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Abstract

Background: Natural course and co-occurrence of asthma, eczema, and allergic rhini-
tis through childhood are still not fully documented. We aim to identify and charac-
terize profiles based on the time course, severity, and apparent triggers of respiratory/
allergy symptoms in school-aged children.

Methods: Data on occurrence, severity, and triggers of asthma, rhinitis, and dermati-
tis symptoms were collected annually during the follow-up of the PARIS birth cohort.
Children with similar symptom trajectories until 8-9 years were grouped into profiles
using multidimensional (all symptoms considered simultaneously) cluster analysis.
Associations between profiles and different health outcomes were analyzed using
logistic or linear regression models.

Results: Six distinct symptomatic profiles were identified. A profile was defined by
persistent dermatitis symptoms, associated with sensitization to food and aeroaller-
gens. Two profiles were characterized by wheezing: one with early transient wheez-
ing and the other with persistent wheezing related to doctor-diagnosed asthma,
airway obstruction, and perennial aeroallergen sensitization. Three profiles were
characterized by rhinitis symptoms: one non-allergic and two allergic, either with per-
sistent rhinitis symptoms related to allergic multimorbidity and sensitization to per-
ennial aeroallergens, or with late-onset symptoms, related to both pollen and
perennial aeroallergens sensitization as well as low lung function.

Conclusion: This study brings further insights into the developmental profiles of res-

piratory/allergic outcomes from birth to school age. The identified profiles clearly
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timorbidity patterns.
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1 | INTRODUCTION

Respiratory and allergic diseases have become more common in
childhood and may coexist in many children (multimorbidity) more
often than expected by chance.! Natural history of these disorders
has been documented by an increasing number of studies using phe-
notyping approaches to define groups of individuals that are homog-
enous in their clinical and biologic patterns. Recently, data-driven
techniques dealing with longitudinal data were used to identify
profiles based on trajectories of symptoms in an objective manner,?
which might better reflect underlying biologic entities.’

However, few studies have investigated the co-occurrence of
asthma, eczema, and allergic rhinitis over time using unsupervised
approaches. In the PARIS (Pollution and Asthma Risk: an Infant
Study) birth cohort, a previous work reported four profiles in pre-
schoolers using K-means clustering: two transient profiles (“tran-
sient rhinitis” and “transient wheeze”) potentially linked to irritation
and infections, and two persistent profiles (“dermatitis” and “cough/
rhinitis”) associated with IgE sensitization at 18 months.* In two pop-
ulation-based British birth cohorts (ALSPAC and MAAS), Belgrave
et al® used Bayesian learning machine methods and reported het-
erogeneous developmental profiles of eczema, wheeze, and rhinitis
from birth to 11 years of age. Eight latent classes were identified,
including four with multimorbidity that were the most associated
with sensitization. Panico et al® identified four latent trajectories
using longitudinal latent class analysis based on allergy symptoms at
3, 5, and 7 years of age, including one with co-existence of wheeze,
eczema, and hay fever.

In this context, we aimed to identify profiles based upon time
course, severity, and trigger of respiratory/allergy symptoms in
school-aged children from the PARIS birth cohort and to evaluate
their relevance by studying associations with doctor-diagnosed
diseases, sensitization, lung function, and fractional exhaled nitric
oxide (FeNO).

2 | METHODS

2.1 | Study design

The present study is part of the ongoing follow-up of the popula-
tion-based PARIS birth cohort. Between February 2003 and June
2006, 3,840 healthy term singletons were enrolled from five public

differed regarding objective features such as diagnosed morbidity, sensitization, or lung
function measurements, thus highlighting their biologic and clinical relevance. Allergic

rhinitis profiles deserve particular attention, since they were likely to be involved in mul-

allergy, birth cohort, cluster analysis, school-aged children, symptom trajectory

Key Message

Using an unsupervised and multidimensional technique, six
distinct phenotypes of respiratory/allergic symptoms tra-
jectories were identified based on the time course, severity
and apparent triggers of respiratory/allergy symptoms in
school-aged children from the PARIS birth cohort. These
phenotypes clearly differed regarding objective features
such as morbidity, sensitization and lung function meas-
urements, thus highlighting their biological and clinical
relevance. Special attention should be given to children
with allergic rhinitis, as they were likely to be involved in

multimorbidity patterns.

Paris maternity hospitals. Eligibility criteria have been previously
described.” Children were followed up by repeated self-adminis-
tered questionnaires and two medical examinations took place at
18 months and 8-9 years of age, in two tertiary referral hospitals in
Paris. The French Ethics Committees approved the PARIS study, and
written informed consent was obtained from all parents.

2.2 | Respiratory/allergic outcomes

Data on doctor-diagnosed diseases, medication, and respiratory/
allergic outcomes (occurrence and severity), including wheez-
ing (wheezing or whistling in the chest), dry night cough, rhinitis
symptoms (sneezing or runny/blocked nose apart from a cold), and
dermatitis symptoms (itchy rash coming and going), were yearly
collected by standardized self-administered questionnaires de-
rived from ISAAC (International Study of Asthma and Allergies in
Childhood).® Asthma-related hospitalizations or emergency depart-
ment visits were reported at 18 months and at 8-9 years. Current
allergic diseases at 8-9 years were defined according to the MeDALL
(Mechanisms of the Development of Allergy) consortium (see
Supporting Information).? Briefly, current asthma was defined as the
presence of any two of the following three items: doctor-diagnosed
asthma, asthma medication in the last 12 months, and wheezing in
the last 12 months. Current atopic eczema was defined as itchy rash

in the last 12 months affecting specific places with sensitization at
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8-9 years. Current allergic rhinitis was defined as rhinitis symptoms
with itchy/watery eyes in the last 12 months and sensitization at

8-9 years.

2.3 | Sensitization

Skin prick tests to nine aeroallergens (Dermatophagoides pteronyssi-
nus, Dermatophagoides farinea, cat, dog, Blatella germanica, Alternaria
alternata, birch, grass, and mugwort) were performed at 8-9 years
of age. A wheal of 23 mm was considered as a positive response.
Blood tests were performed at both 18 months and 8-9 years of age.
Total IgE levels were measured by ImmunoCAP® Total IgE (Phadia,
Uppsala, Sweden). At 8-9 years, twelve food allergens (egg white,
cow's milk, peanut, mustard, fish, wheat, soy, hazelnut, sesame,
shrimp, beef, and kiwi) and seven aeroallergens (Dermatophagoides
pteronyssinus, cat, dog, Blatella germanica, Alternaria alternata, timo-
thy-grass, and birch) were tested using ImmunoCAP® Phadiatop®
and Trophatop® x26, fx27, and fx28 (Phadia). IgE sensitization was
determined by at least one allergen-specific IgE 20.35 kUA/L, and IgE
polysensitization by at least two allergen-specific IgE 20.35 kUA/L.

WILEY——Y

2.4 | Lung function

Lung function tests were carried out at 8-9 years, as previously de-
scribed.*® Spirometry was performed at baseline and 20 minutes
after the administration of 200 pg of salbutamol. Forced expiratory
volume in one second (FEV,), forced vital capacity (FVC), and forced
expiratory flow at 25%-75% of the FVC (FEF,, o) were recorded.
Before spirometry, FeENO was measured and expressed in parts per
billion using NIOX MINO® (Circassia, Uppsala, Sweden). Predicted
values of lung function were obtained from the Global Lung Function

Initiative equations based on sex, age, height, and ethnicity.!*

2.5 | Statistical methods

KmL3D, a version of K-means adapted to the analysis of joint tra-
jectories,12 was used to identify profiles according to the course
of wheezing, severe wheezing (sleep disturbance, disturbance of
daily activities, frequent attacks [>4/y], or shortness of breath), dry
night cough, rhinitis symptoms, rhinitis symptoms with itchy/watery

eyes, rhinitis symptoms apparently triggered by dust mites, pets, or

TABLE 1 Baseline characteristics of the PARIS birth cohort children included in the cluster analysis and children not included in the

cluster analysis but still followed up at 8-9 y of age

Children included in the cluster
analysis

n =1820
Boys [n (%)] 939 (51.6)
Family socioeconomic status
Low [n (%)] 109 (6.1)
Medium [n (%)] 474 (26.1)
High [n (%)] 1,230 (67.8)
Caucasian [n (%)] 1,483 (81.8)
Parental history of allergy [n (%)] 972 (53.6)
Parental history of asthma [n 348 (19.2)
(%)l
Parental history of eczema [n 344 (19.0)
(%)]
Parental history of hay fever [n 671 (37.0)
(%)]
Older sibling(s)
None [n (%)] 999 (54.9)
One [n (%)] 618 (34.0)
Two or more [n (%)] 203 (11.2)
Birthweight, kg (mean + SD) 3.41+0.39
Breastfeeding at birth [n (%)] 1,328 (73.3)
Maternal smoking during 167 (9.2)
pregnancy [n (%)]
Smokers at home at birth [n (%)] 357 (19.7)

SD, standard deviation.
Student's t test.
*Chi-squared test.

Children not included in the cluster analysis

All Still followed up at 8-9 y

n=2020 P-value n=633 P-value

1031 (51.0) 0.732% 321 (50.7) 0.702*
250 (12.4) <0.001% 72 (11.5) <0.001%
589 (29.3) 198 (31.4)

1,172 (58.3) 360 (57.1)

1,527 (76.1) <0.001% 450 (71.8) <0.001%

1,056 (52.4) 0.488% 331 (52.5) 0.634%
416 (20.7) 0.239% 131 (20.8) 0.377%
357 (17.8) 0.337% 125 (19.9) 0.642%
700 (34.8) 0.160* 217 (34.4) 0.256%

1,180 (58.4) 0.027* 326 (51.5) 0.074%
658 (32.6) 246 (38.9)
181 (9.0) 61 (9.6)

3.39 +0.40 0.188" 3.41+0.39 0.8241

1,345 (71.2) 0.172% 429 (72.5) 0.709+
267 (13.2) <0.001% 76 (12.0) 0.040%
456 (28.6) 0.004* 134 (21.6) 0.300%
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pollen according to parents, and dermatitis symptoms by consider-
ing 7 time periods (at age 1, 2, 3, 4, 5, 6, and 8-9 years). Children
were partitioned into different clusters so that the Euclidean dis-
tance between children and the mean trajectory of their respective
clusters was minimized. To choose the optimal number of clusters,
the model was repeatedly fitted with 2-8 clusters. The optimal clas-
sification was determined using Bayesian information criterion (BIC)
and considering the clinical relevance of clusters. The analysis was
performed on children with data available for more than half of the
time periods (24) for each symptom (n = 1820). Missing values were
imputed by linear interpolation. Sensitivity analyses were conducted
in the subgroups of children with complete data for all symptoms
and with data available at 26 and 25 time periods.

Associations of profiles with ever doctor-diagnosed diseases
at 8-9 years, current allergic diseases at 8-9 years, medication, and
sensitization were studied using multinomial logistic regression.
Associations of lung function and FeNO with profiles were tested
using linear regression. Results were expressed as odds ratios (OR)
or B coefficients with their 95% confidence intervals (95% Cl).

Cluster analyses were conducted with R software (R Foundation
for Statistical Computing, Vienna, Austria). Regression analyses
were performed using Stata/SE 11.2 (StataCorp, College Station,
TX, USA).

3 | RESULTS

3.1 | Participants

Among the 2453 children still followed up at 8-9 years, 1820 children
(74.2%) were included in the cluster analysis (Figure S1). Participants
had a higher familial socioeconomic status (SES) and were more likely
to be exposed to maternal smoking during pregnancy, compared to
non-participants (Table 1). Prevalence and trajectories of symptoms

among the participants are shown in Table S1 and Figure 1.

3.2 | Identification of respiratory/allergic profiles

Although the 8-cluster model had a slightly better BIC than the 7-
cluster model (Table S2), the latter was selected regarding its clinical

40%
30%

20%

Prevalence

10%

0% L L L L L

relevance. Indeed, the 8-cluster classification included two redun-
dant groups with early transient wheezing (Figure S2). Thus, seven

profiles were identified (Figure 2):

e The reference group [54.2% of children, 95% Cl 51.9% to 56.5%]
had low prevalence of symptoms throughout the study period.

e Children from the early transient wheeze (ETW) group [10.4%,
95% Cl 9.0% to 11.8%] had severe wheezing during the first year
of life, after which the great majority rapidly recovered.

e The persistent wheeze (PW) group [4.7%, 95% Cl 3.7% to 5.6%]
showed high prevalence of wheezing throughout childhood (most
often severe) which gradually decreased between ages 3 and 8-9.

e Children from the persistent dermatitis symptoms (PD) group
[7.6%, 95% Cl 6.4% to 8.9%] had dermatitis symptoms with low
probability of respiratory symptoms.

e Children from the cough/non-allergic rhinitis symptoms (CNAR)
group [12.1%, 95% Cl 10.6% to 13.6%] experienced both dry night
cough and rhinitis symptoms not triggered by aeroallergens.

e The persistent allergic rhinitis symptoms (PAR) group [3.5%, 95%
Cl 2.6% to 4.3%] showed high prevalence of rhinitis symptoms
(frequently triggered by allergens, with itchy/watery eyes and/or
with dry night cough) with a peak at age 5. At each time point,
about 40% of the children had dermatitis symptoms.

o All the children from the late-onset allergic rhinitis symptoms
(LOAR) group [7.5%, 95% Cl 6.3% to 8.7%)] had rhinitis symptoms
at 8-9 years, most often with itchy/watery eyes and/or apparently

triggered by pollen.

The sensitivity analyses performed in children without any miss-
ing data (Figure S3) and with data available at 26 time periods and 25

time periods showed similar profiles.

3.3 | Profiles and diagnosed/current
allergic diseases

In the CNAR and ETW groups, as well as in the reference group,
about three-quarters of children did not have doctor-diagnosed al-
lergic diseases (Figure S4). In the PD group, 77.6% of children had
doctor-diagnosed eczema, whereas PW had the highest probability
of current asthma at 8-9 years (49.2%) and doctor-diagnosed asthma

—a—Wheezing
--k--Severe wheezing
Dry night cough
—&— Dermatitis symptoms
—=&— Rhinitis symptoms
- -8 --Rhino-conjunctivitis symptoms

-@-- Rhinitis symptoms apparently triggered by

Age (years)

dust mites or pets
— @ —Rhinitis symptoms apparently triggered by
pollen

FIGURE 1 Symptom trajectories over the first 8-9 y of life in all the children from the PARIS birth cohort included in the cluster analysis
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FIGURE 2 Symptom trajectories over the first 8-9 y of life for each respiratory/allergic profile identified in the cluster analysis in the
PARIS birth cohort children. CNAR, cough/non-allergic rhinitis symptoms; ETW, early transient wheeze; PD, persistent dermatitis symptoms;
LOAR, late-onset allergic rhinitis symptoms; PW, persistent wheeze; PAR, persistent allergic rhinitis symptoms
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TABLE 2 Associations of respiratory/allergic profiles identified in the cluster analysis with IgE sensitization, in the PARIS birth cohort children

IgE sensitization at 8-9 y

BOUGAS ET AL.

WILEY
-;-’0 (57.7%). More than half of the children from the LOAR group (56.3%)
5 51 g & 988NN 2 had current allergic rhinitis at 8-9 years, and about one fifth (19.7%)
0| o & 9 QW o . . .
0|1 § &N o O™ O c had current asthma at 8-9 years. LOAR was mainly associated with
= 2 S EA =Ry S gl ] .
s | £ 9 o n o v 2 doctor-diagnosed hay fever (OR 49.5, 95% Cl 17.8 to 137.8; Table
O[O0 « « d o « < o o . . . o )
\E g S3). PAR had intermediate-to-high probabilities of doctor-diag-
s O N o N T o N o ¥ nosed eczema (50.0%), asthma (38.3%), and hay fever (29.4%).
o O 1n O oo NN Vv O <« [a N
FIRX & < 9 8 o 4 Q- B Furthermore, 27.0% had at least two current allergic diseases at
N © 8-9 years. Associations of profiles with medication and asthma-re-
G 8°aszeda 8 lated hospitalizati d s d
$ 5 o < ¥ o ¥ N 3 ated hospitalizations or emergency department visits are presente
[P — . .
Q X g ;; g g g; ;; %g in the supplemental material.
85| =S5 o~ 9 O =
S ®| O < < o0 o oo o
S5 o . e
23 & 3.4 | Profiles and sensitization
c 9 N N O O ¥ o ¥ 2
|2 (7} 3 — 1N O Vv &N O O o g
SN — [0 RSl Y Rl @ Bell 2 Compared to the reference group, all profiles, except ETW, were as-
= % sociated with IgE sensitization at 18 months (Table 2). At 8-9 years of
= 9 3§58 5 o % » S . . .
: g - : s ”,\’ S g = age, CNAR and ETW were not significantly associated with IgE sensi-
—_— o S N N N O O ® = . . . . . e .
g g % S S 4 & & o -5 tization. PW and PAR were mainly associated with IgE sensitization to
S5 00‘ i g 2 : :rr' ; 3 "o perennial aeroallergens. LOAR was strongly associated with IgE sen-
S g ' &
§ o % sitization to pollen, to perennial aeroallergens, and to food allergens.
& § o N 0 !N oMoy N M § PD was also significantly associated with food and aeroallergens, even
o o \e [ O «— i [} < O < c . Lo . .
BN | ] N [oR Y BN 0 B g if associations were a bit weaker. PAR and LOAR were the most likely
= . kS groups to have IgE polysensitization at 8-9 years. Similar associations
= T g o< Y356 o« - L
é g: Q g : ’;— : g ;’ 8 were reported for positive skin prick test responses (Table S4).
g R BT R N b
k= BN 5 e 2=l 2 e o g
@ X £ O <« N 1n O ™ o .
g O - d o o 9« < .« o 3.5 | Profiles, lung function, and FeNO
> )
3 N
Q > O N O O In 1D S O & Compared to the reference group, PW was significantly associated
WXl o ¥« @0 & O d ¥ o & = . . .
o R & == o0 v S 2 g with lower FEV,, lower FEF 5, 5, lower FEV,/FVCratio, and higher
S o . .
. 2% FEV, increase after bronchodilator (Table 3). ETW and LOAR were
- T - =~ =~ _ = ™ = . . .
S 8 @ © @ g 9 L] also associated with lower FEV, and lower FEF,,,, o, but not with
- 1 25%-75%
5 | 5T 9yevs : in children
< h 5 N ® @® < © 0 <= 'g lower FEV,/FVC ratio. The mean FeNO in children from the PAR
8 e 5y S8 S dodd S 2 . o
© ¥ & < N oy ™ ™ 1 - S group was twice as great as in children from the reference group.
= O @« d o a v » v . =8 o . -
2 5 @ The mean FeNO was also significantly higher in children from LOAR
s > 9 O N = 1 ® g 8 and PW groups. Similar results were reported representing FEV, and
& e U N ¢ O ¥ @y 9 OF .
20X o N B O W o o 2 FVC as percent predicted values (Table S5).
(%] .~
Q.
5 o s 53
< s ST @S % a5
s |8 edvasdqed g2 4 | DISCUSSION
g X TN v o9« o £
= e § S 38 2o dd 2 8
o X S 0o 1 0 ™ o o E g Applying an unsupervised approach, we identified six sympto-
7] O « d «d o < ™ < S . . .
2 A matic clusters of children with comparable temporal patterns
o o ‘h . .
S E ola ol 2 N2 - %" ] (eg, early- or late-onset, transient, or persistent) and symptom
D3R 6w F 333 [ g picture (severity and triggers). These profiles clearly differed
e
. g E regarding morbidity, sensitization, and lung function measure-
= v <= o9 s < £ 9 . T f i
= :\: § (‘:‘) "N° @ % S ',: %o o ments (as summarized in Figure 3), suggesting the existence of
= = i N e ~N ™ [o0] P H H HY H H
;% a % pE R S R e | ; g different disease entities. Two profiles were characterized by
S K = © « © < 0 N < o wheezing: one with early transient wheeze and the other one
= O « & d & o & o « Zoa ) . .
o v % with early persistent wheeze, related to asthma and sensitiza-
o © ©
o £ 4 O m 1 < o S ceo tion to perennial aeroallergens. Another profile was defined by
X% 5 & T LI 9T < 8a . ", . . .
=16 € £ persistent dermatitis symptoms and was associated with sensi-
(e}
° § *é tization. Concerning rhinitis, we provide further insights since
[}
§ o 27 classifications have been historically built a priori without con-
pus [a 4 —_ c w
o < 5 . . . . . 13 .
£ = E a <Oi 2 n<: LO“ S E= sidering symptom trajectories throughout childhood.”” We dis-
x O w o IJ o o - L_; =

tinguished a non-allergic cluster, CNAR, probably triggered by



321

WILEY

BOUGAS ET AL.

A3121Uy3S pue ‘Jy3iay ‘03e ‘xS 404 kum:.:udp

‘dnoJ8 azaaym juaisisiad ‘AMd

‘dnou8 swoldwAs sijipewsap juaisisiad ‘d ‘dnoud swojdwAs sijiuiys 218.43)|e Juaisisiad “Yyd ‘dnoid swoidwAs siiuiyJ 21819)e 39suo-aie| ‘YO ‘Aydeded [elA padloy ‘DAL (pU0IdS SUO Ul SWN|OA Alojedidxa
pa240y ‘P AT ‘die pajeyxa Ul 9pIX0 J1IU O UOIIIRIS ‘ONSS DAL Y} 40 %G /-%GZ 38 MOjS Adojedidxe padioy %54 %5C 43 «dnoag azaaym Jusisuesy AjJea ‘A 1 ‘dnois swordwAs sijiuiyd 21819)|e-uou/ysnod “YvND

- 9T - (037 = S/8 = 812C = 086T - 9z/T [e3oL
(9122 (zest (T'z9t
(8'TZ TET) SLT 1ze (¢zi€z)00- 14 (e80-)€eT 618 9°66-) 088 cove ‘§'ST-) 189 £z1e 1T T'T6 L/8T avd
(76T~
‘€'Z8Y-) (oee (812~
(TOTT€) L9 e1e (v 60 9T 89 (T'T- ¥v-) 8¢ 88 6'65€- z881 ‘v'66-) T'EE- GZ6T  ‘S'8ET-) 0'E8- ¥Z9T Md
(Tov-
19'182-) (ot (01-
(ToT:6€) 0L 12 (€T:9T-)Z0- 6€ (60:6'T-) 0- £98 6'091- ¥11C ' T0T-) ¥'Sb- 0961 ‘9'v6-) 8'LY- 00LT AVO1
(T'zoT (5ve (9°0¢
(6€6T-)0T L'ST (S0%Z-)0T- o€ #TEeT-)T0 S/8  ‘66CT-)6€T- 81¢¢ LT T6T- 1261 '6'85-) T~ €897 ad
(86t
‘1'692-) (9'9- (L€t~
(8''8°2-) 0°0- 9vT (0T:91-)€0- 8'€ (0TS 1-) €0- S8 S6ST- v€1T ‘¥'801-) §'£S- €L61 ‘8'86-) 296~ (474" M13
(626 (8°85 (825
(€C:9z)Co- YT (60:5'T-) €0~ L€ (ST:L0-)¥0 988 ‘5'66-) 8°0- §see ‘8°26-) 0°ET 686T £'81-) S'6T VLT YVYND
ERIIEIETES] aan ERIIESETEY) (0574 EBIIEIETEY] 9°/8 ERIIEIETEY] 2922 ERIIEIETEY] 8861 ERIESETEN] Ge/T ERIVESETEN]
d uesan E uean E uesjn E ues|n E uesajn E uesn
(qdd) ON24 (%) 403e1poyduoiq (%) oA4/"A3A (5/7w) %5£%52 434 (1w) OAA (Tw) *A34

Ja}ye asealnul "A34

UaJp|1yd 10Yyod Ylig SI¥Vd 2Y3 Ul ‘o8e Jo A 4-8 38 QNS4 pue uoijouny Sun| Yim sisA[eue Ja3sn|d ayj ul paljijuapl sajijoad o1843||e/Al03elidsal Jo suoljedossy € 3T1dV.L



BOUGAS ET AL.

Ever doctor-diagnosed asthma

Ever doctor-diagnosed eczema

Ever doctor-diagnosed hay fever

>2 doctor-diagnosed allergic diseases
Current asthma at 8-9 years

Current atopic eczema at 8-9 years
Current allergic rhinitis at 8-9 years
Multimorbidity (=2 current allergic diseases at 8-9 years)
Bronchodilators ever

Bronchodilators at 8-9 years of age
Corticosteroids ever

R CNAR ETW PD LOAR PW PAR

Corticosteroids at 8-9 years of age

Topical steroids ever
Nasal corticosteroids at 8-9 years of age
Oral antihistamines at 8-9 years of age

Asthma-related hospitalizations or ED visits during the first 18 months of life

Asthma-related hospitalizations or ED visits during the first 8-9 years of life

IgE sensitization at 18 months

IgE polysensitization at 18 months

IgE sensitization to perennial aeroallergens at 8-9 years
IgE sensitization to pollen allergens at 8-9 years

IgE sensitization to food allergens at 8-9 years

IgE polysensitization at 8-9 years

FEV N NN
FvVC )
FEF25.75% NE N N
FEV1/FVC N
FEV1 reversibility after bronchodilator ™
FeNO ™ T ™

FIGURE 3 Summary of prevalence of clinical outcomes in each respiratory/allergic profile identified in the cluster analysis, and strength
and direction of association of respiratory/allergic profiles with lung function and FeNO measurements, in the PARIS birth cohort children.
Prevalence ranges: from 0% (white) to 100% (red). Strength and direction of associations of respiratory/allergic profiles with lung function
and FeNO measurements are represented by the arrow signs (| and 7). CNAR, cough/non-allergic rhinitis symptoms group; ED, Emergency
department; ETW, early transient wheeze group; FEF o, s, forced expiratory flow at 25%-75% of the FVC; FeNO, fractional exhaled nitric
oxide; FEV,, forced expiratory volume during 1 second; FVC, forced vital capacity; LOAR, late-onset allergic rhinitis symptoms group; PAR,
persistent allergic rhinitis symptoms group; PD, persistent dermatitis symptoms group; PW, persistent wheeze group; R, reference group

irritants, viruses, or bacteria, from two allergic clusters, PAR
(mainly associated with perennial aeroallergens sensitization)
and LOAR (related to both pollen and perennial aeroallergens
sensitization). Among the allergy-like profiles, PAR and LOAR
seemed the most allergic, with the highest probabilities of IgE
polysensitization and allergic comorbidities.

This study refines our previous work* leading to four profiles
during the first 4 years of life: two persistent (“cough/rhinitis” [11.3%)]
and “dermatitis” [12.2%]) and two transient (“transient rhinitis” [11.7%]
and “transient wheeze” [15.8%]). In the present study, transient
wheeze and dermatitis groups were also identified, while children with
transient rhinitis were mainly considered as asymptomatic or were
eventually assigned to the CNAR group. Children with persistent re-
spiratory symptoms during the first 4 years of life, all of whom were
assigned to the “cough/rhinitis” group, are now split into three distinct
profiles (CNAR, PW, and PAR), which suggests that the predictive

value of the “cough/rhinitis” group at 4 years may be limited, due to
its heterogeneity.

Our findings reinforce the evidence for distinguishing early tran-
sient wheezing, that recovers spontaneously, from atopic persistent
wheezing, as previously shown by Martinez et al** and confirmed
by more recent studies®® that also reported several persistent pro-
files.'*2° We observed one profile of persistent wheezers that might
gather all non-transient wheezers, as separation between these
profiles is not so clear-cut, and overlay between related clinical
features—including atopic status and lung function—has been re-
ported.?! PW was related to perennial aeroallergens and could rep-
resent the typical asthma phenotype, as PW was associated with
lower FEV,/FVCratio, higher FEV, reversibility after bronchodilator,
and higher FeNO, consistent with obstructive pattern and bronchial
tree inflammation. Early transient wheezing commonly resolved by
age 3 years, as airway diameters have grown enough to no longer
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cause wheezing (especially in viral infections),
lung function can persist at school age,'® which is consistent with our
findings. Interestingly, we found that ETW was characterized by se-
vere wheezing, challenging the paradigm that non-atopic wheezers
experience mild-to-moderate symptoms.?

The PAR group had an intermediate-to-high probability of each
doctor-diagnosed allergic disease, with a substantial prevalence of
multiple doctor-diagnosed allergic diseases, but did not show symp-
tom trajectories resembling the widely used atopic march, an arche-
type of development of allergy, in which early eczema is followed
by asthma and rhinitis.?* Belgrave et al® showed that a very small
proportion of children with allergy symptoms followed a trajectory
profile similar to atopic march. Another hypothesis involving disease-
to-disease mechanisms is the united airways disease concept,25 as
allergic rhinitis has been shown to be followed by asthma in later
childhood,?®?” which suggests a close interaction between upper
and lower airways. Interestingly, about one fifth of the children
from the LOAR group had current asthma at 8-9 years. Moreover,
we found that LOAR was associated with lower lung function and
higher FeNO, which might potentially indicate future progression to
asthma.

Our study has several strengths. We used a multidimensional and
unsupervised technique which have the advantage of not being based
on a priori assumptions even if choices about variables and number
of clusters are subjective.® Few studies have used multidimensional
approaches to characterize the co-evolution over childhood of a large
set of respiratory/allergy symptoms*%; most studies have been lim-
ited to one dimension, either longitudinal latent class analysis dealing

with a single symptom?¢-20:28

or cross-sectional cluster analysis deal-
ing with several outcomes.?”° As new insights on multimorbidity are
needed,®! studying co-occurrence of allergic diseases is crucial.

Our study is the first to consider severity/triggers of multiple
respiratory/allergy symptoms to build trajectories. We have distin-
guished whether rhinitis symptoms were triggered by aeroallergen
(pollen, dust mites, or pets), with itchy/watery eyes or not, since rhi-
nitis can be the result of diverse etiologies, including allergic or non-
allergic causes such as infections or irritants.'®> We also have looked
at the severity of wheezing, since mild and severe wheeze have been
distinguished in previous studies.>%’

One limitation of our study was the substantial attrition rate
during the follow-up, largely due to families who had moved out of
the study area, consistent with high residential mobility rates ob-
served in the Paris area. In common with numerous cohort studies,
low SES and related features (maternal smoking during pregnancy,
non-Caucasian) were more represented among non-participants. As
low SES and maternal smoking are commonly linked to early wheeze,
it is possible that proportion of children with early transient wheeze
reported in this study was underestimated.'® However, this should not
affect etiologic analysis. Another limitation of our study, in common
with most epidemiologic studies, was the lack of reliability of paren-
tal reporting of symptoms, especially wheezing,*? even if symptoms
were reported using ISAAC standardized questionnaires.2 However,

we reported clear associations of respiratory/allergic profiles with
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doctor-diagnosed allergic diseases, medication, and objective features
such as allergy markers, lung function, and FeNO. In our opinion, such
associations are essential for confirming the clinical relevance of pro-
files, as it is still unsure whether they are representations of discrete
biologic entities or simply useful but artificial constructs.®

To conclude, this study brings further insights into the develop-
mental profiles of respiratory/allergic outcomes from birth to school
age, identifying profiles that clearly differed in terms of morbidity,
sensitization, and lung function. Such distinctions are clinically rele-
vant, and the follow-up of the PARIS cohort children through adoles-
cence will be useful to determine their prognosis. Special attention
should be given to children with allergic rhinitis symptoms, as they

were likely to be involved in multimorbidity patterns.
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