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Abstract

Objectives Given the lack of validated patient-reported outcomes (PRO) instruments assessing cold symptoms, a new pedi-
atric PRO instrument was developed to assess multiple cold symptoms: the Child Cold Symptom Questionnaire (CCSQ).
The objective of this research was to evaluate the measurement properties of the CCSQ.

Methods This observational study involved daily completion of the self-report CCSQ by children aged 611 years in their
home for 7 days. These data were used to develop a scoring algorithm and item-scale structure and evaluate the psychomet-
ric properties of the resulting scores. Analyses included evaluation of item and dimensionality performance (item response
distributions and confirmatory factor analysis) and assessment of test—retest reliability in stable patients, construct validity
(convergent and known groups validity), and preliminary responsiveness. Qualitative exit interviews in a subgroup of the
children with colds and their parents were conducted.

Results More than 90% of children had no missing data during the testing period, reflecting an excellent completion rate. For
most items, responses were distributed across the options, with approximately normal distributions. Test-retest reliability
was adequate, with intra-class correlation coefficients ranging from 0.63 to 0.83. A logical pattern of correlations with the
validated Strep-PRO instrument provided evidence supporting convergent validity. Single- and multi-item symptom scores
distinguished between children who differed in their cold severity based on global ratings, providing evidence of known
groups validity. Preliminary evidence indicates the CCSQ is responsive to changes over time.

Conclusions The findings demonstrate that the CCSQ items and multi-item scores provide valid and reliable patient-reported
measures of cold symptoms in children aged 611 years. They provide strong evidence supporting the validity of these items
and multi-item scores for inclusion as endpoints in clinical trials to evaluate the efficacy of cold medicines.
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1 Introduction

The common cold, an upper respiratory tract infection (URI),
is the most common acute illness in the United States (US)
among both pediatric and adult populations, leading to more
doctor visits and loss of work than any other illness [1, 2].
Over-the-counter (OTC) cough and cold medications are
marketed widely for relief of common cold symptoms and
are “Generally Recognized as Safe and Effective” (GRASE)
under the OTC monograph system (Title 21 of the Code of
Federal Regulations, Part 341). While data demonstrate the
efficacy of these products in adults, they are inconclusive in
children, likely due in part to difficulties evaluating common
cold symptom severity and changes over time in a young age
group [3].

Patient-reported outcomes (PRO) measures of symptoms
and associated quality of life for upper respiratory infec-
tions in adults have been developed, such as the InFLU-
enza Patient-Reported Outcome (FLU-PRO®) [4-7], the
Influenza Intensity and Impact Questionnaire (R-11Q™/
FluiiQ™) [8], and the Wisconsin Upper Respiratory Symp-
tom Survey (WURSS-21). Similarly, clinician- and parent/
caregiver-report measures exist for use in infants, such as
the ReSVinet [9, 10] and the Pediatric RSV Severity and
Outcome Rating Scales (PRESORS) [11]. The only instru-
ment developed specifically for use in 6- to 11-year-olds
is the Canadian Acute Respiratory Illness and Flu Scale
(CARDIFS), which is a parent/caregiver report. Given
the lack of existing self-report instruments assessing cold
symptoms in children aged 6-11 years that meet the Food
and Drug Administration’s (FDA’s) PRO Guidance for
Industry [12], a new pediatric PRO instrument was devel-
oped to assess multiple cold symptoms (nasal congestion,
runny nose, pain [including headache, sinus pain/pressure,
body aches/muscle aches, and sore throat], chest conges-
tion, and cough): the Child Cold Symptom Questionnaire
(CCSQ). The aim was to create a PRO instrument that
could support symptom-specific endpoints in clinical trials
to assess the efficacy of cold medicines in children aged
6—11 years. The PRO development was supported by exten-
sive qualitative research with both children and parents,
including concept elicitation and cognitive debriefing activ-
ities to test alternative wordings of various symptom items
and recall periods, and provide evidence of content validity
[13]. Following that qualitative research, this article reports
results of an observational study to develop scoring, with
possible item deletion, and to evaluate the psychometric
measurement properties for the CCSQ.
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2 Methods
2.1 Study Design

This was a multiple-center, observational, non-interventional
study in which PRO data were collected from children in
four cities in the US: Philadelphia, St Louis, Chicago, and
St. Paul. An overview of the study is provided in Fig. 1.

2.2 Sample and Recruitment

A sample of 200 children aged 6—11 years was targeted:
150 who were experiencing cold symptoms (“cold eligible
sample”) and 50 healthy controls who were not (“control
eligible sample”). Psychometrics do not simply rely on
inferential statistics but imply the simultaneous consid-
eration of multiple aspects generally based (at least in the
context of classical test theory used in this paper) on the
magnitude of association between variables using corre-
lations. Hence, no formal calculation of sample size can
be determined. Instead, sample sizes are defined to allow
robust results to be obtained. When factor analyses are
involved, a typical rule of thumb is that the ratio of indi-
viduals (participants) to variables (PRO items) is between
5 and 10 [14]. As the CCSQ included 32 items (for morn-
ing and evening completion), a minimum sample of 150
children with colds was targeted. The control group (chil-
dren without colds) was included to allow the scores of
children with colds to be compared with those without
colds. It was decided that a sample of 50 children with no
cold should be adequate to allow the scores to be reliably
estimated in this subgroup and the comparison to be valid.

The sample was recruited and enrolled by a special-
ist patient recruitment agency (Global Market Research
Group [GMRG]). A GMRG researcher confirmed that the
child met initial inclusion/exclusion criteria through tel-
ephone screening with parent/caregivers, after which the
parent/caregiver and child were invited to attend further
screening at a research facility at visit 1. An approximately
even distribution of male and female participants and chil-
dren aged 6-8 years and 9-11 years was targeted. Diag-
nosis of cold symptoms was not confirmed by a clinician
since most parents do not take a child with the common
cold to the doctor. Instead, a parent-completed checklist
was initially completed by telephone to identify the symp-
toms the child was currently experiencing to determine
eligibility for enrollment. Those symptoms were further
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Fig. 1 An overview of the study

Telephone screening:
Telephone screening with parents of potential participants
to determine if child meets study eligibility (symptom
checklist, cold severity) & quotas

L1

Visit 1:
Further screening at research site visit to determine if child/parent meet study
entry criteria (inclusion/exclusion); training of eligible children and parents on
how to complete the Child Cold Symptom Questionnaire & parent training for
Parent Daily Questionnaire

:

Pilot-testing home completion:
Participants take questionnaires home and
complete for 7 days

Exit interviews
Exit interviews with subgroup of 20
child/parent dyads from with cold
group about home completion of PRO

i

Visit 2:
- Parents meet with interviewer to hand back the completed
child and parent questionnaires and surveys

confirmed by the child completing a checklist (without
help from the parent) at visit 1.

Participants were required to be in the typical or higher
school grade for their age group and reading at an appro-
priate level for their age. The child’s parent/caregiver had
to be one of the child’s primary caregivers who could
observe the child daily and answer the parent study ques-
tions. Exclusion criteria included known allergies (allergic
rhinitis/hay fever) and/or asthma; treatment with antibiot-
ics; or difficulty completing a cold symptom checklist at
visit 1 (without help from the parent/caregiver). Child/
parent dyads who met the inclusion/exclusion criteria were
asked to answer the PRO questions twice a day for 7 days.

Cold eligible sample Visit 1 at the research facility was
scheduled no more than 4 days following the onset of cold
symptoms. A symptom checklist (not the CCSQ) was used
to screen children into the study. This checklist included nine
cold symptoms, which the child rated on a response scale of
“not at all,” “a tiny bit,” “a little,” “some,” and “a lot.” To be
included in the cold eligible sample, the child had to choose
a response of at least “some” for at least one of the nasal
symptoms (stuffy nose or runny nose) and at least “a little”
for one pain symptom and one other symptom.

B

Psychometric analyses of data collected
from home completion

8

Finalization of Child Cold Symptom

Questionnaire self-report PRO
instrument

Control eligible sample Children were excluded from
the control sample if they had had a common cold in the
14 days preceding enrollment. Control participants had
to choose a response of “not at all” or “a tiny bit” for
all items on the symptom checklist and “a tiny bit” for a
maximum of two items.

While the child completed the symptom checklist at
visit 1, the recruiter assessed whether the child was able
to read, understand, and complete the checklist indepen-
dently or with minimal support. If not able, the child was
deemed a screen failure. If a child/parent dyad was suc-
cessful in meeting study criteria, the child was trained on
how to complete the CCSQ and the parent was trained
on how to complete the Parent Daily Questionnaire. They
were then asked to answer daily questions contained in the
child and parent booklets at home over the next 7 days. A
date was arranged for the parent to return the completed
booklets at the facility (visit 2). Children and parent/car-
egivers received monetary compensation for their time to
participate in the study or, if deemed ineligible, a smaller
amount for the screening visit. The children were com-
pensated with $75 and the parent/caregivers were com-
pensated with $100. If the parent and child participated
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in an exit interview, then the child received an additional
$10 and the parent received an additional $20. If the child
attended visit 1 but was not eligible, the child received $10
and the parent $25.

2.3 Ethics

The study was conducted in accordance with the Declaration
of Helsinki and approved by Copernicus, an independent
review board (IRB) in the US (IRB approval #MAP2-11-
470). Written informed consent was obtained from a par-
ent/guardian of all children who participated in the study

Fig.2 Example items showing M7, From when
response scales and symptom
illustrations © Johnson &

Johnson
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Mot at all

ME. From when

how much did it hurt to swallow?

and written and verbal assent was obtained from all of the
children.

2.4 Study Assessments

CCSQ This new, child-completed cold symptom question-
naire consisted of a set of 32 daily items; 15 items com-
pleted first thing in the morning and 17 completed in the
evening before bed for 7 days [13]. An example is provided
in Fig. 2, and the whole instrument is provided in the Sup-
plemental File A (see the electronic supplementary mate-
rial). All items have a 5-point, verbal-descriptor response

you woke up this morning until now,
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A tiny bit A little Some

you woke up this morning until now,

how bad was your headache?
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scale, scored from O to 4, that is represented pictorially
with either circles of increasing size or boxes of increasing
filled volume. Each question is associated with an illustra-
tion of a gender-neutral child without an emotional expres-
sion on which the location of the symptom being evaluated
is shaded blue.

The questions assess the severity of eight cold symp-
toms of interest (nasal congestion [stuffy nose], runny
nose, sinus pain/pressure, headaches, body/muscle aches,
sore throat, cough, and chest congestion). All items had
recall periods of less than 24 h, but the specific wording
varied between items to allow the validity and reliability
of various recall periods to be evaluated, allowing the opti-
mal recall periods for each symptom to be chosen in the
future. Recall periods tested in the morning items included
“right now,” “this morning,” “from when you woke up this
morning until now,” and “last night in bed.” The recall
periods tested in the evening items included “right now,”
“this evening,” and “for all of today.” The questions were
completed with pen on paper booklets, and the illustrations
helped clarify what symptom the child should be thinking
of for each question.

Other patient- and observer (parent)-reported outcome
measures were administered to support the validation of the
new instrument, which are detailed below.

e Strep-PRO The Strep-PRO is a seven-item questionnaire
developed to assess the symptoms of Group A strepto-
coccus (GAS) pharyngitis in children aged 5-15 years
[15]. While not specific to the common cold, it is a vali-
dated child-reported measure of several symptoms rel-
evant to the cold (e.g., sore throat), and so was included
to evaluate convergent validity. This questionnaire was
completed in the evening of days 1, 2, and 3.

e Child Global Impression of Severity (CGI-S) This single-
item global assessment asked, “How bad is your cold
today?” with a 0—4 verbal descriptor response scale (“no
cold,” “a tiny bit bad,” “a little bad,” “bad,” and “very
bad”). This item was completed each evening on days
1-7.

e Parent Global Impression of Severity (PGI-S) This sin-
gle-item global assessment asked parents “How severe
has your child’s cold been over the past 24 h?”” with a 04
verbal descriptor response scale (“no symptoms,” “very
mild,” “mild,” “moderate,” and “severe”). This item was
completed each evening on days 1-7.

e Parent Global Impression of Change (PGI-C) This sin-
gle-item global assessment asked parents “How has your
child’s cold changed since Visit 1 when you started the
study?” with a 0—4 response scale with verbal descrip-
tors (“a lot better,” “a little better,” “the same,” ““a little
worse,” and “a lot worse). This item was completed each
evening on days 1-7.

e Parent Survey A survey was completed by parents on
the final evening of the study period. This included nine
Likert-type and four open-response questions asking for
feedback on the experience of completing the PRO ques-
tions for 7 days.

Exit interviews 30-min cognitive debriefing exit inter-
views were conducted at the end of the study in a sub-
sample of 20 cold eligible children and their parents as a
mixed-methods approach to instrument development. The
exit interviews took place in person at visit 2 after the par-
ents returned the completed questionnaires. The 20 child/
parent dyads comprised the first 14 dyads with children
aged 6-8 years old and the first six dyads with children
aged 9-11 years old where the children had current cold
symptoms and were willing to participate. These interviews
were designed to further explore the content validity of the
PRO beyond the previous qualitative study [13] and identify
any challenges associated with the feasibility of completing
the PRO twice daily. A semi-structured interview guide was
developed that included a mix of open-ended questions and
more direct cognitive debriefing questions. Feedback was
solicited on how easy or difficult the child found answer-
ing the PRO questions and how easy or difficult completion
of the PRO fit into daily routines. Due to time constraints,
not every PRO item was cognitively debriefed with every
child—parent/caregiver dyad, but all items had been debriefed
in the previous qualitative study. The findings contributed to
item reduction and scoring development decisions.

All exit interviews were audio-recorded and transcribed
verbatim; the verbatim transcripts were qualitatively ana-
lyzed using thematic analysis methods and Atlas.ti soft-
ware [16, 17]. Thematic analysis is a foundational, theory-
free, qualitative analysis method, which offers flexibility
to provide a rich, detailed, and complex synthesis of data
that meets a very specific and applied aim [18]. An induc-
tion—abduction approach was taken to identifying themes in
the data where themes were identified both by topics emerg-
ing directly from the data (inductive inference) and by apply-
ing prior knowledge (abductive inference). This enabled the
analysis to remain rooted in the data, allowing participants
to identify areas of importance for them, but also taking into
consideration prior knowledge.

2.5 Psychometric Analyses

The first stage of the analyses was to develop the item-
scale structure of the CCSQ that would be taken forward,
including consideration of deletion of poorly performing or
redundant items. This was determined based on the proper-
ties of quality of completion, item response distributions,
confirmatory factor analysis (CFA), earlier qualitative find-
ings, and the clinical relevance and importance of items.
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The remaining analyses (test—retest reliability, convergent
validity, known groups validity, and ability to detect change
over time) were then performed to evaluate the psychometric
properties of the resulting item-scale structure. All analyses
were specified a priori in a statistical analysis plan and are
detailed in Table 1.

The central limit theorem ensures that parametric tests
can be used with large samples (n > 30), even if the hypoth-
eses of normality are violated [19]. The ¢ test, analysis of
variance (ANOVA), and analysis of covariance (ANCOVA)
on ordinal data have been shown to be robust to violations
of normality with small samples as well [20, 21]. Therefore,
the following parametric tests were used for the comparison
of variables between groups of subjects:

e T test when comparing two groups of participants

e ANOVA when comparing three groups of participants or
more

Other statistics were also calculated:

e A Chi-square test was used to compare a qualitative
variable between groups of subjects. If the underly-
ing assumptions for the Chi-square test were not met, a
Fisher exact test was used.

e The Pearson correlation coefficient was used when ana-
lyzing the relationship between quantitative variables.

e A paired ¢ test was used to compare the change in a quan-
titative variable to O.

e The intra-class correlation coefficient (ICC) was used for
the evaluation of test—retest reliability [22].

e Effect size (ES), standardized response mean, and Guy-
att’s statistics were used for the evaluation of ability to
detect change over time.

The following methods were used to analyze the struc-
ture of the CCSQ:

e CFA for the exploration of potential multi-item score
structures [23, 24].

e Multi-trait analysis for the evaluation of the relationships
between single items and hypothesized multi-item scores
[25].

The emphasis of psychometric analysis is on evaluat-
ing the magnitude of relationships among variables and the
overall pattern of results rather than on significance testing.
Because of this, no adjustments were used for multiplicity of
tests for psychometric analysis. Where specific significance
tests were used, the threshold for statistical significance was
fixed at 5% for each test. All data processing and analyses
were performed with SAS software for Windows (Version
9.2, SAS Institute, Inc., Cary, NC, USA).
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3 Results

3.1 Demographics and Clinical Characteristics
of Sample

Fifteen of 200 children screened did not meet the inclusion
criteria, resulting in a full eligible sample of 138 children
with colds and 47 controls. The mean age of the full eligi-
ble sample was 9.1 years (SD=1.7, range =6.0-11.9 years),
with similar mean ages in the cold (9.1 years) and control
(9.0 years) subgroups. There were slightly more female chil-
dren than male (52.9%); 77.3% of the children were Cauca-
sian, 10.2% were black/African American, and 8.1% were
Hispanic/Spanish American/Latino. Overall, 28.3% of the
children experiencing cold symptoms had been treated at
home with at least one OTC medicine in the 7 days prior
to visit 1 and 21.0% expected to give their child medicine
in the next 7 days. The first participant was enrolled on 22
December 2011, and the final participant was interviewed
on 12 February 2012.

Results from the symptom checklist completed at visit
1 indicate that children responded “some” and ““a lot” most
often to the symptoms of “runny nose,” “stuffy nose,” and
“coughing” (70.3%, 64.5%, and 55.1%, respectively). The
greatest number of “not at all”” responses was found for “ach-
ing arms and legs,” “hurting face around eyes and nose,”
“hard to breathe,” and “hurting head” (48.6%, 44.2%, 39.9%,
and 33.3%, respectively).

3.2 Quality of Completion

Quality of completion was excellent, with a mean of zero
missing data per child and a maximum number of missing
items per child of one. Seven items were missed at least
once, but no more than twice. There was no pattern of any
one item being missed more often than others (candidate for
deletion) or of items being missed more often in the younger
6-8 age group.

3.3 Item Response Distributions

Item-level response distributions on the morning and even-
ing of day 2 for the CCSQ demonstrated that most items
provide a good spread of responses across the response
scale, with approximately normal distributions. These are
provided in Supplemental File B (see the electronic sup-
plementary material). There was some evidence of floor
effects (a high percentage of children choosing the low-
est possible score, in this case 0) and/or slightly positively
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skewed distributions towards the lower end of the scale
for the “chest congestion,” “headache,” and “arm and
leg aches” items. This was limited and not considered of
concern because the low scores are consistent with these
symptoms not being commonly reported for children with
colds. There was some evidence of relatively strong floor
effects in children aged 68 years compared with those aged
9-11 years for some items. These were the items assess-
ing “being kept awake by cough,” “being kept awake by a
stuffy nose,” “how clear the nose was after blowing,” “pain
around eyes and nose,” “tightness on face,” “runny nose,”
“wipe or blow your nose,” “hard to breathe deep into chest,”
“tight chest,” “headache,” “sore throat,” and “arms and legs
ache.” Notably, apart from the items assessing “how clear
the nose was after blowing” and “runny nose,” these items
were deleted (see Sect. 4.4). The most highly endorsed
symptoms (for both age groups and in the total sample)
were “cough,” “runny nose,” and “stuffy nose.” The least
highly endorsed symptoms were the items assessing “tight
chest,” “pain around eyes and nose,” “sore throat,” “head-
ache,” and “arm and leg aches.”

EEINT3
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3.4 Development of the CCSQ Scores

The appropriateness of grouping the items into seven
hypothesized multi-item scores (comprising 16 items) was
tested using CFA; fit indices and standardized factor load-
ings were examined. These seven domains assessed the vari-
ous types of cold symptoms separately for the overnight,
morning, and day timeframes (morning nasal congestion,
morning cough, morning chest congestion, morning sore
throat, morning headache, evening nasal congestion, and
day nasal congestion). Standardized factor loading of items
on their hypothesized domains were high for most items
(all > 0.80), with the only exception being the nasal con-
gestion items. Nasal congestion included the “stuffy nose”
items (M09, E11, and E03) and the “clear nose” items (M 10
and E04), which all loaded at <0.58 for morning, day, and
evening scores. Nasal congestion also included items asking
about “pain around eyes and nose” (sinus pain), which had a
high loading on both the morning and evening nasal domain
(all>0.72). Overall these data suggest that the “pain around
eyes and nose” items do not fit with the other nasal items that
assess “stuffy nose” or “clear nose” symptoms.

Repeating the analysis without the “pain around eyes and
nose” items resulted in all a priori CFA thresholds being sat-
isfied (goodness of fit index = 0.949; root mean square error
of approximation =0.030; comparative fit index =0.996),
suggesting that this revised structure was acceptable. This
involved grouping the items into the scores of “morning
cough,” “morning chest congestion,” “morning sore throat,”

MO4. Cough (this morning)

Morning cough
MO5. Cough (from when

you woke up)

MO6. Hard to breathe air
(from when you woke up)

Morning chest

congestion

M11. Tight chest (right now)

MO7. Hurt to swallow (from

when you woke up) Morning sore

throat

M13. Sore throat (right
now)

MO08. Headache (from when
you woke up)

Morning
headache

M14. Head hurt (right now) 0.94

Fig.3 Definition of multi-item scores without nasal dimensions
showing standardized factor loadings (cold eligible sample, N=138).
*Standardized factor loadings

99 ¢

“morning headache,” “morning nasal congestion,” and
“evening nasal congestion.” All standardized loadings were
high across the multi-item dimensions tested (all > 0.86,
Fig. 3).

High item loadings on each factor and very high inter-
item correlations suggested a high level of redundancy
among items within scores. This is unsurprising, as the items
within each score are measuring aspects of the same cold
symptom. Based on these findings and importantly consid-
ering the findings of the previous qualitative research, the
CCSQ was reduced from 32 to 15 single items. Items deleted
were those that were less well understood as well as show-
ing redundancy and/or poor psychometric performance. The
CFA results indicate that these 15 items could be scored as
single-item scores or form five multi-item scores, as outlined
in Table 2 (morning and evening nasal scores, morning and
evening aches and pains scores, and a “day” nasal score).
The high correlations of items within scores suggest that
single-item scores are likely sufficient, but both options were
tested in the remaining analyses. This version of the CCSQ
is provided in Supplemental File A.

3.5 Changes in Score Distributions over Time

For all single- and multi-item scores, the mean scores in the
cold eligible sample decreased steadily from day 1 to day
7, consistent with the children’s colds improving over the
7-day observation period and providing evidence that the
instrument is responsive to change.
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3.6 Test-Retest Reliability

Stable children were defined as those whose cold was rated
as “unchanged or almost the same” compared to the begin-
ning of the study by their parent on the PGI-C; 106 children
met this criterion. The stability of CCSQ scores for this sub-
group was assessed between days 1 and 2 for evening scores,
and between days 2 and 3 for morning scores.

For the evening scores (Table 3), the single-item scores
for the “cough,” “stuffy nose,” “sore throat,” “headache,”
and “day cough” domains and all three composite multi-item
scores had ICCs > (.70, indicating good test—retest reliabil-
ity. The remaining four items had ICC scores between 0.60
and 0.70 (“runny nose,” “clear nose,” “day wipe or blow
nose,” and “day stuffy nose”). Given that the cold symp-
toms are variable and fast changing, this seems acceptable.
Reliability coefficients for single-item measures are also
typically lower than for multi-item scores. Results for the
morning scores were similar.

When evaluated within age subgroups, test—retest reliabil-
ity in the 6- to 8-year-old group was almost as strong as in
the 9- to 11-year-old group. For the morning scores, the ICC
[and CCC (concordance correlation coefficient) and Pearson
correlations] for the 68 year olds were lower than those for
the 9-11 year olds for only stuffy nose (0.62 vs. 0.70), clear
nose (0.59 vs. 0.77), sore throat (0.66 vs. 0.74) (these data
are provided in Supplemental File B).

3.7 Construct Validity
3.7.1 Convergent Validity

To evaluate convergent validity, correlations of the CCSQ
single- and multi-item scores with Strep-PRO scores were
evaluated (see Table 3 for evening of day 1). As hypoth-
esized, the highest correlations (> 0.60) were between pairs
of items measuring similar symptoms (e.g., the correlation
between item assessing “sore throat” and “throat hurt” was
r=0.82). Low correlations were reported between scores
that would not be expected to correlate highly (e.g., “stuffy
nose” and “throat hurt,” r=0.21), providing further evidence
of concurrent or convergent/divergent validity. Results were
equally strong on the evenings of day 1, day 2, and day 7,
and the mornings of day 2, day 3, and day 7. The results
were also similar when the correlations were examined in
the age subgroups (see Supplemental File B).

3.8 Known Groups Validity

3.8.1 Comparison Between Child Cold Symptom Scores
and Child Global Impression of Severity (CGI-S)

The single-item and multi-item scores from the CCSQ were
compared among groups who differed in overall cold sever-
ity as reported by the children on the CGI-S item. There

Mean No cold A tiny bit Alittle bad  m Bad W Very bad
(+SEM) (N=1) (N=17) (N=40) (N=57) (N=23)
12 1 sk %k sk sk
10 -
8 4
6 - ¥ %k ¥k * * % %k k % %k k %k % %k %k %k %k T
-

4 - T

EEELEFNERE '}

O T T T T T = T T T T T
Runny Cough Stuffy Clear Sore Headache Day Day Day Nasal Aches Day nasal
nose nose nose throat wipe or  stuffy cough and pain

blow nose nose

Fig.4 Known groups validity: ANOVA comparison of CCSQ even-
ing scores according to CGI-S defined groups at day 1 (N=138).
Note, “nasal,” “aches and pain,” and “day nasal” are multi-item
scores (made up of 3, 2, and 2 items, respectively) and therefore have
possible score ranges of 012, 0-8, and 0-8, respectively, rather than
0—4 as for the other items. ANOVA analysis of variance, CCSQ Child
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Cold Symptom Questionnaire, CGI-S Child Global Impression of
Severity, SEM standard error of the mean. *¥ANOVA showed statisti-
cally significant differences at the P <0.05 level. **ANOVA showed
statistically significant differences at the P <0.01 level. ***ANOVA
showed statistically significant differences at the P <0.001 level
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was a pattern of significantly higher mean CCSQ evening
scores (indicating worse symptoms) for the children who
also scored higher (worse) on the CGI-S on the evening of
day 1 (P <0.05 for all scores), with the expected monotonic
increases across the groups (Fig. 4). Children reporting
the worst colds that evening also reported worse scores on
individual symptoms, providing evidence of known groups
validity. The only score that did not have a clear stepwise
increase in scores across severity groups was the “day wipe
or blow your nose” score. Similar patterns of results were
found for the morning scores, and when evaluated within age
subgroups (6—8 vs. 9—11 years).

3.8.2 Comparison Between Child Cold Symptom Scores
and Parent Global Rating of Severity (PGI-S)

A pattern of higher scores (indicating worse symptoms) was
reported by children whose parents reported worse scores on
the PGI-S, with statistically significant differences among
the groups for all CCSQ scores (P <0.05). Thus, a child’s
ratings of symptoms were generally aligned with the par-
ent’s ratings of overall cold severity. The only score that did
not show a clear stepwise increase across the PGI-S defined
severity groups was the “day wipe or blow nose” score.
Results were very similar for the morning scores and when
performing the analysis by age group (6-8 vs. 9-11 years).

3.9 Ability to Detect Change over Time
Changes in the CCSQ scores were compared among chil-

dren defined as “improved,” “unchanged,” and “worsened”
on the PGI-C score and changes in the CGI-S and PGI-S

Mean change Improved
(+SEM) (N=41)
2
* * *
1
0 =T - 1 J N l!.

N

Decrease in

symptoms -2 -

Sore
throat

Clear
nose

Runny
nose

Cough Stuffy

nose

Fig.5 Change over time: ANOVA comparison of changes in CCSQ
evening scores between day 1 and day 2 for change groups defined
by CGI-S changes between day 1 and day 2 (N=138). ANOVA analy-
sis of variance, CCSQ Child Cold Symptom Questionnaire, CGI-
S Child Global Impression of Severity, SEM standard error of the
mean. Note, “nasal,” “aches and pain,” and “day nasal” are multi-item
scores (made up of 3, 2, and 2 items, respectively) and therefore have

scores between day 1 and day 2 and between day 1 and
day 7. These results provide evidence that the CCSQ can
detect changes over time, regardless of the rating used
to define change. Generally, there were improvements in
CCSQ scores for children rated as “improved,” negligible
changes for children rated as “unchanged,” and worsen-
ing or negligible changes for those rated as “worsened.”
Weaker results (less clear differences among these groups)
were found when the change groups were defined using the
parent-completed PGI-C as opposed to the child-completed
CGI-S; this may reflect weakness with the global change
measure, which relies on the parents mentally averaging
and recalling back to the beginning of the study, rather than
weaknesses in the CCSQ. It may also suggest that parents
are not able to observe their child’s cold symptoms closely
enough to provide a valid rating—which is part of the
rationale for developing a child-report measure rather than
a parent-report measure.

As an example, Fig. 5 shows the change in CCSQ evening
scores between the evenings of day 1 and day 2 compared
among groups defined according to changes in the CGI-S
over the same time period. The CCSQ evening scores dem-
onstrated improvement and worsening as expected for the
CGI-S groups. For the children in the “improved” group,
small to moderate decreases in CCSQ evening scores were
observed (ES range —0.11 to—0.38), compared to mostly
small or moderate increases in scores (ES range —0.24
to 0.39) in the “worsened” group. The changes in CCSQ
scores for the “no change” group were small or negligible
(ES range —0.19 to 0.11). Differences in changes in score
between the “improved,” “no change,” and “worsened”
groups were statistically significant for all CCSQ scores

| No change m Worsened
(N=77) (N=20)
%% *ok ok * *% % * %
-_r. . «~l - T J il
1 - I
Headache Day Day Day Nasal Aches Day
wipe or  stuffy cough and pain  nasal
blow nose nose

possible change score ranges of 0-12, 0-8, and 0-8, respectively,
rather than 0—4 as for the other items. *ANOVA showed statistically
significant differences among change groups at the P<0.05 level.
**ANOVA showed statistically significant differences among change
groups at the P<0.01 level. ***ANOVA showed statistically signifi-
cant differences among groups at the P <0.001 level
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Table 2 Final scoring structure of the single-item and multi-item scores

Composite multi-item Single-item scores Morning item Evening item

scores

Items retained

Nasal Runny nose MO3. Runny nose (from when you woke  EO02. Runny nose (this evening)
up)
Stuffy nose MO09. Stuffy nose (right now) EO03. Stufty nose (right now)
Clear nose M10. Clear nose (right now) E04. Clear nose (right now)
Cough MO04. Cough bad (this morning) EO1. Cough bad (this evening)
Aches and pain Sore throat M13. Sore throat (right now) EOQ7. Sore throat (right now)
Headache M14. Head hurt (right now) EO08. Head hurt (right now)
Day nasal Day wipe or blow E10. Wipe or blow nose (for all of today)
Day stuffy nose E11. Stuffy nose (for all of today)
Day cough E12. Cough amount (for all of today)

ELINT3

except for “runny nose,
nose,” and “nasal” scores.

clear nose,” “day wipe or blow

3.10 Findings from Parent Survey and Exit
Interviews

Most parents provided very positive feedback on the CCSQ
(n=148, 80.0%), reporting that it was “very easy” or “easy”
to fit answering the questions into their schedule over the
past 7 days (n=158, 85.4%), to think of the answers to ques-
tions every day (n=169, 91.4%), for the child to answer
the questions by himself/herself (n =156, 84.3%), for the
child to recall symptoms from the previous night (n =142,
76.8%), and for the child to recall symptoms from the day-
time (n=138, 74.6%).

During the survey, almost all parents (n= 160, 86.5%)
reported that their children were “willing” or “very will-
ing” to answer the questions twice a day, and needed little
or no help during the first 3 days (n=153, 82.7%) and the
last 3 days (n=172, 93.0%). Some parents also commented
that the illustrations helped the children to understand the
questions (n=18, 9.7%).

The exit interviews with 20 children and their parents
also provided support for the face and content validity of the
items. All but two children were able to complete the ques-
tions with little or no help. Ten children (50.0%) reported
that they asked for help from their parent on the first day,
but were then able to answer on their own for the remaining
days: “I helped—I kind of went through it with him the first
day and after that, he was able to do it by himself” (parent
of 9-year-old).

The qualitative data also supports the high completion
rate evident from the descriptive statistics, with two reasons
evident: children appeared to enjoy completing their book-
lets [“I got to express my feelings.” (9-year-old girl)] and
parents took responsibility for the child’s booklet, reminding
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their children to complete it. Most children also said they
found the illustrations helpful in answering the questions: “If
there was no picture, I’d be so confused.” (7-year-old girl).

During the interviews, high levels of understanding
were demonstrated by children of all ages. Only two chil-
dren (aged 6 and 8 years) struggled to read any items. They
were able to read with the aid of the interviewer/parent and
seemed to understand the question without help once it had
been read to them.

4 Discussion

The findings of this psychometric evaluation study provide
evidence that the CCSQ items and multi-item scores provide
valid and reliable patient-reported measures of cold symp-
toms in children aged 6-11 years that are not too burden-
some for children to complete twice daily for 7 days, even
for 6- to 8-year-old respondents. There is preliminary evi-
dence that the questionnaire is responsive to change (albeit
based only on data from a non-interventional study). The fast
changing, variable nature of cold symptoms means that any
treatment benefits are likely to be difficult to detect, so an
instrument with strong psychometric properties is essential.

There were exceptionally low levels of missing data for
both age groups throughout the study. Evaluation of item
distributions in this study suggests that the response scales
capture the variability of symptom scores over the course of
a cold. Construct validity testing supported a priori hypoth-
eses concerning relationships with the Strep-PRO and global
items assessing cold severity. The most highly endorsed
items (based on the response distributions) were also those
that were associated with the cold symptoms selected most
often by children upon enrolment in this study and are more
prevalent in children [26, 27]. Additionally, they were items
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associated with symptoms most commonly reported in the
previous qualitative research, and best understood by the
children when the presence of symptoms could be explored
through more open-ended qualitative enquiry and did not
rely on comprehension of specific terms. Therefore, it is
uncertain whether ease of understanding influenced the
response distributions for the items or whether these items
reflect the most commonly experienced cold symptoms.
Nevertheless, these findings provide some evidence that the
items assessing simpler concepts and that were more simply
worded may have stronger validity and reliability for the
younger children.

This study provides strong evidence supporting the
validity of the items and multi-items scores for inclusion as
endpoints in clinical trials to evaluate the efficacy of cold
medicines. Whether multiple- or single-item scores are more
appropriate for inclusion as endpoints in a clinical trial eval-
uating a cold treatment may depend upon the aim of the
trial and the symptoms targeted by the product. The CCSQ
provides a battery of potential endpoints for measurement of
various cold symptoms, which provides flexibility to meas-
ure the symptoms of interest. Similarly, the most appropri-
ate recall period will depend upon the specific context of
use in terms of study design, such as the dosing interval or
time of day. All recall periods tested during this study were
found to have strong validity and reliability. In fact, four
items addressing nasal congestion were used to construct
the primary (M09) and secondary (M02, M03, and E04)
endpoints in a placebo-controlled clinical trial for the decon-
gestant pseudoephedrine with children aged 6-11 years
old [28]. Wording of the PRO items were identical, except
“stuffy nose” was used in M03 instead of “runny nose,” and
the word “once” was not included in EO4. The endpoints
detected differences between treatment and placebo groups,
thus providing additional evidence that children in this age
group can self-report on the severity and frequency of sub-
jective symptoms in a clinical trial.

While the possibility that some symptoms reported were
due to allergies or other respiratory conditions cannot be
ruled out, the trajectory observed of the cold symptoms
reducing to very low levels in almost all participants during
the 7-day study period was consistent with a common cold.
Feedback from exit interviews and the extremely low level
of missing data across all ages suggest that the instrument
was well accepted by the children and easily fitted into their
daily schedule. However, since this was a paper instrument,
the timeliness of completion cannot be verified.

As noted in the introduction, the CARIFS [7] is a par-
ent/caregiver report measure developed for use in babies,
infants, and children up to age 12. In terms of the symptoms
assessed, there is a high degree of overlap/consistency, with
both measures assessing headache, sore throat, cough, and
nasal congestion. It is also notable that the CARIFS does
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not include assessment of chest congestion or sinus pain,
both removed during this validation study from the CCSQ.
In terms of differences, the CARIFS does include items
assessing fatigue/tiredness, muscle aches or pains, fever, and
vomiting. However, these are all symptoms that are more
relevant to influenza than the common cold. Moreover, as a
parent/caregiver report, in addition to assessing symptoms,
the CARIFS also includes items assessing observable behav-
iors associated with colds and influenza, such as the child
appearing ‘“irritable, cranky, fussy” or “not playing well,”
which would not be appropriate for inclusion in the self-
report CCSQ.

Similar to the correlations observed between the CCSQ
and the Strep-PRO, the CARIFS has been shown to have
moderate correlations with physician, nurse, and parent
global assessments. Moreover, similar to the improvements
in CCSQ scores over the 7-day study period, the CARIFS
was shown to improve over 14 days. Neither CFA nor
test—retest reliability were evaluated for the CARIFS.

As an adult measure of upper respiratory symptoms, com-
parison with the WURSS-11 is arguably less relevant [6].
However, it is notable that, CFA of the WURSS-11 also
supported grouping of the items in multi-item symptom
scores. It is also interesting to note that, similar to the CCSQ,
the evidence of test—retest reliability for the Flu-PRO has
also been shown to be somewhat mixed, with the common
threshold of 0.70 not always met [4]. This provides support
for the hypothesis that this reflects the fluctuating nature of
cold/flu symptoms.

Because of age and developmental changes, it is impor-
tant to demonstrate that a pediatric PRO instrument has
content validity and strong psychometric properties within
narrow age bands [12, 29, 30]. The qualitative research that
preceded this study suggested that the PRO items tested
in this study can be used with confidence in children aged
9 years and older, and in children aged 6—8 years with initial
adult supervision to explain the more difficult concepts [13].
The evidence presented here of strong reliability and valid-
ity, even in the 6-8-years age group supports those findings
and suggests the instrument is appropriate to use in children
as young as 6 years, so long as they can read the items.
Although the item response distributions and score distri-
butions were examined separately in the two age subgroups
(6-8 years and 9-11 years), one limitation of the present
study is that the sample size was not sufficient to support fur-
ther age analyses within these subgroups. Between the ages
of 6 and 8 years, substantial differences exist in development
of reading ability, concept understanding, and general com-
prehension for most children. In this regard, we believe the
visual cues for each symptom provided by the illustrations
of a child demonstrating a cold symptom, with added blue
shading to direct attention to the affected area, helped the
youngest children understand the item, even if their reading
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comprehension was lower. This was also the aim of the
increasing sizes of the circles and filled boxes linked to the
response options. Smiley and sad faces often used in other
children’s PRO tools can be confusing because they convey
emotion, which may confuse a child if they do not apply.

Another limitation is that the PRO questions were devel-
oped and this validation study conducted only in the US. For
the instrument to be used in other countries and cultures,
appropriate translation and linguistic validation (involving
two forwards and one backwards translation at a minimum)
would be required in addition to psychometric evaluation.
While black/African American (10.2%) and Hispanic/
Spanish American/Latino (8.1%) children participated in
the study, future studies may benefit with larger propor-
tions of non-Caucasian participants. For the assessment of
convergent validity, the lack of existing measures of cold
symptoms for use in this age range meant that options were
limited when trying to identify measures against which
CCSQ scores could be compared. Ideally specific, validated
measures of nasal symptoms and other concepts would have
been included. Finally, the instrument was developed using
a pen/paper questionnaire. If transformed into an electronic
PRO (ePRO)—for example, completed on a hand-held touch
screen device—then the ePRO version would need confirma-
tion that it had equivalent or at least equally strong content
validity and psychometric validity.

A copy of the version of the CCSQ with 15 items that
emerged from this study is provided in Supplemental File C
along with the conditions for use. The Child Cold Symptom
Questionnaire is available for educational, research, or clini-
cal use at no cost, provided such use includes an attribution
statement that reads: “The Child Cold Symptom Question-
naire was developed by Johnson & Johnson Consumer Inc.,
McNeil Consumer Healthcare Division.” Any other use
must receive permission from Johnson & Johnson Consumer
Inc., McNeil Consumer Healthcare Division.

5 Conclusions

The findings of this study demonstrate that the CCSQ pro-
vides a valid and reliable assessment of cold symptoms for
use across the 6—11-year age range. They provide evidence
supporting the validity of the items and multi-items scores
for inclusion as endpoints in clinical trials to evaluate the
efficacy of cold medicines. Further study is recommended to
evaluate the ability of individual items and the instrument to
detect changes due to symptomatic treatment and to identify
minimal levels of change that could be considered meaning-
ful in such a context.
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