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BACKGROUND: There is no published systematic review on the etiologies of chronic cough or the
relationship between OSA and chronic cough in children aged# 14 years. We thus undertook a
systematic review based on key questions (KQs) using the Population, Intervention, Comparison,
Outcome format. The KQs follow: Among children with chronic (> 4 weeks) cough (KQ 1) are
the common etiologies different from those in adults? (KQ 2) Are the common etiologies age or
setting dependent, or both? (KQ 3) Is OSA a cause of chronic cough in children?

METHODS: We used the CHEST Expert Cough Panel’s protocol and the American College of
Chest Physicians (CHEST) methodological guidelines and Grading of Recommendations
Assessment, Development, and Evaluation framework. Data from the systematic reviews in
conjunction with patients’ values and preferences and the clinical context were used to form
recommendations. Delphi methodology was used to obtain consensus.

RESULTS: Combining KQs 1 and 2, we found moderate-level evidence from 10 prospective
studies that the etiologies of cough in children are different from those in adults and are
setting dependent. Data from three studies found that common etiologies of cough in young
children were different from those in older children. However, data relating sleep abnor-
malities to chronic cough in children were found only in case studies.

CONCLUSIONS: There is moderate-quality evidence that common etiologies of chronic cough in
children are different from those in adults and are dependent on age and setting.As there are few
data relatingOSA and chronic cough in children, the panel suggested that these children should
be managed in accordance with pediatric sleep guidelines. CHEST 2017; 152(3):607-617
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Summary of Recommendations and
Suggestions
1. For children aged £ 14 years, we recommend that
common etiologies of chronic cough in adults are not
presumed to be common causes in children (Level 1B).

2. For children aged £ 14 years with chronic cough, we
recommend that their age and the clinical settings (eg,
country and region) are taken into consideration
when evaluating and managing their chronic cough
(Level 1B).

3. For children aged £ 14 years with chronic cough, we
suggest that clinical studies aimed at evaluating cough
etiologies use validated cough outcomes, define
response and diagnosis a priori, take into account the
period effect, and undertake a period of follow-up
(Ungraded consensus-based statement).

4. For children aged £ 14 years with chronic cough
and suspected of having OSA, we suggest that they are
managed in accordance with sleep guidelines
(Ungraded consensus-based statement).

Chronic cough is a common reason for parents to seek
specialist evaluation for their children. In children,
chronic cough is associated with impaired quality of
life,1 multiple physician visits,2 and adverse effects from
inappropriate use of medications.3 Recent studies1,4,5

and systematic reviews6,7 have found that using cough
algorithms or pathways leads to earlier diagnosis and
improved clinical outcomes, such as shorter duration of
cough and increased quality of life. Thus, the updated
American College of Chest Physicians (CHEST)
guidelines recommended using pediatric-specific cough
pathways when managing children with chronic cough.8

Pediatric-specific chronic cough management pathways
are different from those used in adults. The reasons for
the difference include assessment of outcomes and the
maturational aspects of immunity and physiology of the
respiratory system (thus affecting aspects such as cough
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sensitivity9) from childhood to adulthood, as well as the
most common etiologies of chronic cough.10

In adults, although common etiologies are somewhat
dependent on continent (United States and the United
Kingdom differ from Japan11), the most common
etiologies identified include asthma or “cough variant
asthma,” gastroesophageal disease (GERD), upper
airway cough syndrome/postnasal drip syndrome,
chronic bronchitis, and idiopathic causes.11,12 The
frequency of the first three listed etiologies led to
recommendations of empirical treatment for these
conditions when managing adults with chronic cough.13

In contrast, empirical therapy is not advocated for
children in either the previous14 or current8 CHEST
cough guidelines.

However, to date, there is no systematic review on the
common etiologies of chronic cough in children in
which children were systematically evaluated for the
various possible causes of cough. Hence using the
Population, Intervention, Comparison, Outcome
framework, we performed systematic reviews to address
key questions (KQ) relating to etiologies of cough in
children. Given the recent interest in sleep and cough in
adults with chronic cough,15 one of the KQs specifically
addressed this association. The 3 KQs addressed were:

KQ 1: In children with chronic (> 4 weeks) cough, are the
common etiologies different from those in adults?

KQ 2: In children with chronic (> 4 weeks) cough, are the
common etiologies age or setting dependent, or both?

KQ 3: Is OSA an etiology of chronic cough in children? If
so, when should OSA be considered a cause of chronic
cough in children?

In this paper, we present the systematic reviews for the
KQs noted, a summary of the evidence, and the
formulated recommendations based on these findings
using CHEST’s cough guidelines methods and
framework.16
Methods
We undertook the systematic reviews based on the protocol16

established by selected members of the CHEST Expert Cough Panel.
We used the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement for reporting. The KQs were
framed by this paper’s main authors.

Study Identification and Eligibility Criteria

Searches for the systematic reviews were undertaken externally by
librarians (Nancy Harger, MLS, and Judy Nordberg, MLS) from the
University of Massachusetts Medical School using the search
strategies outlined in e-Appendix 1. We included only studies
published in English. Duplicates found between Scopus and PubMed
searches were identified and removed by the librarians before
sending the abstracts to the two authors (A. C., J. O.) who reviewed
the abstracts.
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For KQ1 and KQ2, we specifically excluded epidemiology association
papers and studies aimed at evaluating a single etiology as the cause
of chronic cough, for example, protracted bacterial bronchitis,17

tobacco18 and other environmental exposures,19 or pertussis/selected
infections.20

For the CHEST cough guidelines, it was determined a priori that the
age cutoff for pediatric and adult components was 14 years.
However, to ensure that all relevant studies were captured, we
searched for studies that included participants up to 18 years of age.
The age cutoff for the child-based vs adult-based protocols is further
discussed later.

Data Extraction and Quality Assessment

The two reviewers independently reviewed all abstracts and fully
agreed on which full-text articles to retrieve to assess for
potentially eligible studies. It was planned that disagreements that
could not be resolved by consensus would be adjudicated by a
third reviewer (R. I.), but there were no disagreements. Data were
extracted by a single author (A. C.) and checked by a second
chestjournal.org
author (J. O.). For cohort studies, we reported on the study’s
setting, number enrolled and completing the study, inclusion and
exclusion criteria, as well as other factors (Table 121-32) we
considered important for interpretation of studies on chronic
cough specific to the KQs. These factors included a definition for
diagnoses, how cough was measured and resolution defined, and
whether or not the period effect was considered a priori. Reasons
for these factors, considered quality factors for pediatric cough
studies, are published elsewhere.33

Recommendation Framework

We used a standard method16 per previous pediatric recommendations8

and as stipulated by the CHEST Guideline Oversight Committee
(e-Appendix 1) using the CHEST’s Grading of Recommendations
Assessment, Development and Evaluation framework. When there
was insufficient evidence for diagnosis and management
recommendations, the panel placed great emphasis on patient values,
preferences, ease and cost of tests, and availability of potential
therapies. The panel also made several suggestions for future research.
Results
The search results and PRISMA diagrams for all KQs are
presented in e-Figures 1 and 2.

KQs 1 and 2: Summary of Evidence and
Interpretation

Fourteen studies were included in the systematic review
for these KQs: 10 were prospective studies and four were
retrospective (Table 1, e-Fig 1). Among the prospective
studies, the sample size ranged from 40 subjects27 to 563
subjects,34 whereas that of retrospective studies was
smaller, ranging from 38 subjects35 to 63 subjects.36

The prospective studies were undertaken in several
different countries encompassing affluent (Australia1,28

and United States27) and less affluent settings
(Turkey,22,31,34 India,26 and Pakistan30), and the
children were enrolled from medical clinics (pediatrics,
pulmonology, and allergy). In contrast, all but one37 of
the retrospective studies were based in otolaryngology
clinics, and all but one study1 were single-center studies.

The most common ascribed etiologies for chronic cough
in the prospective studies varied (Table 1). This is not
surprising, as the settings of these studies differed.
Nevertheless, common etiologies were asthma or
asthma-like conditions, protracted bacterial bronchitis
(PBB), and natural resolution (resolved without a
specific diagnosis). Upper airway cough syndrome
(UACS) or “postnasal drip” were common in only
two studies, and both were based in Turkey.22,31

Gastroesophageal reflux disease (GERD) was reported
as common in two studies5,27 that had substantial
limitations in study quality. However, among the
retrospective studies, GERD was common in two
studies.35,38 An etiology consistent with an infection was
common in three studies.35,36,38 Asthma (of various
different definitions) was a common etiology in three of
the retrospective studies.35,37,38 It should be noted,
however, that the diagnosis of asthma needs to be
considered in the context of its subjective nature and the
difficulty in diagnosing asthma in young children in
whom objective quantification cannot be obtained. For
example, in the Holinger35 paper, “cough-variant
asthma” and aberrant innominate artery were the most
common diagnoses in the 0- to 18-month age group.

The studies differed substantially in quality (eg, the
use of validated outcome measures of cough, a priori
definitions, and follow-up of children). Hence, the
findings have to be interpreted with caution.
Ascribing etiologies for cough has an inherent high
risk of bias related to the placebo and “period effects”
(the natural resolution of cough over time39) that is
evident in cough-related intervention studies.33 These
risks of bias can be reduced by limiting the time frame
in which “response to treatment” is considered33

when a randomized controlled trial (RCT) is not
undertaken.

Despite the limitations described, common etiologies in
children in the studies do not include chronic bronchitis
or idiopathic cough (ie, unexplained cough), which
are two conditions commonly found in adult-based
cohorts.11 Also, GERD is a commonly identified cause
of chronic cough in various US and UK adult-based
series11 but not in the prospective studies in our
systematic review of children (Table 1). Further, upper
airway/postnasal drip and GERD are controversial
causes of cough in children.40
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TABLE 1 ] Prospective Studies That Have Described Various Etiologies of Chronic Cough in Children
(Key Questions 1 and 2)

Study/Year Country Setting Method of Assessment Inclusion Criteria, Exclusion

No. Enrolled/
No. Completed/

Age

Asilsoy
et al22/
2008

Turkey Single center,
pediatric
outpatients

ACCP guideline14 > 4 wk cough
Exclusion: none reported

108/108
Mean ¼ 8.4 y
Range ¼ 6-14 y

Chang
et al1/
2012

Australia Multicenter,
Respiratory
outpatients

Modified ACCP14 and
TSANZ23 guidelines

Age < 18 y cough > 4 wk
duration, newly referred
Exclusion: chronic
respiratory illness

346/346
Mean ¼ 4.5 y,

SD, 3

Dani
et al26/
2002

India Single center,
pediatric
outpatients

Sequential routine
investigations: full blood count,
erythrocyte sedimentation
rate, Mantoux test, sputum,
throat swab, chest radiograph
Further investigations (eg, HIV,
CT imaging, bronchoscopy,
barium swallow) when indicated

Consecutive,
immune-competent,

age 1-12 y
Chronic cough > 3 wk,

unknown etiology
Exclusion: heart disease

94
Age NR

Gedik
et al34/
2015

Turkey Single center,
pediatric
or allergy
outpatients

ACCP guideline14 Age < 17 y, persistent
cough > 4 wk

Exclusion: known chronic
respiratory, neuromuscular,
growth, cardiac problems;
genetic syndromes;
prematurity

563/563
Follow-up: NR
Mean age ¼ 5.4 y,

SD, 3.8

Karabel
et al5/
2014

Turkey Single center,
respiratory
outpatients

ACCP guideline14 > 4 wk cough
Exclusion: neuromuscular,

cardiac, syndromes,
respiratory tract infection
last 4 wk

270/270
Mean ¼ 6.5 y
range ¼ 7 mo-17 y

Khoshoo
et al27/
2009

USA Single center,
pediatric
outpatients

Chest radiograph, bronchoscopy,
PFT with methacholine, sweat
test, pH- or impedence-metry,
skin testing, Ig levels Ohers also
had: Barium meal or swallow,
CT chest/sinus, laryngoscopy,
Mantoux test

> 8 wk cough, born full term,
neurodevelopmentally
normal, no smoke
exposure, no history
of febrile or respiratory
illness, no cardiac illness

Exclusion: asthma, RAD,
cystic fibrosis (unless able
to do PFT/airway
hyperreactivity)

40/40
Mean age ¼ 7.8 y

(range ¼ 5-12 y)

Marchant
et al28/
2006

Australia Single center,
respiratory
outpatients

Modified ACCP 199829 guideline > 3 wk cough,
age < 18 y,
newly referred
Exclusion: NR

108/103
Median ¼ 2.6 y
IQR ¼ 1.2-6.9

Rehman
et al30/
2009

Pakistan Single center,
pediatric
outpatients

Locally designed algorithm with
Mantoux test

Age 6-59 mo
> 4 wk cough
Exclusion: use of ACE

inhibitors

172/161
Summary NR

Usta
et al31/
2014

Turkey Single center,
pediatric allergy
outpatients

British Thoracic Society
guideline

Inclusion: NR
Exclusionb

156/156
Mean ¼ 8.4 y
SD, 2.6

Yilmaz
et al32/
2014

Turkey Single center,
pediatric
asthma,
allergy
outpatients

CHEST guidelines but evaluated
by allergists

skin prick test (house dust
mites, pollen, alternaria,
animal dander,
latex), full blood count

Age < 18 y, chronic cough
> 4 wk (nonspecific
isolated dry cough)

Exclusion: specific cough
pointer present, wet cough,
chest radiograph or PFT
results abnormal,
characteristic cough
pattern, chronic respiratory
illness, use of ICS, LTRA,
ACE inhibitor

119/109
Median ¼ 5 y
IQR, 3.5-9

(Continued)
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TABLE 1 ] (Continued)

Primary Outcome Used

Diagnoses
Defined A Priori;

Length of Follow-Up
Period Effect
Considereda

Top 3 Most Common
Diagnoses

Age or Setting Influence
(or Both) Described

Cough, unspecified Partial;
Follow-up not reported

Not specified Asthma/asthma-like n ¼ 27 (25%)
PBB ¼ 25 (23%)
UACS ¼ 22 (20%)

No

Cough resolution by
cough diary,24,c

PC-QOL25

Yes;
Follow-up maximum

12 mo for diagnosis
and 6 mo after diagnosis

Yes, 2 wk of
treatment

PBB ¼ 142 (41%)
Asthma ¼ 55 (16%)
Resolved without specific

diagnosis ¼ 48 (14%)

Common diagnoses
differed in age
groups and settings
(rural vs cities)

Diagnosis by history and
physical examination and
routine investigations

NR
Follow-up NR

No Asthma ¼ 35 (37%)
Tuberculosis
¼ 21 (22.3%) Pulmonary

eosinophilia ¼ 9 (9.5%)
Sinusitis ¼ 9 (9.5%)

No

Verbal category score Yes
Follow-up: 2 mo

after cough resolution

Yes Asthma ¼ 140 (25%)
Asthma-like ¼ 107 (19%)
PBB ¼ 67 (12%)

Yes for age: asthma
most common in
all ages; second most
common diagnosis:
PBB in young children,
psychogenic cough
in older children

Not described Partial;
Follow-up: 12 mo

Not specified Asthma ¼ 73 (27%)
Asthma-like ¼ 42 (15.5%)

GERD ¼ 27 (10%)

No

Visual analogue scale score
but success of treatment
undefined Only 1 group
(infection) had visual
analogue scale
improvement of $ 70%

Yes,
Follow-up: none

No GERD ¼ 11 (27.5%)
Asthma/cough variant
asthma ¼ 11 (27.5%)

Allergy ¼ 9 (22.5%)

No
Note: comparison

was made using
mean and SD,
although group
size ranged from 1-11

Cough diary24 Yes
Follow-up: maximum

12 mo for diagnosis,
after diagnosis NR

Yes, 2 wk of
treatment

PBB ¼ 43 (40%)
Resolved without specific

diagnosis ¼ 24 (22%)
Bronchiectasis ¼ 6 (5.6%)

No

Parents reporting—
unspecified

NR
Follow-up: until cough

resolved (maximum 18 mo)

No Asthma ¼ 61 (38%)
Postviral ¼ 21 (13%)

Tuberculosis ¼ 14 (9%)

No

Cough, unspecified Partial; Follow-up: maximum
18 mo for diagnosis,
After diagnosis, NR

Not specified Postnasal drip þ asthma ¼ 30 (19%)
Postnasal drip ¼ 29 (19%)

Asthma ¼ 19 (12%)
PBB ¼ 19 (12%)

No

Cough diary card Yes,
Follow-up: mean 21 mo
(SD, 5)

No Resolved without prescription ¼
23 (21%)

Rest were treated with ICS
for 2 wk: 24 (22%) responded,
62 (57%) partially responded

No

ACE ¼ angiotensin-converting enzyme; GERD ¼ gastroesophageal reflux disease; ICS ¼ inhaled corticosteroid; IQR ¼ interquartile range; LTRA ¼
leukotriene receptor antagonist; NR ¼ not reported; PBB ¼ protracted bacterial bronchitis; PC-QOL ¼ parent cough-specific quality of life; PFT ¼ pul-
monary function test; RAD ¼ reactive airway disease; TSANZ ¼ Thoracic Society of Australia and New Zealand; UACS ¼ upper airway cough syndrome.
(Modified with permission from Chang et al21 and Chang et al.6)
aPeriod effect considered, that is, use of “time to response”: the temporal relationship between use of medication and outcome was defined a priori.
b”Premature birth, neuromotor development retardation, developmental growth retardation, chest wall deformity, smoking habit, clubbing, cardiac
disease, any known chronic disease or pulmonary disease, or both, and those who could not cooperate in pulmonary function testing.”31
cImprovement of $ 75% or total resolution according to parental reports and cough diary data for $ 3 d.
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TABLE 2 ] Retrospective Studies That Have Described Various Etiologies of Chronic Cough in Children
(Key Questions 1 and 2)

Study/Year Country Setting Method of Assessment
Inclusion Criteria;

Exclusion
No. in Study,

Age

Cash
et al38/
2015

USA Single center,
otolaryngological
outpatients at
tertiary hospital

Clinical and investigational
based on clinical findings

Inclusion: chronic cough
(> 4 wk) identified
from medical records

Exclusion: NR

58,
mean age ¼ 5.1 y

(range ¼
2 wk-17 y)

Chan
et al37/
2007

Hong
Kong

Single center, pediatric
outpatients,
secondary hospital

Clinical discretion New referrals, > 4 wk cough
Exclusion: known chronic
respiratory disease

42,
mean age ¼ 5 y,

SD, 2.9

Holinger35/
1986

USA Single author’s practice,
otolaryngological
outpatients

Clinical, chest radiograph
and investigational
based on clinical
findings

Inclusion: troublesome
chronic cough (> 4 wk),
age < 16 y, normal
chest radiograph,
referred

Exclusion: NR

38, age range ¼
3 mo-15.75 y

Nation
et al36/
2014

USA Single center
Otolaryngological
outpatients

Adenoidectomy,
bronchoscopy,
esophagoscopy þ
biopsy, nasal
endoscopy þ
culture, biopsy of
osteomeatalcomplex

Presenting with chronic
cough (> 12 wk) with
nasal congestion,
rhinorrhea and
unresponsive to
first-line antibiotics
(length þ type not
specified)

63
0.5-5 y, n ¼ 18;

6-10 y, n ¼ 9

(Continued)
Although only one study1 specifically looked for
differences in etiologies among study settings, it is clear
that studies based in less affluent settings26,30 have
different common etiologies, with tuberculosis more
commonly reported. In the Indian-based study,26

pulmonary eosinophilia was also relatively common
(third most common etiology), and this is likely related
to GI parasites that are prevalent in such regions. A
cross-sectional study based in Iran41 that did not fulfill
the inclusion criteria for our systematic review (because
it focused on only one etiology) found that 25% of the
115 children with chronic cough had eosinophilia that
was likely linked to Toxocara infection. Other parasites
such as Strongyloides are also a common cause of
systemic and pulmonary eosinophilia in settings in
which parasites are endemic,42 reinforcing the
importance of the setting of the study.

The three studies (two prospective1,34 and one
retrospective35) that investigated the influence of age on
etiologies all suggested that common diagnoses were
different in younger children than in older children
(Table 1). Thus, when considering further investigation
of children in an attempt to determine the etiology of
chronic cough (ie, bronchoscopy or blood tests), it is
important to consider the age of the child as well as
etiologies that are common in the local context. These
data also support our previous recommendation8 on
using pediatric-based protocols.
612 Evidence-Based Medicine
As noted at the beginning of this paper, we chose the age
cutoff of 14 years a priori for pediatric analysis of the
cough data. Although the studies included in this
systematic review ranged up to 18 years, it remains
unclear what age threshold (12 years or 14 years) should
be used to stratify adult- vs child-based protocols. In the
field of cough, there are several reasons that underpin an
age cutoff for children vs adults. These include the many
physiological differences that influence etiological
factors, outcome measures, and investigatory tests
relevant to children compared with adults.43 There are
pediatric-specific, US-based guidelines for asthma,44

GERD,45 and interstitial lung disease (ILD),46,47 which
are all conditions associated with cough. The older
version of the ILD guideline46 does not specify the cutoff
age, but the more recent version47 specifies that the
pediatric guideline extends to 18 years of age.37 The
GERD45 guideline does not specify when adult-based
protocols should be used but refers to children aged
16 years.

In the case of asthma guidelines, there are various
age cutoffs used, and none of the guidelines provide
evidence regarding cutoff age. The British48 and US44

asthma guidelines recommend three different age-
specific stepwise protocols for children, with those aged
> 12 years being assigned to the adult protocol. In the
Australian guideline, child-specific protocols continue to
be applied to adolescents (no cutoff given). Although the
[ 1 5 2 # 3 CHES T S E P T EM B E R 2 0 1 7 ]



TABLE 2 ] (Continued)

Primary Outcome to
Define Cough

Diagnoses
Defined A Priori;
Follow-Up Length

Period Effect
Considereda

Top 3 Etiology Labels
Given by Study Authors

Age or Setting Influence
Described (or Both)

Clinician defined No;
Follow-up: NR

No Infection ¼ 34%
Airway hyperreactivity ¼ 25%
GERD ¼ 24%b

No

Undefined
parental report

No
Follow-up: 4-12 mo

No Allergic rhinitis ¼ 13
Asthma ¼ 12
Asthma þ allergic rhinitis ¼ 9

No

Clinician defined No
Follow-up:

mean ¼ 19.7 mo

No Cough variant asthma n ¼ 15
but 4 children also had airway
abnormalitiesa þ 1 psychogenic)

Sinusitis ¼ 6 (16%)
Aberrant innominate artery ¼ 5
Psychogenic ¼ 5 Unknown ¼ 5

Age influenced
frequency of
common diagnoses

Undefined No
Follow-up: NR

No Maxillary antral infection ¼ 26 (41%)
Maxillary antral infection þ

GERD ¼ 15 (24%)
GERD ¼ 12 (19%)
All negative ¼ 10 (16%)

Age effect: younger
children more
likely to have
either maxillary
antral infection
or GERD only

See Table 1 legend for expansion of abbreviations.
aSubglottic stenosis, aberrant innominate artery (thus tracheomalacia).
bMethod of diagnoses and labels given by authors are not conventional or in line with current standards. GERD diagnosed by clinical examination and
laryngoscopy; infection included upper respiratory tract infection, bronchiolitis, and UACS. Airway hyperreactivity included “asthma” and “reactive airway
disease” and in their chest radiographs, “small airway disease was evident.”
steps recommended for adults are the same as for
children as young as 5 years of age in the earlier Global
Initiative for Asthma guidelines,49 the latest version has
different protocols for children aged 5 to 12 years.50

Thus, based on this information, the upper age threshold
for child-specific cough protocols should be at least
12 years. At this point, without further data we
cannot validly conclude what the most valid age cutoff
should be.

The studies included in our systematic review have to be
interpreted in the context that most studies do have
potential flaws, including not defining how cough was
measured a priori or what constituted cough resolution
or was considered the period effect, or both (Tables 1, 2).
Many studies also lacked standardization of defining
cough outcomes, an important factor for study
quality.21,43 Thus, further high-quality studies using
validated tools,51 particularly in primary care settings,
are needed. This includes use of methods that take into
account the period effect and use of definitions a priori
for etiology and response using validated pediatric-
specific cough outcome measures such as the pediatric
cough-specific QoL (PC-QOL).25,52

Cough is a symptom that has a substantial period effect
when studied39 (ie, spontaneously improves with time)
and is associated with a placebo effect as high as 80%.53

When RCTs are not possible, strict methodological
chestjournal.org
criteria (particularly for assessing response to treatment)
needs to be applied. Furthermore, improvement criteria
need to be defined a priori, that is, how large a change
constitutes an “improvement in cough” as well as what is
considered “resolution of cough.” Also, a change in any
subjective score needs to be large enough to be clinically
relevant. Improvement (ie, reduction in cough) of
> 70% measured by subjective or objective studies54 for
a defined number of days (usually 2-3 days)28 has
generally been used in pediatric studies. The importance
of this lies in the fact that just by seeing a physician who
takes an interest in the child’s cough, the cough score
and QoL can improve even before treatment.55

Ascribing an etiology to the cough also needs to be
done a priori. Cough that improves months after an
intervention may be related to the period or placebo
effect, or both, rather than to the medication or
intervention given. When considering the period effect,
the time frame (ie, “time response”) should be defined a
priori and based on published RCTs and data. In most
circumstances, 2 to 3 weeks is the most appropriate time
frame for pediatric chronic cough studies, as noted in
systematic reviews.14

Based on the summary of studies (Table 1) and the
preceding information, and taking the findings of
previous pediatric recommendations,8,56 our
recommendations were formulated. Per previous
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TABLE 3 ] Studies That Have Described Chronic Cough and OSA in Children (Key Question 3)

Source/Year Country Setting Method
Inclusion Criteria;

Exclusion
No. in Study,

Age

Primary
Outcome to
Define Cough

Diagnoses
Defined A Priori;
Follow-Up Length Summary of Findings

Gurgel et al57/2008 USA Otolaryngology
and pediatrics,
hospital

Case report NA 2, age 2 y
and 5 y

Clinician
defined

NA Children with tonsils
impinging on
epiglottis; both with
chronic dry cough
that resolved after
tonsillectomy (time
frame not provided)

Lewis et al58/2000 USA Otolaryngology
and pediatrics,
hospital

Case report NA 1, age 10 y Clinician
defined

NA Child with 3-mo
history of dry
cough; 2 wk
following removal of
large lingual tonsils,
cough abated

Poachanukoon
et al59/2012

Thailand Single center
pediatric or
allergy
outpatients

Prospective
cross-
sectional
study

Age, 1-5 y,
clinical
diagnosis of
rhinosinusitis

Exclusion: Not
reported

154
Mean age ¼

4.9 y, SD,
3.3

Undefined No
Follow-up:

Not described

Some children
(undefined) with
cough also had
sleep apnea; no
difference found
between acute (10
d-4 wk) and chronic
(> 4 wk)

Teoh et al60/2011 Australia Cochrane
Database

Systematic
review

Inclusion: RCTs NA NA NA No studies found

Teng and
Sullivan61/1997

Australia Sleep laboratory,
hospital

Case report NA 1, age 3 y Clinician
defined

NA Child with 2-y history
of snoring and 1-y
history of chronic
nocturnal dry cough
treated with CPAP

NA ¼ not available; RCTs ¼ randomized controlled trials.
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recommendations,8,56 these recommendations address
children aged < 14 years but exclude premature infants
and neonates. In premature infants and neonates,
respiratory illnesses are much more likely to manifest as
tachypnea or dyspnea or hypoxemia (or both) and rarely
by chronic cough. The previous recommendations8

included (1) using pediatric-specific cough management
protocols or algorithms and (2) basing the management
on the etiology of the cough. An empirical approach
aimed at treating upper airway cough syndrome due to a
rhinosinus condition, GERD, asthma, or a combination,
should not be used unless other features consistent
with these conditions are present. The findings of this
systematic review consolidate previous CHEST guideline
recommendations.8

1. Recommendations/Suggestions For children
aged £ 14 years, we recommend that common
etiologies of chronic cough in adults are not presumed
to be common causes in children (Level 1B).

2. For children aged £ 14 years with chronic cough, we
recommend that their age and the clinical settings
(eg, country and region) are taken into consideration
when evaluating and managing their chronic cough
(Level 1B).

3. For children aged £ 14 years with chronic cough, we
suggest that clinical studies aimed at evaluating cough
etiologies use validated cough outcomes, a priori
define response and diagnosis, take into the period
effect, and undertake a period of follow-up (Ungraded
consensus-based statement).
KQ 3: Summary of Evidence and Interpretation

Only five publications (Table 3,57-61 e-Fig 2) were
included in KQ3’s systematic review. In this systematic
review, we included case reports given the scarcity of
data. Of the five studies, one was a Cochrane systematic
review60 that found no RCTs. Two papers were case
reports58,61: one was a report on two children57 and
the remaining paper was a cross-sectional association
study59 showing that sleep apnea and cough were more
common in the chronic rhinosinusitis group. Thus,
there are scarce data on the relationship between chronic
cough and obstructive sleep disorders in children. One
study59 of children with rhinosinusitis described cough
being wet, but the rest of the studies reported that the
cough was dry. Given that infection is often found in
children with rhinosinusitis,36 it is possible that the
cough in these children is concurrent with PBB.
chestjournal.org
4. Recommendations/Suggestions For children
aged £ 14 years with chronic cough and suspected of
having OSA, we suggest that they are managed in
accordance with sleep guidelines (ungraded consensus-
based statement).

Areas for Further Research

To advance and improve knowledge regarding the
delineation of common causes of chronic cough in
children, suggested areas of research include the
following:

1. Undertaking multicenter cohort studies in various
clinical settings (community and hospital, rural/
remote vs urban) and countries, which include chil-
dren of different ages, with consideration of stratifi-
cation by age. The studies should use validated cough
outcomes and a priori definitions and consider the
period effect.

2. Determining whether cough is related to OSA using
an RCT design in which validated subjective data
(including QoL and cough diaries) are supported by
objective data (such as cough frequency).
Conclusions

There is moderate-quality evidence that common
etiologies of chronic cough in children are different from
those in adults and are dependent on age and setting.
Thus, the panel recommended that for children
aged# 14 years (1) common etiologies of chronic cough
in adults are not presumed to be common causes in
children and (2) their age and the clinical settings
(eg, country and region) should be taken into
consideration when evaluating and managing the
chronic cough. However, there were few data relating
OSA to chronic cough in children. Thus, the panel
suggested that these children be managed in accordance
with pediatric sleep guidelines.
Acknowledgments
Financial/nonfinancial disclosures: The authors have reported to
CHEST the following: A. B. C. was an author of several of the papers
included in this review, is an author and reviewer for Up to Date, was
on the data safety monitoring board for a vaccine study (Glaxo), and
has been an advisor for the study design of an unlicensed product
(Merck). J. J. O. is on the Board of Directors for the American Board of
Allergy and Immunology, is associate editor for the Annals of Allergy
Watch, has been a reviewer for Up to Date, and has performed clinical
research for Boehringer Ingelheim, Astra Zeneca, Glaxo, Medimmune
and Novartis. B. K. R. is a member of scientific advisory boards for
Merk and Quvium UK, Ltd. None declared (M. M. W., G. C. C., R. S.
I.). Moreover, while RSI is the Editor in Chief of CHEST, the review
and all editorial decisions regarding this manuscript were
independently made by others.
615

http://chestjournal.org


Other contributions: We are grateful to Nancy Harger, MLS, and
Judy Nordberg, MLS, Education and Clinical Services Librarians
working in the University of Massachusetts Medical School Library
in Worcester, MA, who undertook all the searches for these
systematic reviews.

Role of sponsors: CHEST was the sole supporter of these guidelines,
this article, and the innovations addressed within.

Collaborators: Kenneth W. Altman, MD, PhD (Baylor College of
Medicine, Houston, TX), Elie Azoulay, MD, PhD (University of
Paris, Paris, France), Alan F. Barker, MD (Oregon Health & Science
University, Portland, OR), Surinder S. Birring, MBChB, MD
(Division of Asthma, Allergy and Lung Biology, King’s College
London, Denmark Hill, London, United Kingdom), Fiona Blackhall,
MD, PhD (University of Manchester, Department of Medical
Oncology, Manchester, England), Donald C. Bolser, PhD (College of
Veterinary Medicine, University of Florida, Gainesville, FL),
hristopher Brightling, MBBS, PhD, FCCP (University of Leicester,
Glenfield Hospital, Leicester, United Kingdom), Priscilla Callahan-
Lyon, MD (Adamstown, MD), Anne B. Chang, MBBS, PhD, MPH
(Royal Children’s Hospital, Queensland, Australia), Paul Davenport,
PhD (Department of Physiological Sciences, University of Florida,
Gainesville, FL), Satoru Ebihara, MD, PhD (Department of
Rehabilitation Medicine, Toho University School of Medicine,
Tokyo, Japan), Ali A. El Solh, MD, MPH (University at Buffalo,
State University of New York, Buffalo, NY), Patricio Escalante, MD,
MSc, FCCP (Mayo Clinic, Rochester, MN), Stephen K. Field, MD
(University of Calgary, Calgary, AB, Canada), Dina Fisher, MD, MSc
(University of Calgary, Respiratory Medicine, Calgary, AB, Canada),
Cynthia T. French, PhD, FCCP (UMass Memorial Medical Center,
Worcester, MA), Susan M. Harding, MD, FCCP (Division of
Pulmonary, Allergy and Critical Care Medicine, Peter Gibson,
MBBS (Hunter Medical Research Institute, New South Wales,
Australia), Philip Gold, MD, MACP, FCCP (Loma Linda University,
Loma Linda, CA), Anthony Harnden, MB ChB, MSc (University of
Oxford, Oxford, England), Adam T. Hill, MB ChB, MD (Royal
Infirmary and University of Edinburgh, Edinburgh, Scotland),
Richard S. Irwin, MD, Master FCCP (UMass Memorial Medical
Center, Worcester, MA), Joanne Kavanagh, MBChB, (Division of
Asthma, Allergy and Lung Biology, King’s College London,
Denmark Hill, London, United Kingdom), Karina A. Keogh, MD
(Mayo Clinic, Rochester, MN), Kefang Lai, MD, PhD (First
Affiliated Hospital of Guangzhou Medical College, Guangzhou,
China), Andrew P. Lane, MD (Johns Hopkins University School of
Medicine, Baltimore, MD), J. Mark Madison, MD, FCCP, (UMass
Memorial Medical Center, Worcester, MA), Mark A. Malesker,
PharmD, FCCP (Creighton University School of Pharmacy and
Health Professions, Omaha, NE), Stuart Mazzone, PhD, FCCP
(University of Queensland, Queensland, Australia), Alex
Molassoitis, PhD, MSc, RN (Hong Kong Polytechnic University,
Hong Kong, China, M. Hassan Murad, MD, MPH (Mayo Clinic,
Rochester, MN), Mangala Narasimhan, DO, FCCP (Hofstra-
Northwell Health, Manhasset, NY), Huong Q. Nguyen, PhD, RN
(Kaiser Permanente, Pasadena, CA), Peter Newcombe, PhD
(School of Psychology University of Queensland, Queensland,
Australia), John Oppenheimer, MD (UMDNJ-Rutgers University),
Marcos I. Restrepo, MD, MSc, FCCP (South Texas Veterans Health
Care System, San Antonio), Mark Rosen, MD, Master FCCP (Icahn
School of Medicine at Mount Sinai, New York, NY), Bruce Rubin,
MEngr, MD, MBA (Virginia Commonwealth University, Richmond,
VA), Jay H. Ryu, MD, FCCP (Mayo Clinic, Rochester, MN), Susan
M. Tarlo, MBBS, FCCP (Toronto Western Hospital, Toronto, ON,
Canada), Julie Turmel, PhD (Quebec Heart and Lung Institute,
Laval University, Quebec), Anne E. Vertigan, PhD, MBA, BAppSc
(SpPath) (John Hunter Hospital, New South Wales, Australia),
Miles Weinberger, MD, FCCP (University of Iowa Hospitals and
Clinics, Iowa City, IA), Kelly Weir, BSpThy, MSpPath, PhD, CPSP
(Menzies Health Institute Queensland/Griffith and Gold Coast,
Australia).

Additional information: The e-Appendix and e-Figures can be found
in the Supplemental Material section of the online article.
616 Evidence-Based Medicine
References
1. Chang AB, Robertson CF, van Asperen PP, et al. A multi-centre

study on chronic cough in children: burden and etiologies based on a
standardized management pathway. Chest. 2012;142(4):943-950.

2. Marchant JM, Newcombe PA, Juniper EF, et al. What is the burden
of chronic cough for families? Chest. 2008;134(2):303-309.

3. Thomson F, Masters IB, Chang AB. Persistent cough in children—
overuse of medications. J Paediatr Child Health. 2002;38(6):578-581.

4. Chang AB, Robertson CF, van Asperen PP, et al. A cough algorithm
for chronic cough in children: a multicentre, randomized controlled
study. Pediatrics. 2013;131(5):e1576-e1583.

5. Karabel M, Kelekci S, Karabel D, et al. The evaluation of children
with prolonged cough accompanied by American College of Chest
Physicians guidelines. Clin Respir J. 2014;8(2):152-159.

6. Chang AB, Oppenheimer JJ, Weinberger MM, et al. Use of
management pathways or algorithms in children with chronic
cough: systematic reviews. Chest. 2016;149(1):106-119.

7. McCallum GB, Bailey EJ, Morris PS, et al. Clinical pathways for
chronic cough in children. Cochrane Database Syst Rev. 2014;9:
CD006595.

8. Chang AB, Oppenheimer JJ, Weinberger MM, et al. Use of
management pathways or algorithms in children with chronic
cough: CHEST Guideline and Expert Panel Report. Chest.
2017;151(4):875-883.

9. Chang AB, Gibson PG, Willis C, et al. Do gender and atopy
influence cough outcome measurements in children? Chest.
2011;140(2):324-330.

10. Chang AB, Widdicombe JG. Cough throughout life: children, adults
and the senile. Pulm Pharmacol Ther. 2006;20(4):371-382.

11. Niimi A. Geography and cough aetiology. Pulm Pharmacol Ther.
2007;20(4):383-387.

12. Chung KF, Pavord ID. Prevalence, pathogenesis, and causes of
chronic cough. Lancet. 2008;371(9621):1364-1374.

13. Irwin RS, Baumann MH, Bolser DC, et al. Diagnosis and
management of cough executive summary: ACCP evidence-based
clinical practice guidelines. Chest. 2006;129(1 suppl):1S-23S.

14. Chang AB, Glomb WB. Guidelines for evaluating chronic cough in
pediatrics: ACCP evidence-based clinical practice guidelines. Chest.
2006;129(1 suppl):260S-283S.

15. Sundar KM, Daly SE, Pearce MJ, et al. Chronic cough and
obstructive sleep apnea in a community-based pulmonary practice.
Cough. 2010;6(1):2.

16. Lewis SZ, Diekemper RL, French CT, et al. Methodologies for the
development of the management of cough: CHEST guideline and
expert panel report. Chest. 2014;146(5):1395-1402.

17. Kompare M, Weinberger M. Protracted bacterial bronchitis in young
children: association with airway malacia. J Pediatr. 2012;160(1):
88-92.

18. Carter ER, Debley JS, Redding GR. Chronic productive cough in
school children: prevalence and associations with asthma and
environmental tobacco smoke exposure. Cough. 2006;2:11.

19. Spengler JD, Jaakkola JJ, Parise H, et al. Housing characteristics and
children’s respiratory health in the Russian Federation. Am J Public
Health. 2004;94(4):657-662.

20. Hallander HO, Gnarpe J, Gnarpe H, et al. Bordetella pertussis,
Bordetella parapertussis, Mycoplasma pneumoniae, Chlamydia
pneumoniae and persistent cough in children. Scand J Infect Dis.
1999;31(3):281-286.

21. Chang AB, Oppenheimer JJ, Weinberger MM, et al. Children with
chronic wet or productive cough -treatment and investigations: a
systematic review. Chest. 2016;149(1):120-142.

22. Asilsoy S, Bayram E, Agin H, et al. Evaluation of chronic cough in
children. Chest. 2008;134(6):1122-1128.

23. Chang AB, Landau LI, van Asperen PP, et al. The Thoracic Society
of Australia and New Zealand. Position statement. Cough in
[ 1 5 2 # 3 CHES T S E P T EM B E R 2 0 1 7 ]

http://refhub.elsevier.com/S0012-3692(17)31073-5/sref1
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref1
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref1
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref2
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref2
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref3
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref3
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref4
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref4
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref4
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref5
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref5
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref5
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref6
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref6
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref6
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref7
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref7
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref7
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref8
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref8
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref8
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref8
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref9
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref9
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref9
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref10
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref10
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref11
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref11
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref12
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref12
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref13
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref13
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref13
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref14
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref14
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref14
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref15
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref15
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref15
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref16
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref16
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref16
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref17
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref17
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref17
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref18
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref18
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref18
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref19
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref19
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref19
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref20
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref20
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref20
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref20
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref21
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref21
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref21
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref22
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref22
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref23
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref23


children: definitions and clinical evaluation.Med J Aust. 2006;184(8):
398-403.

24. Chang AB, Newman RG, Carlin J, et al. Subjective scoring of cough
in children: parent-completed vs child-completed diary cards vs an
objective method. Eur Respir J. 1998;11(2):462-466.

25. Newcombe PA, Sheffield JK, Juniper EF, et al. Development of a
parent-proxy quality-of-life chronic cough-specific questionnaire:
clinical impact vs psychometric evaluations. Chest. 2008;133(2):
386-395.

26. Dani VS, Mogre SS, Saoji R. Evaluation of chronic cough in children:
clinical and diagnostic spectrum and outcome of specific therapy.
Indian Pediatr. 2002;39(1):63-69.

27. Khoshoo V, Edell D, Mohnot S, et al. Associated factors in children
with chronic cough. Chest. 2009;136(3):811-815.

28. Marchant JM, Masters IB, Taylor SM, et al. Evaluation and outcome
of young children with chronic cough. Chest. 2006;129(5):1132-1141.

29. Irwin RS, Boulet LP, Cloutier MM, et al. Managing cough as a
defense mechanism and as a symptom. A consensus panel report of
the American College of Chest Physicians. Chest. 1998;114(2 Suppl
Managing):133S-181S.

30. Rehman A, Waraich MM, Ullah I. Algorithm for the diagnosis of
chronic cough in children 6 to 59-months. Pak Paed J. 2009;33(1):
30-38.

31. Usta GB, Asilsoy S, Durmaz C. The assessment and management of
chronic cough in children according to the British Thoracic Society
guidelines: descriptive, prospective, clinical trial. Clin Respir J.
2014;8(3):330-337.

32. Yilmaz O, Bakirtas A, Ertoy Karagol HI, et al. Children with chronic
nonspecific isolated cough. Chest. 2014;145(6):1279-1285.

33. Chang AB. Therapy for cough: where does it fall short? Expert Rev
Respir Med. 2011;5:503-513.

34. Gedik AH, Cakir E, Torun E, et al. Evaluation of 563 children with
chronic cough accompanied by a new clinical algorithm. Ital J
Pediatr. 2015;41:73.

35. Holinger LD. Chronic cough in infants and children. Laryngoscope.
1986;96:316-322.

36. Nation J, Kaufman M, Allen M, et al. Incidence of gastroesophageal
reflux disease and positive maxillary antral cultures in children with
symptoms of chronic rhinosinusitis. Int J Pediatr Otorhinolaryngol.
2014;78(2):218-222.

37. Chan EYT, Ng DKK, Chan CH, et al. Chronic cough in children: a
retrospective review. HK J Paediatr. 2007;12(1):22-26.

38. Cash H, Trosman S, Abelson T, et al. Chronic cough in children.
JAMA Otolaryngol Head Neck Surg. 2015;141(5):417-423.

39. Evald T, Munch EP, Kok-Jensen A. Chronic non-asthmatic cough is
not affected by inhaled beclomethasone dipropionate. A controlled
double blind clinical trial. Allergy. 1989;44(7):510-514.

40. Weinberger M, Fischer A. Differential diagnosis of chronic cough in
children. Allergy Asthma Proc. 2014;35(2):95-103.

41. Alavi SM, Sefidgaran G. Frequency of anti Toxocara antibodies in
schoolchildren with chronic cough and eosinophilia in Ahwaz, Iran,
2006. Pak J Med Sci. 2008;24(3):360-363.

42. Vijayan VK. Tropical pulmonary eosinophilia: pathogenesis,
diagnosis and management. Curr Opin Pulm Med. 2007;13(5):
428-433.

43. Chang AB. Pediatric cough: children are not miniature adults. Lung.
2010;188(suppl 1):S33-S40.

44. US Department of Health and Human Services. National Asthma
Education and Prevention Program. Guidelines for the Diagnosis
chestjournal.org
and Management of Asthma. Expert Panel Report 3. Bethesda, MD:
National Heart, Lung, and Blood Institute; 2007. NIH Publication
No. 08-5846.

45. Vandenplas Y, Rudolph CD, Di LC, et al. Pediatric gastroesophageal
reflux clinical practice guidelines: joint recommendations of the
North American Society for Pediatric Gastroenterology, Hepatology,
and Nutrition (NASPGHAN) and the European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition (ESPGHAN). J Pediatr
Gastroenterol Nutr. 2009;49(4):498-547.

46. Vece TJ, Fan LL. Diagnosis and management of diffuse lung disease
in children. Paediatr Respir Rev. 2011;12(4):238-242.

47. Fan LL, Dishop MK, Galambos C, et al. Diffuse lung disease in
biopsied children 2 to 18 years of age. Application of the chILD
classification scheme. Ann Am Thorac Soc. 2015;12(10):1498-1505.

48. British Thoracic Society. British guideline on the management of
asthma. An national clinical guideline. 2011. www sign ac uk/
guidelines/fulltext/101/index html 2011. Accessed January 23, 2016.

49. GINA. Pocket guide for asthma management and prevention.
Global Initiative for Asthma, 2010.

50. GINA. Pocket guide for asthma management and prevention. A
pocket guideline for health professionals. Updated 2016. Global
Initiative for Asthma 2016. http://ginasthma.org/wp-content/
uploads/2016/05/WMS-GINA-2016-main-Pocket-Guide.pdf.
Accessed July 18, 2017.

51. Boulet L, Coeytaux RR, McCrory DC, et al. Tools for assessing
outcomes in studies of chronic cough: CHEST guideline and expert
panel report. Chest. 2015;147(3):804-814.

52. Newcombe PA, Sheffield JK, Chang AB. Parent cough-specific
quality of life: development and validation of a short form. J Allergy
Clin Immunol. 2013;131(4):1069-1074.

53. Eccles R. The powerful placebo in cough studies? Pulm Pharmacol
Ther. 2002;15(3):303-308.

54. Chang AB, Phelan PD, Carlin J, et al. Randomised controlled trial of
inhaled salbutamol and beclomethasone for recurrent cough. Arch
Dis Child. 1998;79(1):6-11.

55. Marchant JM, Newcombe PA, Juniper EF, Sheffield JK, Stathis SL,
Chang AB. Chronic cough in children and its burden on parents.
Chest. 2008;134(2):303-309.

56. Chang AB, Oppenheimer JJ, Weinberger MM, et al. Management of
children with chronic wet cough and protracted bacterial bronchitis:
CHEST Guideline and Expert Panel Report. Chest. 2017;151(4):
884-890.

57. Gurgel RK, Brookes JT, Weinberger MM, et al. Chronic cough and
tonsillar hypertrophy: a case series. Pediatr Pulmonol. 2008;43(11):
1147-1149.

58. Lewis M, McClay JE, Schochet P. Lingual tonsillectomy for
refractory paroxysmal cough. Int J Pediatr Otorhinolaryngol.
2000;53(1):63-66.

59. Poachanukoon O, Nanthapisal S, Chaumrattanakul U. Pediatric
acute and chronic rhinosinusitis: comparison of clinical
characteristics and outcome of treatment. Asian Pac J Allergy
Immunol. 2012;30(2):146-151.

60. Teoh L, Hurwitz M, Acworth JP, et al. Treatment of obstructive sleep
apnoea for chronic cough in children. Cochrane Database Syst Rev.
2011;(4):CD008182.

61. Teng AY, Sullivan CE. Nasal mask continuous positive airway
pressure in the treatment of chronic nocturnal cough in a young
child. Respirology. 1997;2(2):131-134.
617

http://refhub.elsevier.com/S0012-3692(17)31073-5/sref23
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref23
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref24
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref24
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref24
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref25
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref25
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref25
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref25
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref26
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref26
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref26
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref27
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref27
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref28
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref28
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref29
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref29
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref29
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref29
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref30
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref30
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref30
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref31
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref31
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref31
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref31
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref32
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref32
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref33
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref33
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref34
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref34
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref34
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref35
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref35
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref36
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref36
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref36
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref36
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref37
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref37
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref38
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref38
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref39
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref39
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref39
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref40
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref40
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref41
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref41
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref41
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref42
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref42
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref42
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref43
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref43
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref44
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref44
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref44
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref44
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref44
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref45
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref45
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref45
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref45
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref45
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref45
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref46
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref46
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref47
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref47
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref47
http://ginasthma.org/wp-content/uploads/2016/05/WMS-GINA-2016-main-Pocket-Guide.pdf
http://ginasthma.org/wp-content/uploads/2016/05/WMS-GINA-2016-main-Pocket-Guide.pdf
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref51
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref51
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref51
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref52
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref52
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref52
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref53
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref53
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref54
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref54
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref54
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref55
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref55
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref55
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref56
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref56
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref56
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref56
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref57
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref57
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref57
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref58
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref58
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref58
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref59
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref59
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref59
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref59
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref60
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref60
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref60
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref61
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref61
http://refhub.elsevier.com/S0012-3692(17)31073-5/sref61
http://chestjournal.org

	Etiologies of Chronic Cough in Pediatric Cohorts
	Summary of Recommendations and Suggestions
	Methods
	Study Identification and Eligibility Criteria
	Data Extraction and Quality Assessment
	Recommendation Framework

	Results
	KQs 1 and 2: Summary of Evidence and Interpretation
	KQ 3: Summary of Evidence and Interpretation
	Areas for Further Research
	Conclusions

	Acknowledgments
	References


