents the mean (95% CI) of rhinoconjunctivitis total symptom scores over
12 months for participants with Seasonal Allergic Rhinitis (SAR; red line), Perennial Allergic Rhinitis (PAR;
blue line), Perennial Allergic Rhinitis with Seasonal Exacerbation (PARSE; green line), Indeterminate
Atopic Rhinitis (IAR; purple line), Non-Allergic Rhinitis (NAR; orange line). No Rhinitis (black) is also

included. P-values correspond to statistical test of seasonal trend in each rhinitis phenotype.

FIGURE 3. Left Panel: percentage of participants at each treatment level and at each visit stratified by
rhinitis phenotype. Treatment levels: no treatment (yellow), antihistamine alone (orange), and nasal
steroid £ antihistamine (purple).

Right Panel: percentage of participants receiving the highest treatment level (nasal steroid +
antihistamine) at each visit who remained symptomatic (whose therapy would have been stepped-up if
another level was available) or who did not (not symptomatic), stratified by rhinitis phenotype.

Symptomatic is denoted by lined purples and not symptomatic by light purple.

FIGURE 4. Seasonal variation in rhinoconjunctivitis total symptom scores (left panel) and in the
percentage of participants that were prescribed the highest treatment level (nasal steroid + antihistamine)
(right panel), stratified by asthma severity. Each line (shaded region) represents the mean (95% CI) of
rhinoconjunctivitis total symptom scores or percentage of participants (95% CI) that were prescribed nasal
steroid * antihistamine over 12 months for participants with Difficult-to-Control Asthma (blue line) and with
Easy-to-Control Asthma (green line). P-values correspond to a statistical test of the difference in the

seasonal trend between Difficult-to-Control Asthma and Easy-to-Control Asthma.

FIGURE 5. Seasonal variation of asthma clinical severity measures superimposed on the
rhinoconjunctivitis total symptom scores in the combined group of participants with Seasonal Allergic
Rhinitis (SAR) and Perennial Allergic Rhinitis with Season Exacerbations (PARSE), who had Difficult-to-
Control Asthma. Each line (shaded region) represents the mean (95% CI) of the respective outcome.
Note that the same rhinoconjunctivitis total symptom score data (purple) are depicted in each panel for

comparison with the respective asthma measure. Asthma measures: Asthma Day Symptom Score
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measuring day symptoms and albuterol use in the last two weeks prior to a study visit (blue), Asthma
Night Symptom Score measuring night symptoms and albuterol use in the last two weeks prior to a study
visit (green), Asthma Exacerbation measuring exacerbation rates in the 2 months prior to a study visit

(red) and FEV1 % predicted at each study visit (orange).
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Table E1

Evaluations for Aeroallergen Sensitization

Skin Prick Tests

Serum Specific IgE

Mouse German Cockroach
Rat American Cockroach
Dog D farinae

Cat D pteronyssinus

Mite (D. pteronyssinus D. farinae) Cat dander

German Cockroach Dog dander

American Cockroach

Mouse urine proteins

Alternaria tenuis

Rat urine proteins

Aspergillus fumigatus

Alternaria alternate

Ragweed Mix

Aspergillus fumigatus

Eastern 8 tree mix (American Elm,
American Beech, Eastern
Cottonwood, Red Oak, Red/River
Birch, Shagbark Hickory, White
Ash, Maple Sugar/Hard)

Oak

K-O-T grass mix (Kentucky,
Blue/June, Orchard, Timothy)

Birch

Bermuda Grass (only performed a
the Dallas, Denver, and Washingt
DC sites)

Maple — Box Elder (Acer negundo)
n

Juniper (only performed at the
Cincinnati, Dallas, and Denver site

Cladosporium herbarum

SRagweed

Timothy grass




Table E2

Rhinitis Diagnosis Algorithm

. , Number of Symptoms Doctor’s

Diagnosis Reported Diagnosis

0 Yes
No Rhinitis

1 No

1 Yes
Possible Rhinitis

2 No

>2 Yes
Probable Rhinitis

>3 No

Participants were asked about 5 symptoms (see Alppéjt sneezing, stuffy nose, runny nose,
post-nasal drip, sinus pressure or sinus headaches



Table E3

Rhinitis Phenotype Definitions

Perennial Allergic Rhinitis **
All 3 of the following need to be present for thigliagnosis

1. Possible or Probable Rhinitis/Rhinosinusitis baseduestionnaire

2. (Report nose and/or sinus symptoms all year aro@fd) (Deny nose and/or sinus
symptoms all year around AND report symptoms irubaj the 6 seasons [early spring,
late spring, summer, early fall, late fall, winjer]

3. Positive skin test or specific IgE to any of thédaing: D. pteronyssinus/D. farinae,
German Cockroach, American cockroach, rat, mowsé, dog*
OR, if negative to above list, positive to aeroalkrg covering early and late spring,
summer, and early and late fall

*if only cat or dog skin tests or specific IgEs @@sitive, must have cat and/or dog at home

Seasonal Allergic Rhinitis (SAR)
All 4 of the following need to be present for thigliagnosis

1. Possible or Probable Rhinitis/Rhinosinusitis baseduestionnaire

2. Deny nose and/or sinus symptoms all year around

3. Report at least 1 and less than 5 seasons (eanhgsfate spring, summer, early fall, late
fall, winter) when nose and/or sinus symptoms aesent

4. Positive by skin test or specific IgE to at leasiehsonal pollen aeroallergen relevant to
at least one of the symptomatic seasons.

Perennial Allergic Rhinitis with Seasonal Exacerbabns (PARSE)
All 4 of the following need to be present for thigliagnosis

1. Possible or Probable Rhinitis/Rhinosinusitis baseduestionnaire

2. (Report nose and/or sinus symptoms all year aro@fd) (Deny nose and/or sinus
symptoms all year around AND report symptoms irubas the 6 seasons [early spring,
late spring, summer, early fall, late fall, winjer]

3. Positive skin test or specific IgE to any of thédaing: D. pteronyssinug/D. farinae,
German Cockroach, American cockroach, rat, mous#, dog*

4. Positive by skin test or specific IgE to at leaseasonal pollen aeroallergen relevant to
at least one of the “worse” seasons.

*if only cat or dog skin tests or specific IgE gresitive, must have cat/dog at home

Nonallergic Rhinitis
Both of the following need to be present for this idgnosis

1. Possible or Probable Rhinitis/Rhinosinusitis basmeduestionnaire
2. All skin tests and specific IgEs are negative



Indeterminate Atopic Rhinitis
Both of the following need to be present for thisidgnosis

1. Possible or Probable Rhinitis/Rhinosinusitis basmeduestionnaire
2. Positive skin test(s) or specific IgE(s), but nasahptoms not seasonally relevant to any
of the positive aeroallergens



Table E4

Rhinitis Symptom Scoring System

Days in past 2 weeks
having a symptom Score
(Frequency)

0 Days
1-3 Days
4-7 Days
>7 Days

WIN[FRO

Degree of Bother of
that symptom
(Severity)

Not Bothered 0
Somewhat Bothered 1
Bothered a Lot 2

The symptoms queried are: “stuffy or blocked noseihny nose”, “sneezing” and “itchy, watery eyes”
(see Appendix 3 for the questionnaire)



Table E5

Standardized Rhinitis Treatment Steps

. L Non-Allergic
Step Allergic Rhinitis Rhinitis
0 No medication No medication

cetirizine 10 mrg FRN or

1 montelukast 5 mg PO QD for 6 to 14 years of N/A
age; 10 mg PO QD forl5 years of age
(treatment option only if this is a pre-study
medication)

fluticasone proprionéte nesal sprey 200 ncg
QD (2 sprays per nostriplus
fluticasone

cetirizine 10 mg PRNr proprionate nasal

montelukast 5 mg PO QD for 6 to 14 years of SPray 200 meg QD (2
age; 10 mg PO QD ferl5 years of age sprays per nostril)
(treatment option only if this is a pre-study
medication)




Table E6

Rhinitis Treatment Algorithm

Days in past 2 weeks “Not Bothered* “Somewh%t “Bothered a
having any symptoms (Severity) Bothered Lot’ (Severity)
(Frequency) (Severity)
0 Davs Decreacse to the
y next lower step
13D No ch No ch Increase to the
"o Days 0 change 0 Change|  next higher step
Increase to the| Increase to the
4-7 Days No change next higher steg next higher step
7 Davs Increase to the| Increase to the| Increase to the
y next higher steg next higher steg next higher step




Supplemental Figure Legends

SUPPLEMENTAL FIGURE 1. Seasonal variation in rhinoconjunctivitis total symptom
scores by rhinitis phenotypes. The rhinitis phenotypes are denoted as Seasonal Allergic
Rhinitis (SAR; red), Perennial Allergic Rhinitis (PAR; blue), Perennial Allergic Rhinitis
with Seasonal Exacerbations (PARSE; green), Indeterminate Atopic Rhinitis (IAR,
purple), Non-Allergic Rhinitis (NAR; orange), and No Rhinitis (black). P-values
correspond to a comparison of seasonal trend across all phenotypes, with and without
the No Rhinitis group
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Asthma Phenotypes in the Inner City Place D label here

RHINITIS/RHINOSINUSITIS DIAGNOSTIC QUESTIONNAIRE

Participant's Initials Interviewer's Initials Visit Date Visit
/ _.l'

[Formvalues are used in MEDS Program.]

| [Interviewer] “Mow | have some questions for you about [your/PARTICIPANT'S] nose and sinuses.”

Has a doctor ever told [yowPARTICIPANT] that [you hawve/PARTICIPANT has] hay fever or allergic rhinitis or allergies

in the nosa?
WEBE et 1
MOt 0
2 Has a doctor ever told [yow/PARTICIPANT] that [you have/PARTICIPANT has] chronic sinusitis, recurrent sinusitis or

[do you'does PARTICIPANT] get more than 2 episodes of acute sinusitis in one year for which adoctor prescribes
treatment with antibiotics?

Y B s 1
Nt 0
3. Ower the past 12 months, [do yowdoes PARTICIPANT] sneeze when [you do not/PARTICIPANT does not] have a cold
orthe flu?
WEBE et 1
Nttt 0
4. Ower the past 12 months, [do yowdoes PARTICIPANT] get a stuffy nose when [you do not/PARTICIPANT does not]
have a cold or the flu?
WBE et 1
Nt v
& Ower the past 12 months, [do yowdoes PARTICIPANT] get a runny nose when [you donot/PARTICIPANT does nof]
have a cold or the flu?
WEBE et 1
Dttt 0
6. Ower the past 12 months, [do yowdoes PARTICIPANT] have post-nasal drip (secretions dripping in the back of your
throat) when [you do not/PARTICIPANT does not] have acold or the flu?
WBE ettt 1
Nt 0

Cver the past 12 menths, [do yowidoes PARTICIPANT] get sinus pressure OR sinus headaches when [you do
notPARTICIPANT does not] have a cold or the flu?




Asthma Phenotypes in the Inner City

Place ID label here

RHINITIS/RHINOSINUSITIS DIAGNOSTIC QUESTIONNAIRE

Participant's Initials

Interviewer's Initials Visit Date

Visit

8.

[Do you/Does PARTICIPANT] have nose and/or sinus symptoms all year round?

YOS oo e 1
NO e 0
8a. Isfare any season(s) worse?

8a1. Early Spring

8a2.
8a3.
8ad.
8a5.
8ab.

Late Spring
Summer-....
Earty Fall...
Late Fall
WINTEE .o e e

[AFTER COMPLETION OF 8a, SKIP TO 11]

9. During which season or seasons [do you/does PARTICIPANT] get nose and/or sinus symptoms?

Ga. Early Spring.
9b. Late Spring..

9c. Summer. ..
9d. Early Fall
%e. Late Fall ..
9f. Winter.......

—<
D
%]

'_\'_\'_L_‘_‘_\l
oooooolz
o

10. Of the seasons selected ahove is/are any season(s) worse?

=<
<D
1]

10a. Early Spring..
10b. Late Spring...
10c. Summer.
10d. Early Fall ...
10e. Late Fall
10f. Winter

'_L_‘_\_\_L'_‘l
oooooolg

Ma.
11b.
¢ Other animals ...

11¢1. Specify:

ooolg

Not A
[
4]
4]
[4]
[
4]

icable
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Place ID label here

MODIFIED RHINITIS SYMPTOM UTILITY INDEX

Staff's Initials

Participant’s Initials

Completion Date

Visit

[Form values are used in MEDS Program.]

[Interviewer] ‘l would like to ask about symptoms [yow/PARTICIPANT] may have had DURING THE PAST 2 WEEKS from [your/histher] nose and eyes, how frequently

[you/he/she] had these symptoms, and how bothered by these symptoms [you were/he/she was].”

It is i that the participant, with the of the p: fguardian as needed, answer the
1. How many days [have youhas PARTICIPANT] had a stuffy or blocked nose during the past 2 weeks?
None 0 [SKIP TO 3]
1-3 day: 1
47 day: 2
8-14 day: 3
2. On average, how bothersome was [your/PARTICIPANT’S] stuffy or blocked nose during the past 2 weeks?
Not bothered at all
hat bothered 1
Bothered a lot 2
3 How many days [have youthas PARTICIPANT] had a runny nose during the past 2 weeks?
None 0 [SKIP TO 5]
1-3 day: 1
47 day: 2
8-14 day: 3
4. On average, how bothersome was [your/PARTICIPANT S] runny nose during the past 2 weeks?
Not bothered at all
hat bothered 1
Bothered a lot 2
5. How many days [have youhas PARTICIPANT] had sneezing during the past 2 weeks?
None 0 [SKIPTO 7]
1-3 day: 1
47 day: 2
8-14 day: 3
6. On average, how bothersome was [your/PARTICIPANT’s] sneezing during the past 2 weeks?
Not bothered at all
hat bothered 1
Bothered a lot 2
7. How many days [have youhas PARTICIPANT] had itching, watery eyes during the past 2 weeks?
None 0 [SKIP TO 9]
1-3 day: 1
47 day: 2
8-14 day: 3
8 On average, how bothersome were [your/PARTICIPANT S] itching, watery eyes during the past 2 weeks?
Not bothered at all
hat bothered 1
Bothered a lot 2
9. How many days [have youthas PARTICIPANT] had itching nose or throat during the past 2 weeks?
None 0 [SKIP TO 11]
1-3 day: 1
47 day: 2
8-14 day: 3
10. On average, how bothersome was [your/PARTICIPANT'S] itching nose or throat during the past 2 weeks?

Not bothered at al
hat bothere

Bothered a lot




Supplemental Figure Legends

SUPPLEMENTAL FIGURE 1. Seasonal variation in rhinoconjunctivitis total symptom scores by
rhinitis phenotypes. The rhinitis phenotypes are denoted as Seasonal Allergic Rhinitis (SAR;
red), Perennial Allergic Rhinitis (PAR; blue), Perennial Allergic Rhinitis with Seasonal
Exacerbations (PARSE; green), Indeterminate Atopic Rhinitis (IAR, purple), Non-Allergic Rhinitis
(NAR; orange), and No Rhinitis (black). P-values correspond to a comparison of seasonal trend

across all phenotypes, with and without the No Rhinitis group

SUPPLEMENTAL FIGURE 2. Questions used for diagnosis of rhinitis. The rhinitis diagnostic
questions were administered to all participant at first visit. For those not classified as rhinitics
at the first visit, the questions were re-administered at a later point in the APIC study when the

participant reported rhinitis symptoms.

SUPPLEMENTAL FIGURE 3. Questions used for classifying rhinitis phenotypes. After a participant
met the diagnostic criteria for rhinitis, these questions were administered to determine the
seasonality of the symptoms and pet exposures. The responses were combined with the results
of the participant's allergen skin test reactivity to classify the participant into one of the 5

rhinitis phenotypes.

SUPPLEMENTAL FIGURE 4. Questions used for monitoring rhinitis activity. At every visit the
Modified Rhinitis Symptoms Utility Index questions were administered to determine the
number of days a participant experienced symptoms of rhinitis and the impact on the

participant's life.



