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Background: Although children can frequently experience a cough that affects their
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1 | INTRODUCTION

Objectives: The objective of the study was to describe the latent class trajectories
of cough from one to 10years old and analyse their association with wheezing, atopy
and allergic diseases.

Methods: Questions about cough, wheeze and allergic diseases were asked at 1, 1.5,
2, 3,4, 5, 6 and 10years of age in the European prospective cohort of Protection
against Allergy: STUdy in Rural Environment (PASTURE). Specific IgE assays were
performed at 10years of age. Questions regarding a cough without a cold were used
to build a latent class model of cough over time.

Results: Among the 961 children included in the study, apart from the never/infre-
quent trajectory (59.9%), eight trajectories of cough without a cold were identified:
five grouped acute transient classes (24.1%), moderate transient (6.8%), late persis-
tent (4.8%) and early persistent (4.4%). Compared with the never/infrequent trajec-
tory, the other trajectories were significantly associated with wheezing, asthma and
allergic rhinitis. For asthma, the strongest association was with the early persistent
trajectory (OR, = 31.00 [14.03-68.51]), which was inversely associated with farm
environment (OR, = 0.39 [0.19-0.77]) and had a high prevalence of cough triggers
and unremitting wheeze. Late and early persistent trajectories were also associated
with food allergy. Atopic sensitization was only associated with the late persistent
trajectory.

Conclusion: Late and early persistent coughs without a cold are positively associated
with atopic respiratory diseases and food allergy. Children having recurrent cough
without a cold with night cough and triggers would benefit from an asthma and allergy

assessment. Growing up on a farm is associated with reduced early persistent cough.

KEYWORDS
allergic diseases, asthma, atopy, childhood, cough

Key messages

Cough is a frequent and non-specific respiratory symptom in chil-

dren that may considerably reduce their quality of life.! In the ma-

e Age at onset, triggers and persistence of symptoms are

important to better characterize cough.

jority of otherwise healthy children, cough is a symptom related to

e Recurrent cough with night cough and triggers should

a self-limiting viral upper respiratory tract infection that resolves

within a week.?

lead to allergy and asthma assessment.

e Growing up on a farm is associated with reduced early

However, children with coughs that are not associated with a re-

persistent cough.

spiratory infection but are often triggered by normally innocuous
stimuli are commonly seen in paediatric practice. This type of cough
is more frequent in children who also wheeze and the presence
of the two concomitant symptoms is well documented in asthma.
Regardless of associated asthma, coughs triggered by normally non-
tussigenic stimuli highly suggest cough hypersensitivity, where dys-
regulated afferent neural pathways and/or the central processing of
the cough are likely mechanisms># with atopy as one of the aetio-
logical mechanisms.®

Understanding of the mechanisms behind the transition to
chronic cough is still a great challenge. Recently published European
Respiratory Society guidelines on the diagnosis and treatment
of chronic cough refer to its predominant causes in children.®

Systematic reviews and studies reveal that cough aetiology, fre-
quency and sensitivity differ in many ways throughout childhood®’
and between children and adults,?? so these guidelines recommend
exploring the natural history of cough over time through observa-
tional cohort studies.

A data-driven approach, based on unsupervised statistical
methods such as (LCA), has increasingly been used to explore the
natural course of respiratory symptoms. Most studies using this

10,11

approach focus on asthma, and a few focus on allergic rhinitis

and atopic sensitization.*?>*® Cough data have been mostly used to
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CTrajectories of cough without a cold in early childhood and associations with atopic diseases)

Trajectories of cough without a cold

Parental report

Cough without a cold
Cough at night
Triggers of cough

m. 1,1.5,2,3,4,5,6and 10 years

Y

Cough without a cold trajectories

PASTURE birth cohort

Protection against Allergy: STUdy in Rural Environments

S
-
0 1133 children from rural areas — Half farmers lfl'l

parentaleport DOCtOr-diagnosed asthma
Allergic rhinitis
Food allergy
Atopic dermatitis
at1,1.5,2,3,4,5,6and 10 years

} Specific IgE at 10 years

=
o Acute transient

s

Allergy and asthma assessment is needed in case of
persistent cough without a cold.

Growing up on a farm seems to have a protective effect on
acute transient cough and early persistent cough.

Five different patterns of cough trajectories

Never/infrequent Reference

Asthma, allergic rhinitis

Moderate transient

Late persistent Asthma, allergic rhinitis
Food allergy

Early persistent Parental atopy

GRAPHICAL ABSTRACT

CLINICAL & EXPERIMENTAL
ALLERGY ™o svonesinizso

Five different patterns of cough trajectories during early childhood have been highlighted. Recurrent cough without a cold, with night cough
and triggers should lead to allergy and asthma assessment. Growing up on a farm seems to have a protective effect on acute transient cough

and early persistent cough.

determine wheeze and asthma phenotypes.** While atopy and Th2
cell-mediated inflammation have been considered one of the aetio-
logical mechanisms of cough hypersensitivity syndrome, no study
has explored the relationship between cough and all atopic diseases,
including food allergy and atopic dermatitis. In most studies that
have investigated respiratory symptoms' trajectories throughout
childhood, cough, wheezing and asthma were grouped together.
Thus, cough is always explored as an asthma symptom and no stud-
ies focus on cough patterns.

The European prospective birth cohort PASTURE (Protection
against Allergy STUdy in Rural Environment) involves children from
rural areas and aims to evaluate risk and protective factors for al-
lergic diseases, offering the opportunity to explore trajectories of
cough without a cold in childhood and investigate their link with
atopic diseases.

This study aims to assess trajectories of cough without a cold in
childhood from 1 to 10years old in the PASTURE cohort and their
associations with atopic diseases, including asthma and the farming

environment.

2 | METHODS
2.1 | Study design and population

The PASTURE/EFRAIM (Mechanisms of early protective expo-
sures on allergy development) study focuses on a prospective birth
cohort involving children born in 2002 and 2003 in rural areas in
five European countries (Austria, Finland, France, Germany and
Switzerland) to evaluate risk factors and protective factors for

allergic diseases. The design of the PASTURE study has been de-
scribed in detail elsewhere!® and the inclusion and exclusion criteria
of this study, detailed in online supplements, were those of the over-
all PASTURE study.16 To briefly summarize, pregnant women were
recruited during their third trimester of pregnancy and divided into
two groups: women who lived on family-run farms where livestock
was kept (farm group) and women from the same rural areas who did
not live on a farm (non-farmer group). In total, 1133 children were
included in this birth cohort. The study was approved by the local
research ethics committee in each country, and written informed

consent was obtained from the parents.

2.2 | Questionnaires

Questionnaires were self-administered by the parents when the
children were 12, 18, 24, 36, 48, 60 and 72months old and then
at 10years of age. The questionnaires were based on items from
the International Study of Asthma and Allergies in Childhood,'
the Asthma Muti-centre Infants Cohort Study® and the American
Thoracic Society.)” At all time-points, parents were asked “How
often has your child had a cough without a cold during the last
12 months?” (or during the last 6months at the 18- and 24-month
follow-ups). The possible answer categories were “never,” “less than
once a month,” “once a month” and “at least twice a month.” The
same question was asked for “cough at night without a cold.” When
the children reached 2years of age, parents were also asked “Has
your child ever had an attack of cough without a cold caused by
one of the following factors: physical exercise, excitation, change of
temperature?”
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The length and characteristics of cough are described in the
Appendix S1.

Unremitting wheeze was defined by the prevalence of wheeze
without a cold or symptoms between wheezes reported by the par-
ents at least once between 18 months and 10years of age. Children
were considered as having unremitting wheeze if the parents an-
swered “one or more” to the question “How many attacks of wheez-
ing has your child had in the last 12months apart from a cold?” or
“no” to the question “Is your child completely cured (without any
respiratory complaints) between these episodes?”

Children were defined as having doctor-diagnosed asthma if the
parents reported that the child had been diagnosed with asthma by
a doctor at least once or if the child had had at least two doctor-
diagnosed spastic, obstructive or asthmatic bronchitis in question-
naires at age 4, 5, 6 and 10, independent of a diagnosis reported in
the first 3years of life.

Allergic rhinitis was defined by the simultaneous presence of
nasal and eye symptoms without a cold (itchy, runny or blocked nose
and red, itchy eyes) and/or a doctor-diagnosed allergic rhinitis from
3 to 10years of age.

Definitions of atopic dermatitis, food allergy, parental history
of atopy and specific IgE (slgE) measurements are provided in the
Appendix S1.

2.3 | Statistical analysis

A LCA was used to identify subtypes of cough symptoms over
time.2° The variables “cough without a cold” and “cough without
a cold at night” were coded in binary variables “never” versus “at
least once during the last 12 months” at each visit. Cough trig-
gered by physical exercise, change of temperature and/or excita-
tion was coded in binary variables “no trigger” versus “at least one
trigger” at each visit. The three defined variables were incorpo-
rated into the LCA model. As we decided to focus on the three
items that supported the diagnosis of asthma as described by the
Global Initiative for Asthma (GINA), we did not incorporate the
length and characteristics of cough without a cold into the LCA
model.

Children with data on cough symptom at less than six of the eight
visits were excluded (n = 172). Bayesian information criterion (BIC),
consistent Akaike information criterion (cAIC), and entropy were
used to define the number of classes that best fit the data.?! BIC
was considered as the most reliable fit statistic and bootstrapped
likelihood ratio test was performed in case of discordance between
two statistical parameters.22 The probability of an individual belong-
ing to each class was estimated based on conditional probabilities of
cough symptoms at each time given a class membership.2 For sen-
sitivity analyses, a LCA was performed on children with information
on cough symptoms at all eight time-points and among the entire
PASTURE population.

Multinomial logistic regression was used to investigate the asso-
ciations between latent class trajectories of cough (outcomes) and

the characteristics of the population (exposures). Logistic regression
was used to investigate the associations between atopic diseases
(outcomes) and the trajectories of cough (exposures). Multivariable
models were adjusted for centre, parental history of atopy, gender
and farming status, as there were known associations with allergic
diseases and the centres used in the study population selection.
Stratified analyses were performed to investigate the associations
between respiratory atopic diseases and trajectories of cough ac-
cording to unremitting wheeze. A data analysis was performed using
SAS software version 9.4 (SAS Institute Inc.).

3 | RESULTS
3.1 | Study population

Of the 1133 children enrolled in the PASTURE birth cohort, 961
(84.8%) participated in at least six visits and 80.1% of them (N = 770)
had a follow-up at the 10-year visit. Population characteristics are
presented in Table S1.

Regarding allergic diseases, 815 subjects presented available
data for atopic dermatitis, 781 for food allergy, 773 for allergic rhi-
nitis and 775 for doctor-diagnosed asthma. sIgE assays were per-
formed on 521 children at the age of 10.

The point prevalence of cough symptoms during the first 10years

of life is presented in Table 1.

3.2 | Selection of the class solution that best
fit the data

According to BIC and entropy, the nine-class solution was identified
as the best model to fit the data (Table 2). cAIC was the lowest for
the eight-class solution but the bootstrapped likelihood ratio test
was significant in favour of the nine-class solution (p = .01). Apart
from one large class (n = 576; 59.9%), the eight other classes repre-
sented 4.4% (n = 42) to 6.8% (n = 65) of the population. Sensitivity

analyses are described in the online supplements.

3.3 | Trajectories of cough without a cold

Out of the nine classes of cough without a cold (called cough
from now on), five were identified as acute transient trajectories,
because only one time-point had >50% of children with a cough
(Figure S1). Assuming that having a cough once at 3, 4, 5, 6 or
10vyears old is similar, these five classes have been grouped into
one trajectory called acute transient (n = 232; 24.1%). Together
with this acute transient trajectory, the four other classes served
to define five different cough trajectories (Figure 1; Figure S2).
The never/infrequent (reference) trajectory (n = 576; 59.9%) had
a low prevalence of a cough and a cough at night during the first
2years, and then no symptoms after 2 years, and no triggers. The
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TABLE 1 Point prevalence of cough symptoms up to 10years of age.
1 year 1.5 year 2years 3years 4years Syears 6years 10years
Cough?®
N NA 670/931 675/947 802/938 804/953 837/950 784/920 563/770
% (95%Cl) 72 (69-75) 71 (68-74) 85 (83-88) 84 (82-87) 88 (86-90) 85 (83-87) 73 (70-76)
Cough without a cold?
N 197/947 111/925 136/947 162/938 164/953 182/950 138/919 104/758
% (95%Cl) 21(18-23) 12 (10-14) 14 (12-17) 17 (15-20) 17 (15-20) 19 (17-22) 15 (13-17) 14 (11-16)
Cough without a cold at night?
N 29/948 73/926 97/947 11/938 114/933 114/921 106/918 68/758
% (95%Cl) 3(2-4) 8(6-10) 10(8-12) 12 (10-14) 12 (10-14) 12 (10-14) 11 (9-14) 9(7-11)
At least one trigger of cough without a cold
N NA NA 51/944 50/937 61/953 72/950 56/918 41/755
% (95%Cl) 5(4-7) 5(4-7) 6(5-8) 8(6-9) 6(4-8) 5(4-7)
Cough triggered by sport
N NA NA 24/945 26/937 41/953 49/950 40/919 33/756
% (95%Cl) 2(1-3) 3(2-4) 4(3-6) 5(4-7) 4(3-6) 4(3-¢)
Cough triggered by excitation
N NA NA 21/946 18/937 24/953 26/950 19/918 12/756
% (95%Cl) 2(1-3) 2(1-3) 2(1-3) 3(2-4) 2(1-3) 2(1-2)
Cough triggered by change of temperature
N NA NA 27/945 23/937 31/953 33/950 37/919 19/757
% (95%Cl) 3(2-4) 2(1-3) 3(2-4) 3(2-5) 4(3-5) 2(1-4)
Out of children with cough without a cold
Duration of cough (more than 2weeks)
N NA 5/106 19/117 13/161 13/164 18/134 14/138 9/104
% (95%Cl) 4(1-8) 14 (8-20) 8(4-12) 8(4-12) 12 (7-17) 10 (5-15) 9 (3-14)
Dry cough
N NA 57/107 83/132 120/159 104/144 106/153 100/138 87/104
% (95%Cl) 53 (44-63) 63 (55-71) 75 (69-82) 72(65-79) 69 (62-77) 72 (65-80) 84 (77-91)
Productive cough
N 50/107 49/132 42/159 44/144 51/153 41/138 21/104
% (95%Cl) NA 47 (37-56) 37 (29-45) 26 (20-33) 31(23-38) 33(26-41) 30 (22-37) 20 (12-28)

Abbreviations: Cl, confidence interval; NA, not applicable.

?At least once in the last 12 months (6 months at the 1.5- and 2-year follow-up).

moderate transient trajectory (n = 65; 6.8%) had the highest prev-
alence of a cough, a cough at night, and triggers at 2 years of age,
and then decreased, with 15% of children still having a cough at
10vyears old. The late persistent trajectory (n = 46; 4.8%) had the
highest prevalence of a cough, a cough at night, and triggers at
5years of age, with >50% of children having a cough at 10years
old but only 20% of children reporting triggers. The early persis-
tent trajectory (n = 42; 4.4%) had a high prevalence of a cough
and a cough at night increasing from 1 to 5years of age, and more
than a 60% prevalence rate of a cough at 10years old. The early
persistent trajectory had the highest prevalence of triggers (from
30% to 60%).

In all trajectories, most coughing episodes lasted less than a week
(Figure S3). In both persistent trajectories, about 50% of children

with a cough had episodes lasting a week or more and about 10%

had coughing episodes lasting more than 2weeks. Apart from the

reference, dry cough was predominant (Figure S4).

3.4 | Association of cough trajectories with the
characteristics of the study population

Growing up on a farm was inversely associated with the acute tran-
sient and early persistent cough trajectories (Table 3). These associa-
tions persisted after adjustment for the centre and parental history
of atopy. Parental history of atopy was positively associated with the
acute transient, late and early persistent trajectories. Gender was
not associated with cough trajectories.
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3.5 | Association of cough trajectories with atopic
diseases and sensitization

Unremitting wheeze was associated with all cough trajectories, with

the strongest association for the persistent trajectories (Table 4).
Both doctor-diagnosed asthma and allergic rhinitis were posi-

tively associated with all cough trajectories, with the strongest as-

sociations for early persistent. Regarding pooling asthma or allergic

TABLE 2 Model parameters of performed with the population
that participated in at least 6 visits (N = 961).

Number of classes BIC cAlC Entropy
2 4906 4951 0.92
8 4545 4613 0.92
4 4329 4420 0.91
5 4222 4336 0.94
6 4149 4286 0.93
7 4099 4259 0.94
8 4069 4252 0.95
9 4066 4272 0.96
10 4100 4329 0.96

Note: Bold values are the lowest values for BIC and cAlIC and the
highest value for entropy.
Gray shade: selected model.

Never/infrequent trajectory
100 100

Acute transient trajectories*®

rhinitis diagnosis, 40.5% of children in the early persistent trajectory
had neither allergic rhinitis nor asthma (vs. 89.8% in the reference
trajectory).

Of all children with doctor-diagnosed asthma, 87% provided infor-
mation about their age when they were first diagnosed. Among those,
57.5% were first diagnosed before or at the age of three and 8.0%
were diagnosed aged six or over. There was no statistical difference
in age at the first diagnosis of asthma according to cough trajectories
(p = .2225). The cumulative prevalence of asthma according to the
different cough trajectories is presented in Figure 2. Most asthma di-
agnoses were reported by the age of five, even in the late persistent
trajectory. However, the early persistent trajectory had the highest
proportion of reported asthma diagnoses after the age of five (22.7%).

Food allergy was associated with late and early persistent trajec-
tories (Table 4). Atopic dermatitis was not associated with any cough
trajectories. sIgE sensitization to seasonal and perennial aeroaller-
gens was associated with the late persistent trajectory.

3.6 | Stratified analyses according to
unremitting wheeze

In children with unremitting wheeze (Table 5), doctor-diagnosed
asthma was positively associated only with persistent trajectories

whereas in children without unremitting wheeze only the association

Moderate transient trajectory
100

90 g % 90
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2 70 S o S 7
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= e 20 c .,
o 30 ] o 30
° g 10 3
g 20 0 o 20
a o
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100 100
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e Cough without a cold

2 3 4 5 6 10
Age (in years)

= Triggers of cough Cough at night

*Triggers of cough and cough at night for acute transient trajectories are described in Figure E1

FIGURE 1 Description of the five latent classes of cough (after grouping acute transient trajectories together): trajectories of the
prevalence of a cough without a cold, a cough without a cold at night and a cough triggered by at least one factor from one to 10years of age.

B5URD1 SUOWILLIOD) BAIERID) 3(geatjdde au Aq pauseod a1 sepIe YO 1SN JO S9N o AIqIT3UIUO A8]IM UO (SUORIPUOO-PUR-SLLLBI WD A8 | IMARRIq 1 BUIIUO//SHRY) SUORIPUOD PUe SWR L 3UY 385 *[2202/2T/80] U0 ARiqIT8uIUO A8 1M ‘WinuezsBunydsIo- Sayasineq UsyoLen N WNIZ Z) oyweH A ZGgyTeeo/TTTT OT/I0p/wod Ao Im ARid Ul juo//Sdny wo. popeojumoq ‘0 ‘ZZeS9eT



13652222, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/cea 14257 by Helmholtz Zentrum Muenchen Deutsches Forschungszentrum, Wiley Online Library on [08/12/2022]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

"A843]|e Jo A103SIY e ypMm Sjusled pue 243usd J0) palsnipe oljed Sppo ‘YO :UOoIIeINRIqQqY
GO’ >d :pjoq ul san|eA :9J0N

Wi LEYJ—7

(¥0°'T-82°0) #5°0 (84£'T-€5°0) 86'0 (7L 1-29°0) 0T (80°'T-85°0) 640 (@2uaiayal) T VN (1D %S6) 4O
79T (£°S€) Th/ST (0°0S) 9v/€T (9°18) ¥9/€¢€ (8'¥¥) ¢€T/¥0T (9°05) §£S/T6C (9°8%) 196/99% (%) "ou |e3o| /"ON
(sAoq "sA s|413) Jopuan)
Awucw‘_whw‘_v T ﬁwu:w\_wuﬁw: T Awucw‘_whw‘_v T Awu:w\_wwm\_v T Awucw\_w%w: T VN :U &mmv b0}
('12) Tv/6 (€'82) 9v/€T (€'8¢2) 59/61 (£°02) 2€2/9S (z'12)9L5/2CT (8'22) 196/61C (%) 'ou |ejoL /"ON
Auewsny
(¥T'2-S2°0) 20 (80°'T-TT'0) ¥€'0 (T¥'1-62°0) ¥9°0 (r€°'1-25°0) €8°0 (@2uaiaya1) T VN (1D %S6) 4O
(€¥T) 2¥/9 (£°8)9%/¥ (69T) S9/TT (T'81) ¢ee/ey (T°6T) 9£5/0TT (0'8T) T96/€LT (%) ou |eo /"ON
aduel
(T€'2-7€°0) 68°0 (£€'1-22°0) S50 (£60-8T°0) 2’0 (#0'1-1%#°0) 590 (@duaiayal) T VN (1D %S6) 4O
('12) 2v/6 (7'LT) 9v/8 (8'€T) §9/6 (L27) 2eT/T¥ (8'€2) 94S/LET (¢'12) 196/¥0C (%) ‘ou |eyoL /"ON
puesziimg
(TO'T-¥00) TZ'0 (19'1-£2°0) 99°0 (0°'T-02°0) S¥°0 (€2°1-8%°0) ££0 (@2uaia)a1) T VN (1D %S6) 4O
(8'%) ¢/ (9°6T) 9%/6 (8°€T) 59/6 ('6T) ¢€T/SY (0'ce) 9/S/L2T (0°02) 196/261 (%) ou |eol /"ON
elsny
(e 9-¥T'T)TLT (¥2'e-19°0) T¥'T (84'2-£90)9¢€'T (TT'Z-18°0) 1€T (@duaiayal) T VN (1D %S6) 4O
(1°8€) ¢h/9T (T'92) 9v/CT (1'92) §9/LT (£'02) ¢eT/8y (6°€T) 945/08 (0'8T) 196/€LT (%) ‘ou |eyoL /"ON
puejui4
€¥00° ESIENS)
(67°5-8€'T)9LC (69v-LTT) v¥'T (ST'C-£20) 62T (€T°T-02T)¥9°T (9ouatsgal) T VN (1D %56) ¥O
€000 ('14) TW/0E (6'89) S¥/T¢€ (8'€5) 59/5¢ (£°65) T€2/8ET (9L¥) vLS/€LT (0°€S) £56/L0S (%) ou |e10] /'ON
Adoje |ejuaied
(££0-6T°0) 6€°0 (16 T-#5°0) 20T (LT'T-0%'0) 69°0 (08°0-2#°0) 85°0 (@duaiayal) T VN (1D %56) 4O
(££0-0T°0) 6€°0 (65°1-8%°0) £8°0 (Tz'1-€%0)2L0 (££'0-T+°0) 9S50 (9uatsgal) T VN (1D %56) 4O
£000’ (6°0€) ¢h/ET (0°09) 9v/€T (e°5¥) ¥9/6C (z6€)CET/T6 (5°€5) 9£5/80¢ (€'8Y) 096/¥9% (%) ou |e10] /"ON
Jaulie
m anjeA-d (2 = u) (917 = u) Juajsisiad aje (g9 =u) (zez =) (945 = u) @dualajay n
AUH juajlsisiad Ajieg juaisueu) ajelapon juaisuesy ayndy
w
M PJ02 € 3noym y3Snod Jo saLio3dalel) I
T
_rm ‘P02 e Inoyim Yy3nod Jo sa110323(ed] ssed Juaje| syl pue sopuasd ‘94iuad ‘Adoje |ejuased ‘snjels 3ujwie) usamiaq uollepossy € 3719V.L
2
s
a




DIVARET-CHAUVEAU ET AL.

ﬂ—Wl LEY

TABLE 4 Association between the latent class trajectories of cough without a cold and unremitting wheeze, atopic diseases up to
10years of age (asthma, allergic rhinitis, atopic dermatitis and food allergy) and sensitization to food and inhalant allergens at 10years of age

(>0.7 1U/ml).

LCA trajectories of cough without a cold

Reference Acute transient
All (n = 576) (n=232)

Unremitting wheeze

No./Total no. (%) 194/933(20.8)  55/558(9.9) 59/227 (24.3)

OR?(95% Cl) NA 1 (reference)  3.03
(1.20-4.60)
Asthma
No./Total no. (%) 100/939 (10.6) 21/561 (3.7) 30/229 (13.1)
OR? (95% Cl) NA 1 (reference)  3.48
(1.93-6.30)

Allergic rhinitis
No./Total no. (%) 143/938(15.2)  45/561(8.0) 50/228(21.9)

OR?(95% Cl) NA 1 (reference)  2.65
(1.69-4.17)

Asthma or allergic rhinitis

No./Total no. (%) 180/939 (19.2)  57/561(10.2) 65/229 (28.4)

OR? (95% Cl) NA 1 (reference) 2.96
(1.97-4.47)
Atopic dermatitis
No./Total no. (%) 328/933(35.2)  175/555 85/141 (37.6)
(31.5)
OR?(95% Cl) NA 1 (reference) 1.23
(0.88-1.72)
Food allergy
No./Total no. (%) 76/930 (8.2) 28/555 (5.0) 21/226 (9.3)
OR?(95% Cl) NA 1 (reference) 1.71
(0.93-3.14)

Sensitization to perennial aeroallergens
No./Total no. (%) 105/521 (20.1) 48/296 (16.2) 30/136(26.1)

OR?(95% Cl) NA 1 (reference) 1.32
(0.78-2.24)

Sensitization to seasonal aeroallergens
No./Total no. (%) 158/521(30.3)  71/296 (24.0) 49/136 (36.0)

OR?(95% Cl) NA 1 (reference) 1.53
(0.97-2.43)

Sensitization to food allergens
No./Total no. (%) 112/521(21.5)  59/296(19.9) 29/136(21.3)
OR?(95% CI) NA 1 (reference) 0.95
(0.56-1.60)

Note: Values in bold: p<.05.

Moderate

transient Late persistent Early persistent

(n = 65) (n = 46) (n=42) p-value
30/63 (47.6) 25/43 (58.1) 25/42 (59.5) <.0001
9.18 13.21(6.64-26.3) 12.50

(5.10-16.52) (6.22-25.14)

11/64 (17.2) 14/43 (32.6) 24/42 (57.1) <.0001
5.41 12.90 31.00

(2.41-12.14) (5.78-28.81) (14.03-68.51)

15/64 (23.4) 15/43 (34.9) 18/42 (42.9) <.0001

3.08(1.56-6.08) 5.70(2.77-11.72) 5.99(2.92-12.30)

17/64 (26.6) 16/43(37.2) 25/42 (59.5) <.0001
2.94(1.54-5.60) 4.91(2.44-9.90) 9.85(4.85-20.02)

27/65 (41.5) 20/45 (44.4) 21/42 (50.0) 1920

1.37(0.79-2.38) 1.58(0.83-3.01) 1.91(0.98-3.72)

5/60(7.7) 11/42 (26.2) 11/42 (26.2) <.0001
1.29 (0.47-3.53) 5.71(2.51-13.00) 5.17 (2.25-11.87)

7/38 (18.4) 11/22 (50.0) 9/29 (31.03) .0550
1.10(0.45-2.24) 3.79(1.50-9.62) 2.06(0.86-4.91)

13/38 (34.2) 12/22 (54.5) 13/29 (44.8) .0423
1.50(0.71-3.17) 3.33(1.31-8.41) 1.95(0.88-4.35)

11/38(28.9) 6/22(27.3) 7/29 (24.1) .8061
1.62(0.73-3.56) 1.15(0.42-3.15)  1.07(0.43-2.71)

Abbreviation: OR?, odds ratio adjusted for farmer, centre, sex and parents with a history of allergy.

with the late persistent trajectory remained significant. Allergic rhi-
nitis was positively associated with all trajectories only in children
with unremitting wheeze and remained associated only with the
acute transient trajectory in children without unremitting wheeze.
Prevalence of other atopic diseases and sensitization according to
unremitting wheeze are presented in Table S2.

4 | DISCUSSION

To the best of our knowledge, this study is the first to assess trajec-
tories of cough without a cold during the first 10years of life using
statistical methods without a priori assumptions. Apart from chil-
dren who never or infrequently suffered from a cough in the absence
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Cumulative prevalence of asthma according to LCA trajectories of cough*
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*Cumulative prevalence of asthma was defined as the cumulative prevalence of doctor-diagnosed asthma during the follow-up

FIGURE 2 Age at first diagnosis of asthma according to latent class trajectories of cough.

of infection (59.9%), eight types of trajectories were identified: five
with acute transient cough, two with an early-onset cough that dif-
fered thereafter by the degree of resolution, and one with a late-
onset cough. Doctor-diagnosed asthma and allergic rhinitis were
positively associated with all these trajectories. The strongest asso-
ciations were found for the late and early persistent trajectories, and
both were associated with food allergy and parental history of atopy.
Farming status was associated with a lower risk of acute transient
and early persistent trajectories.

Even though it was not designed to explore cough, the PASTURE
study allowed the present research to study the longitudinal course
of cough without a cold in almost 1000 children. The eight measures
repeated over time with identical questions at each follow-up, the
non-selected nature of this prospective birth cohort, and the high
number of participants with available cough data in at least six of
the eight follow-ups allowed us to minimize major bias. Multivariable
models were used to investigate the association between atopic
diseases and cough trajectories and were adjusted for several con-
founders to minimize confounding bias.

However, one limitation of our study, as in most epidemiolog-
ical studies, is the reported nature of the symptoms and medical
diagnoses. Collected data did not allow us to differentiate chronic
from acute cough nor explore other symptoms sought during cough
assessment.® A cough without a cold was defined as having such a
cough at least once in the past 12months because of the low num-
ber of children having a cough once a month or more. This criterion
could be perceived as too broad. However, almost 60% of children

did not report such a cough in the absence of infection. Due to the
relatively small size for persistent trajectories, confidence intervals
for logistic regressions are wide, reflecting some incertitude in the
value of odd ratios for these trajectories. For these reasons, strati-
fied analyses should be interpreted with caution.

Regarding statistical and theoretical decisions for the LCA, indi-
cator variables were selected to explore the trajectories over time of
the three items that supported asthma diagnosis as described by the
GINA. Class-solution selection based on multiple fit statistics and
sensitivity analyses were performed. The differences in fit statistics
found in the population with no missing data could be explained by
the reduction in sample size. Finally, the decision to group the five
acute transient classes was based on the absence of theoretical and
clinical sense to differentiate a cough reported only once by the age
of occurrence. Replication in other cohorts would be of interest to
validate this model.

Regarding the point-prevalence of a cough without a cold during
the first 10years of life, it ranged from 12% to 21%, with the highest
prevalence at 1 year of age. That might be explained by physiological
gastro-oesophageal reflux disease in the early infancy, as this aeti-
ology of cough apart from colds has been described as frequent.?*
In our cohort, dry cough was predominant except in the reference
trajectory. A predominant wet cough in this trajectory suggests a
post-viral cough. The prevalence of a cough without a cold, a cough
at night and cough triggers were lower than in the Leicestershire co-
hort (from 34% to 55% from a cough without a cold, 20% to 31% for
a night cough and 18% to 26% for triggers).?> This difference could
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be due to population characteristics: rural in the PASTURE cohort
and mostly urban in the Leicestershire cohort. The prevalence of a
night cough in the Leicestershire cohort was even higher than in the
PARIS birth cohort (14%-18%), including children born in the area
of Paris.?

The comparison with other cohorts highlights the originality of
our prospective study, which includes several repeated questions
about coughing throughout the first 10years of life. In the PARIS
birth cohort,? apart from the never or infrequent phenotype, two
dry night cough phenotypes were identified from one to 4 years old:
transient and rising. Due to the difference in age assessment, the
rising phenotype might correspond to early persistent or moder-
ate transient trajectories; a late persistent trajectory could not be
identified. In the Leicestershire cohort, five phenotypes of cough
and wheeze were identified with only two follow-ups (8-13 and 13-
18years): transient (with and without wheeze) and persistent (with
and without wheeze/with atopy).}* A replication in another English
cohort with earlier follow-up ages led to differences in three of the
five phenotypes,?’ highlighting the importance of symptom assess-
ment age.

The protective effect of the farm environment on atopic dis-
eases has already been demonstrated in several studies.?87%0 Here,
we found an inverse association between growing up on a farm and
the acute transient and early persistent cough trajectories. The
strongest association was for the early persistent trajectory, sug-
gesting that growing up on a farm can protect children from devel-
oping an early persistent cough. Studying the different exposures
specific to the farm environment could help to better understand
the relationship between the farm environment and different cough
trajectories.

The association of all the cough trajectories with doctor-
diagnosed asthma and allergic rhinitis demonstrates the close rela-
tionship between cough, asthma and allergic rhinitis. The association
between these atopic diseases, parental history of atopy and acute
transient trajectories is contradictory to previous studies.*2+2>
Even in children without unremitting wheeze, the acute transient
trajectory was associated with doctor-diagnosed asthma and al-
lergic rhinitis. These results suggest that a cough without a cold,
even acute, is not physiological and could be related to an allergic
hypersensitivity.

The highest prevalence of doctor-diagnosed asthma and aller-
gic rhinitis was found in children with the early persistent trajec-
tory. About 40% of children presenting this cough trajectory did
not have a diagnosis of asthma or allergic rhinitis at 10 years of age.
These results confirm that an isolated cough without a cold, even
at night, is not always asthma.® In our study, doctor-diagnosed
asthma was mostly reported before the age of three. At this young
age, an asthma diagnosis is clinical based on the child's history of
wheezing,®? and we cannot exclude that some children outgrow
their asthma later in life. In the presence of unremitting wheeze, al-
most 90% of children in the early persistent trajectory had doctor-
diagnosed asthma. Association of persistent trajectories with
doctor-diagnosed asthma was stronger in children with unremitting

wheeze, but it remained positive in children without unremitting
wheeze. On the other hand, allergic rhinitis remained significantly
associated with all cough trajectories only in children with unre-
mitting wheeze. Even if these analyses need to be interpreted with
caution due to the small size of some classes, it confirms that a
persistent cough trajectory (with early or late onset) should lead
to asthma and allergic investigations, especially if associated with
unremitting wheeze.

The late persistent trajectory was the only trajectory associ-
ated with aeroallergens sensitization. Sensitization to seasonal and
perennial aeroallergens has already been described as positively
associated with allergic rhinitis and late-onset symptoms,*?3% but
sensitization to perennial aeroallergens is also frequently associated
with severe and early profiles of allergic rhinitis and asthma,* which
we did not find in the early persistent trajectory.

Finally, the new finding is the positive association of both per-
sistent trajectories with food allergy. Atopy and Th2 inflammation
have been considered one of the aetiological mechanisms of cough
hypersensitivity syndrome in which the immune system initiates
neuroimmune crosstalk. The involvement of neuromodulation, de-
scribed in numerous studies for cough,35 has also been explored in
a few studies for allergic diseases.®*%” The association of persistent
trajectories with all atopic diseases (except atopic dermatitis), es-
pecially if associated with unremitting wheeze, suggests the need
to explore atopy with asthma and allergy assessment in case of a
persistent cough without a cold and with a high prevalence of night
cough and triggers. An isolated cough even with night cough and
triggers is not sufficient to diagnose asthma; a history of wheezing
should be sought, and objective tests should be performed from the
age of five.®® The screening and management of allergic diseases
associated with a persistent cough should be part of cough man-
agement and could help reduce the burden of a cough. Associated
atopic diseases could be a predictive factor for a persistent cough,
helping to identify high-risk subgroups likely to benefit from early
treatment of atopic diseases in order to avoid instauration of cough
hypersensitivity syndrome.

5 | CONCLUSION

We investigated trajectories of cough without a cold from one to
10years old in a rural prospective birth cohort non selected for
risk of atopy. In this population, we identified nine different cough
trajectories. The late and the early persistent trajectories, which
represent 9.2% of children in our cohort, had the strongest asso-
ciation with asthma and allergic rhinitis and were also associated
with food allergy and parental atopy. In clinical practice, these re-
sults allow to conclude that children having recurrent cough with-
out a cold and with night cough and triggers should benefit from
an asthma and allergy assessment. The strong inverse association
between farm environment and an early persistent cough de-
serves further exploration to seek the prevention of severe cough
phenotypes.
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