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Abstract

Objective The present study investigates the clinical interpretability of the Pediatric Quality of
Life Inventory™ (PedsQL™) Gastrointestinal Symptoms Scales and Worry Scales in pediatric pa-
tients with functional gastrointestinal disorders or organic gastrointestinal diseases in comparison
with healthy controls. Methods The PedsQL™ Gastrointestinal Scales were completed by 587
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patients with gastrointestinal disorders/diseases and 685 parents, and 513 healthy children and 337
parents. Minimal important difference (MID) scores were derived from the standard error of mea-
surement (SEM). Cut-points were derived based on one and two standard deviations (SDs) from

the healthy reference means.

Results The percentages of patients below the scales’ cut-points

were significantly greater than the healthy controls (most p values <.001). Scale scores 2 SDs from
the healthy reference means were within the range of scores for pediatric patients with a gastroin-
testinal disorder. MID values were generated using the SEM. Conclusions The findings support
the clinical interpretability of the new PedsQL™ Gastrointestinal Symptoms Scales and Worry

Scales.

Key words: gastrointestinal symptoms; minimal important difference; patient-reported outcomes; PedsQL.

Introduction

Patient-centered outcomes and comparative effectiveness research is
increasingly integrating patients’ perspectives regarding their health
and well-being using patient-reported outcomes (PROs; Calvert
et al., 2013; Desai et al., 2014; Reeve et al., 2013). PROs, including
health-related quality of life (HRQOL) and symptom-specific mea-
surement instruments, are assuming a greater role in assessing the
impact of pediatric diseases and treatments from the perspective of
pediatric patients with functional gastrointestinal (GI) disorders
(FGIDs, e.g., chronic constipation, functional abdominal pain, irri-
table bowel syndrome, functional dyspepsia) and organic GI dis-
eases (e.g., Crohn’s disease, ulcerative colitis, gastroesophageal
reflux disease) (Hartman et al., 2014; Kunz, Hommel, & Greenley,
2010; Marcus et al., 2009; Ryan et al., 2013; Varni, Bendo,
Denham, et al., 2015; Varni, Bendo, Nurko, et al., 2015; Varni
et al., 2014; Varni, Lane, et al., 2006; Youssef, Langseder, Verga,
Mones, & Rosh, 2005; Youssef, Murphy, Langseder, & Rosh,
2006). Particularly with the advent of the Food and Drug
Administration (FDA) guidelines to industry regarding PROs (FDA,
2009), there has been greater emphasis on the integration of PROs
with clinical and biological data in the evaluation of treatment effi-
cacy for gastroenterology clinical trials (FDA, 2012; Mohammad
et al., 2014; Williet, Sandborn, & Peyrin-Biroulet, 2014).

This paradigm shift toward PROs in clinical trials has provided
the opportunity to include the perspective of pediatric patients using
PROs as efficacy outcomes (Mohammad et al., 2014; Williet et al.,
2014). Generic HRQOL measures provide a common metric on
which to compare interventions both within and across patient
groups. While generic HRQOL measures enable comparisons across
patient populations and facilitate benchmarking with healthy
population norms (Varni, Bendo, Nurko, et al., 2015), GI symptom-
specific measures are essential to understanding symptoms most rel-
evant for patients across multiple FGIDs and organic GI diseases
(FDA, 2012; Varni, Kay, Limbers, Franciosi, & Pohl, 2012).

Interpreting PROs scores is an important requirement in the
application of these measurement instruments in clinical trials, epi-
demiological research, and clinical practice (McLeod, Coon,
Martin, Fehnel, & Hays, 2011; Schiinemann, Akl, & Guyatt,
2006; Wyrwich, Norquist, Lenderking, & Acaster, 2013). The
International Society for Quality of Life Research (ISOQOL) has
recommended minimum standards for PROs in patient-centered
outcomes and comparative effectiveness research, including the in-
terpretability of scores (Reeve et al., 2013). Similar to the recom-
mendations from the FDA (2009), these ISOQOL standards include
“documentation of the conceptual and measurement model;
evidence of reliability, validity (content validity, construct validity,

responsiveness), interpretability of scores; quality translation, and
acceptable patient and investigator burden” (Reeve et al., 2013,
p- 1889). Meeting these standards is an iterative process, in which a
new measurement instrument ideally demonstrates supportive evi-
dence over time documenting achievement of these criteria.

The initial measurement properties of the new Pediatric Quality
of Life Inventory™ (PedsQL™) Gastrointestinal Symptoms
Module have been demonstrated (Varni et al., 2014). The
PedsQL™ Gastrointestinal Symptoms Module was developed to
address a significant gap in the pediatric literature. There was not
previously available an empirically derived multidimensional GI
symptom-specific instrument that measured GI symptoms across
multiple FGIDs and organic GI diseases using patient self-reports for
ages 5—-18 years and parent proxy-reports for ages 2-18 years. The
PedsQL™  Gastrointestinal Symptoms Module consists of 10
Gastrointestinal Symptoms Scales, two Gastrointestinal Worry
Scales, a Medicines Scale, and a Communication Scale. The
Gastrointestinal Symptoms Scales and the Gastrointestinal Worry
Scales were designed to measure GI symptoms and worry across pe-
diatric populations (Varni, Bendo, Denham, et al., 2015; Varni
etal., 2014).

Consistent with recommendations from the FDA and the PRO
field (FDA, 2009; Reeve et al., 2013), documentation of the concep-
tual and measurement model (Varni, Bendo, Denham, et al., 2015;
Varni et al., 2014), and empirical evidence supporting content valid-
ity (Varni et al., 2012), reliability, and construct validity have been
demonstrated (Varni, Bendo, Denham, et al., 2015; Varni et al.,
2014). However, the interpretability of scale scores has not been ex-
plicitly addressed. As delineated by the ISOQOL task force (Reeve
et al., 2013), the interpretability of scores includes the meaning of
high and low scores, comparing scores in populations known to be
healthy versus populations known to have a specific disease
(known-groups validity, benchmarking with a reference or norma-
tive group), and the delineation of a minimal important difference
(MID) in scores between groups and/or changes over time.

In prior research with the PedsQL™
Scales and Gastrointestinal Worry Scales, known-groups validity
was demonstrated by comparing patients with FGIDs or organic GI
diseases with an age, gender, and race/ethnicity-matched healthy

Gastrointestinal Symptoms

sample (Varni, Bendo, Denham, et al., 2015). Consistent with ex-
pectations, pediatric patients manifested significantly worse scores
on the PedsQL™ Gastrointestinal Symptoms and Worry Scales in
comparison with the healthy controls with generally large effect
sizes (ES), supporting the initial clinical interpretability of these scale
scores. Nevertheless, these initial findings are necessary but not
sufficient in clarifying the interpretation of the scores. Additional
evidence in support of the clinical interpretability of these scale
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scores may be derived from the examination of MID scores
(McLeod et al., 2011; Schiinemann et al., 2006; Wyrwich et al.,
2013), and the meaning of high and low scores through providing
clinically relevant cut-points or deviations from a healthy reference
sample (Carle, Blumberg, Moore, & Mbwana, 2011).

The MID, previously known as the minimal clinically important
difference (Jaeschke, Singer, & Guyatt, 1989), has been defined as
“the smallest difference in score in the outcome of interest that in-
formed patients or informed proxies perceive as important, either
beneficial or harmful, and that would lead the patient or clinician to
consider a change in the management” (Schiinemann et al., 2006,
p. 1). In this definition, “informed proxies” are considered only if
“informed patients” cannot or prefer not to make decisions about
the management of their health condition (Schiinemann et al.,
2006). In the context of pediatric disease management, the perspec-
tives of both pediatric patients and their parents are essential (Eiser
& Varni, 2013). In the literature, both anchor-based and distribu-
tion-based methods have been used in calculating the MID for inter-
preting PRO scores (Wyrwich et al., 2013).

Anchor-based methods investigate the association between a
PRO instrument and a similar concept measured or anchored to
changes in an independent measure such as patient ratings of
change, clinician ratings of change, and clinical variables (e.g., gly-
cated hemoglobin test), that are considered to have an intuitive
meaning as methods to interpret changes in the PRO instrument
(Wyrwich et al., 2013). The most widely referenced anchor-based
method is the original approach proposed by Jaeschke et al. (1989),
which involved asking patients to rate how much overall change
they experienced over time on the anchor concept. This retrospective
approach to overall change, while used in adult patients, may be dif-
ficult for pediatric patients because it requires remembering the ini-
tial symptoms’ frequency or intensity, and then mentally calculating
differences between current symptoms and past symptoms.
Clinician’s global rating of change uses a similar approach
(Wyrwich et al., 2013). However, proxy ratings of PRO concepts
have been widely recognized to be only partially congruent with pa-
tient perspectives (Eiser & Varni, 2013). Direct clinical anchors are
also often used, such as change in joint tenderness in patients with
arthritis (Wyrwich et al., 2013). However, as succinctly summarized
by McHorney (2002), “QOL scores correlate modestly at best with
clinical outcomes. This finding suggests that clinical and human
function are relatively independent. It does not imply that one or the
other is inherently superior or correct. They simply measure differ-
ent things, and using both will likely yield more information than
any set alone” (p. I1I-58). Thus, the anchor-based method by itself is
potentially insufficient in determining the MID values of a PRO in-
strument. An emerging perspective is that both anchor-based and
distribution-based methods inform the interpretability of PRO
scores (McLeod et al., 2011).

Calculations of the standard error of measurement (SEM) and ef-
fect size (ES) are the most widely used distribution-based methods,
reflecting a change score difference relative to a standardized mea-
sure of variability (Wyrwich et al., 2013). ES for differences in
means have been traditionally designated as small (0.20), medium
(0.50), and large (0.80) in magnitude based on Cohen’s original rec-
ommendations (Cohen, 1988), with an ES of 0.50 suggested as an
MID (Norman, Sloan, & Wyrwich, 2003). More recently, an ES ap-
proximating a small ES (0.20) has also been proposed, rather than
the medium ES of 0.50 (Fayers & Hays, 2014). However, neither ES
values have been widely adopted as methods for determining the
MID (Wyrwich et al., 2013). In contrast, the SEM has been more
widely accepted as a distribution-based method reflective of an MID

(Wyrwich, Tierney, & Wolinsky, 1999). As articulated by Hilliard
et al. (2013, p. 1892), “The SEM estimates the variation in scores
due to the measurement precision in the scale and assumes that a
change in scores smaller than the value of the SEM likely results
from measurement error rather than a meaningful increase or de-
crease in the value of the construct being measured”. The SEM has
been linked to the MID, in which 1 SEM has demonstrated a strong
correspondence to anchor-based individual change thresholds for a
number of PRO measures (Wyrwich et al., 2013), and is considered
the smallest clinically meaningful change in a PRO instrument that
can be detected (Crosby, Kolotkin, & Williams, 2003; Hilliard
et al., 2013). For the reasons above, we used the 1 SEM distribution-
based method in the current study in determining MID scores.

Cut-point scores facilitate the clinical interpretability of scale
scores in addressing the ISOQOL recommendation regarding the
meaning of high and low scores (Reeve et al., 2013). Cut-points cre-
ate a categorical indicator by designating a point on a continuous
measure that divides patient scores into categorical variables that
ideally provide intuitive interpretation of the proportion or percent-
ages of patients who scored above or below a clinically relevant indi-
cator (Carle et al., 2011). Although there are different approaches to
determining clinical cut-points, cut-point scores that delineate cate-
gorical indicators as greater than or equal to 1 or 2 standard devia-
tions (SDs) from the mean of a healthy reference population have
been used to designate an “at risk” status for a clinical disorder
(>1 SD from the healthy reference mean), and clinically significant
impairment (>2 SD from the healthy reference mean) in standard-
ized measurement instruments, including the widely used Behavior
Assessment System for Children, second edition (Reynolds &
Kamphaus, 2004), and the PedsQL™ 4.0 Generic Core Scales
(Varni, Burwinkle, Seid, & Skarr, 2003), and is the method selected
for the current study.

To address the clinical interpretability of the new PedsQL™
Gastrointestinal Symptoms and Worry Scales, the primary objective
of the present study was to investigate MID scores using the 1 SEM
distribution-based method, and cut-points >1 and >2 SD from the
healthy reference means as further evidence of the clinical interpret-
ability of scores using the database from the PedsQL™
Gastrointestinal Symptoms Module field test (Varni, Bendo,
Denham, et al., 2015; Varni et al., 2014). We expected that the
PedsQL™ Gastrointestinal Symptoms and Worry Scales scores for
patients with FGIDs or patients with organic GI diseases would
demonstrate a significantly larger percentage of scores >1 SD and
>2 SD from the healthy reference means in comparison with the
healthy controls based on previous findings in which known-groups
validity was demonstrated (Varni, Bendo, Denham, et al., 2015).
We expected that the percentage of patients >1 SD and >2 SD from
the healthy reference means would be generally larger for patients
with FGIDs than patients with organic GI diseases based on previ-
ous findings with these new scales (Varni, Bendo, Denham, et al.,
2015), and previous findings with the PedsQL™ 4.0 Generic Core
Scales, in which patients with FGIDs manifested greater impaired
generic HRQOL in comparison with pediatric patients with organic
GI diseases (Varni, Bendo, Nurko, et al., 2015).

Methods

Pediatric Patients and Settings

Pediatric patients aged 5-18 years and parents of pediatric patients
aged 2-18 years with physician-diagnosed GI disorders using ICD-
9-CM Diagnosis Codes and/or Rome III criteria for FGIDs for seven
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GI diagnostic groups including both functional (chronic constipa-
tion, functional abdominal pain, irritable bowel syndrome, and
functional dyspepsia) and organic (Crohn’s disease, ulcerative coli-
tis, and gastroesophageal reflux disease) diseases were recruited
from nine pediatric tertiary care GI clinical sites across the United
States for the PedsQL™ Gastrointestinal Symptoms Module field
test study (Varni et al., 2014). The diagnosis of an FGID or an or-
ganic GI disease was made by each of the site investigators, who
were board-certified pediatric gastroenterologists. Diagnoses were
based on current Rome III diagnostic criteria for FGIDs (Rasquin
et al., 2006) and organic GI diseases (North American Society for
Pediatric Gastroenterology, Hepatology, and Nutrition and/or
European Society for Pediatric Gastroenterology, Hepatology, and
Nutrition guidelines/consensus statements/reports).

Data collection for the PedsQL™ Gastrointestinal Symptoms
Module field test study took place between March 2011 and
November 2013 (Varni et al., 2014). The current study reports sta-
tistical analyses of the data from the existing field test study data-
base not previously conducted (Varni, Bendo, Denham, et al., 2015;
Varni, Bendo, Nurko, et al., 2015; Varni et al., 2014). Specifically,
the calculations of MID scores and clinical cut-points have not been
previously reported, and are the focus of the current set of analyses.
A total of 689 families (587 children aged 5-18 years and 685 par-
ents of children aged 2-18 years) participated in the field test study.
The average age of the 318 boys (46.2%) and 371 girls (53.8%) was
11.43 years (SD = 4.58). Table I contains the participants’ charac-
teristics for the GI group.

Healthy Controls Reference Sample
The DPedsQL™
Gastrointestinal Worry Scales-matched healthy controls data were

Gastrointestinal ~ Symptoms  Scales  and
previously derived from the existing field test study database (Varni,
Bendo, Denham, et al., 2015). These data were collected by the sci-
entific research group at YouGov® (www.yougov.com), an Internet
polling firm based in Palo Alto, CA, which has been used by a num-
ber of National Institutes of Health-funded Patient Reported
Outcomes Measurement System (PROMIS®) investigators (Bjorner
et al., 2014; Chung et al., 2014; Liu et al., 2010). YouGov® main-
tains a large panel of respondents who have agreed to participate in
online surveys. YouGov® was contracted to select participants from
among their panel that age, gender, and race/ethnicity-matched the
age, gender, and race/ethnicity of the GI sample. Web-based data
collection for the Internet panel survey took place between July
2013 and September 2013, and thus, the majority of the GI sample
had already been accrued by the time the Internet panel survey was
conducted.

In addition to completing the PedsQL™ Gastrointestinal
Symptoms Scales and Gastrointestinal Worry Scales, parents com-
pleted the PedsQL™ Family Information Form, which included a
question on whether their child had a chronic health condition
(Varni, Seid, & Kurtin, 2001). Specifically, parents answered a ques-
tion on the presence of a chronic health condition (“In the past 6
months, has your child had a chronic health condition?”) defined as
a physical or mental health condition that had lasted or was
expected to last at least 6 months and interfered with the child’s ac-
tivities as previously used in PedsQL™ studies (Varni, Burwinkle,
& Seid, 20065 Varni et al., 2001, 2003). Families in which parents
self-reported that their child had a chronic health condition were
not included in the matched healthy sample, consistent with previ-
ous PedsQL™ studies (Alonso et al., 2010; Pohl et al., 2012). From
the total sample of 792 families who participated in the Internet

Table I. Demographic Characteristics of Pediatric Patients With
Gastrointestinal Disorders/Diseases and Healthy Controls

Patient
families 7 (%)

Characteristics Healthy
families 7 (%)

or mean (SD)  or mean (SD)

Total number 689 552
Age 11.43 (4.58) 11.43 (4.33)
Gender
Male 318 (46.2%) 255 (46.2%)
Female 371 (53.8%) 297 (53.8%)
Race/ethnicity
White non-Hispanic 517 (75.0%) 415 (75.2%)
Hispanic 68 (9.9%) 55(10.0%)
Black non-Hispanic 63 (9.1%) 50(9.1%)
Asian/Pacific Islander 13 (1.9 %) 10 (1.8 %)
Native American 1(0.1%) 1(0.2%)
Other 27(3.9%) 21 (3.8%)
Parent education mothers
Less than high school graduate 40 (5.8%) 42 (7.6%)
High school graduate 88 (12.8%) 85 (15.4%)
Some college or certification course 180 (26.1%) 124 (22.5%)
College graduate 228 (33.1%) 193 (35.0%)
Graduate or professional degree 122 (17.7%) 108 (19.6%)
Missing 31(4.5%) 0(0%)
Parent education fathers
Less than high school graduate 59 (8.6%) 42 (7.6%)
High school graduate 111 (16.1%) 99 (17.9%)
Some college or certification course 141 (20.5%) 134 (24.3%)
College graduate 170 (24.7%) 164 (29.7%)
Graduate or professional degree 118 (17.1%) 113 (20.5%)
Missing 90 (13.1%) 0(0%)

Note. No significant differences were found between patient families in
comparison with healthy families.

survey, an age, gender, and race/ethnicity sample of 552 families
with healthy children was derived to match the age, gender, and
race/ethnicity of the final GI sample as previously reported (Varni,
Bendo, Denham, et al., 2015). The 552 families included 513 chil-
dren aged 5-18 years who PedsQL™
Gastrointestinal Symptoms and Worry Scales and 337 parents of
children aged 2-18 years who completed the PedsQL™. The aver-
age age of the 255 boys (46.2%) and 297 girls (53.8%) was 11.43
years (SD =4.33). Table I contains the participants’ characteristics

completed the

for the healthy controls group.

Procedures

Written parental informed consent and child assent (when age ap-
propriate) were obtained for these data during the field test study
(Varni et al., 2014). The research protocol for the field test study
was approved by the institutional review board at each participating
institution. Following initial identification by medical staff, eligible
families were notified about the field test study, which varied across
the nine sites, and included mailed recruitment letters, telephone
contact, or in-person contact during outpatient clinic appointments.
Data were collected across the nine sites by graduate and undergrad-
uate students, nurses, research assistants, and clinical research coor-
dinators following the online PedsQL™ administration guidelines
(www.pedsql.org). Questionnaire administration for the GI sample
was primarily conducted during clinic visits after the completion
of the informed consent and assent forms. For the healthy controls
reference sample, parental informed consent and child assent
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(when age appropriate) were obtained through the Web-based panel
survey protocol before questionnaire administration.

PedsQL™ Gastrointestinal Symptoms Module
Development

The PedsQL™ Gastrointestinal Symptoms Module items and scales
were developed through a literature review of the relevant research,
national consultation with pediatric gastroenterologists, and focus
interviews, cognitive interviews, and pretesting protocols with pedi-
atric patients and their parents (Varni et al., 2012). The PedsQL™
Gastrointestinal Symptoms Module includes 74 items incorporated
into 14 individual scales (Varni et al., 2014). The PedsQL™
Gastrointestinal Symptoms Module consists of 10 Gastrointestinal
Symptoms Scales, two Gastrointestinal Worry Scales, a Medicines
Scale, and a Communication Scale. Only the PedsQL™
Gastrointestinal Symptoms Scales and Gastrointestinal Worry Scales
from the PedsQL™ Gastrointestinal Symptoms Module are in-
cluded in the present study because the
Communication Scales are not relevant to healthy populations.

Medicines and

PedsQL™ Gastrointestinal Symptoms Scales

The PedsQL™ Gastrointestinal Symptoms Scales encompass 10 in-
dividual scales: (1) Stomach Pain and Hurt Scale (6 items), (2)
Stomach Discomfort When Eating Scale (5 items), (3) Food and
Drink Limits Scale (6 items), (4) Trouble Swallowing Scale (3 items),
(5) Heartburn and Reflux Scale (4 items), (6) Nausea and Vomiting
Scale (4 items), (7) Gas and Bloating Scale (7 items), (8)
Constipation Scale (14 items), (9) Blood in Poop Scale (2 items), and
(10) Diarrhea Scale (7 items). The format, instructions, Likert re-
sponse scale, and scoring method for the PedsQL™ Gastrointestinal
Symptoms Scales are identical to the PedsQL™ 4.0 Generic Core
Scales (Varni et al., 2001), with higher scores indicating better GI-
specific HRQOL and hence lower symptoms (Varni et al., 2014).

The Scales are composed of parallel child self-report and parent
proxy-report formats for children aged 5-18 years, and a parent
proxy-report format for children aged 2—4 years. Child self-report
forms are specific for ages 5-7, 8-12, and 13-18 years. Parent
proxy-report forms are specific for children aged 2-4 (toddler), 5-7
(young child), 8-12 (child), and 13-18 (adolescent) years, and assess
parents’ perceptions of their child’s GI-specific symptoms. The items
for each of the forms are essentially identical, differing in develop-
mentally appropriate language, or first- or third-person tense. The
instructions ask how much of a problem each item has been during
the past 1 month. A 5-point response scale is used across child and
adolescent self-report for ages 8-18 years and parent proxy-report
(0 =never a problem; 1 =almost never a problem; 2 = sometimes a
problem; 3 =often a problem; 4=almost always a problem). To
further increase the ease of use for the young child self-report (aged
5-7 years), the response scale is reworded and simplified to a 3-point
scale (0 =not at all a problem; 2 = sometimes a problem; 4 =a lot of
a problem), and uses a faces scale adapted from the Pediatric Pain
Questionnaire (Varni, Thompson, & Hanson, 1987).

Items are reverse-scored and linearly transformed to a 0-100
scale (0=100, 1=75, 2=150, 3=25, 4=0), so that lower scores
demonstrate more (worse) GI symptoms and hence lower (worse)
Gl-specific HRQOL. Scale Scores are computed as the sum of the
items divided by the number of items answered (this accounts for
missing data). If >50% of the items in the scale are missing, the
Scale Score is not computed (Fairclough, 2002). This accounts for
the differences in sample sizes for scales reported in the tables.
Although there are other strategies for imputing missing values, this

computation is consistent with the previous PedsQL™

reviewed publications as well as other well-established HRQOL
measures (Fairclough, 2002; Varni & Limbers, 2009). To create the
PedsQL™ Gastrointestinal Symptoms Scales Total Score (58 items),

peer-

the mean is computed as the sum of the items divided by the number
of items answered in the 10 PedsQL™

Scales.

Gastrointestinal Symptoms

PedsQL™ Gastrointestinal Worry Scales

The PedsQL™ Gastrointestinal Worry Scales encompass two indi-
vidual scales: (1) Worry About Going Poop Scale (5 items) and (2)
Worry About Stomach Aches Scale (2 items). The format, instruc-
tions, Likert response scale, and scoring method for the PedsQL™
Gastrointestinal Worry Scales are identical to the PedsQL™ 4.0
Generic Core Scales (Varni et al., 2001), with higher scores indicat-
ing better GI-specific HRQOL and hence lower worry (Varni et al.,
2014).

PedsQL™ Family Information Form
Parents completed the PedsQL™ Family Information Form, which
contains demographic information including the child’s date of

birth, gender, race/ethnicity, and parental education information
(Varni et al., 2001).

Statistical Analysis

Cronbach’s coefficient alpha was used to determine scale internal
consistency reliability (Cronbach, 1951). Scales with internal consis-
tency reliabilities of >0.70 are recommended for comparing patient
groups, while an internal consistency reliability criterion of 0.90 is
recommended for analyzing individual patient scores (Nunnally &
Bernstein, 1994).

The MID was calculated using the SEM. The SEM is derived by
multiplying the SD by the square root of 1-alpha (Cronbach’s alpha
reliability coefficient) (Wyrwich et al., 1999).

Cut-points were determined by examining scale scores >1 SD
and >2 SD below the healthy reference means (Carle et al., 2011;
Reynolds & Kamphaus, 2004). Once the cut-points were deter-
mined, the percentages of patients and healthy controls who scored
>1 SD and >2 SD below the healthy reference means were calcu-
lated. The percentages of patients who scored lower than a dichoto-
threshold are
interpreting PRO scores in the literature, and are similar in meaning

mous consistent with recommendations for
to the “proportions” of patients who achieve a designated dichoto-
mized value (Schiinemann et al., 2006). Pearson’s chi-square or
Fisher’s exact (for values <5) tests were used to test for differences
in proportions when expressed as percentages between patients in
comparison with the healthy controls and to each other. Bonferroni
familywise correction for multiple comparisons =0.05/13 was used
for child self-report and parent proxy-report. Statistical analyses
were conducted using SPSS.

Results

Demographic Characteristics: Comparisons Between
Groups

Descriptive characteristics of patients with GI disorders/diseases as a
group and healthy controls are shown in Table I. Independent sam-
ples # tests and chi-square analyses were used to determine any
group differences in age, gender, race/ethnicity, and parental educa-
tion. There were no significant differences between the combined
sample of pediatric patients with GI disorders/diseases and the
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healthy controls for age (#(1,239)=0.00, p>.05), gender (x?
(1)=0.00, p > .05), race/ethnicity (x> (5)=0.05, p >.05), mothers’
education (x> (4)=4.93, p>.05), or fathers’ education (x>
(4)=2.03, p >.05). The FGID group (M =9.86, SD =4.61) was sig-
nificantly younger than the organic GI group (M=13.26,
SD=3.77; t(683) = —10.45, p = .000) and was composed of signifi-
cantly more females (61% vs. 45%; 3% (1) =18.92, p =.000). There
were no race/ethnicity differences between the FGID group and the
organic GI group.

Internal Consistency Reliability

Cronbach’s alpha internal consistency reliability coefficients all ex-
ceeded the minimum reliability standard of 0.70 required for group
comparisons (Tables IT and III). The Gastrointestinal Symptoms
Scales Total Score exceeded the reliability criterion of 0.90 recom-
mended for analyzing individual patient scores, as did a number of
the individual scales, including patient self-reported Symptoms
Total Score, Stomach Pain and Hurt Scale, Stomach Discomfort
When Eating Scale, Food and Drink Limits Scale, Gas and Bloating
Scale, and the Constipation Scale (Table II).

MID Scores

Table II shows the MID scores for pediatric patients with GI disor-
ders/diseases as a group. Table III shows the MID scores separately
for patients with FGIDs or organic GI diseases.

These MID values provide information on the clinical interpret-
ability of the scales. For example, in Table II, a patient self-reported
score that changed >5.76 on the Constipation Scale is a numerical
value indicating the smallest clinically meaningful change in this scale
that can be detected specifically for patients with GI disorders/diseases
as a group. The other MID values in Table II can be similarly inter-
preted. In Table III, for example, a patient self-reported score that
changed >7.74 on the Stomach Pain and Hurt Scale for the FGIDs
group is a numerical value indicating the smallest clinically meaning-
ful change in this scale that can be detected specifically for patients
with FGIDs as a group. The other MID values in Table III can be simi-
larly interpreted for the FGID and organic GI groups.

Cut-Point Scores

Table IT shows the >1 SD and >2 SD cut-points for the PedsQLTM
Gastrointestinal Symptoms and Worry Scales based on the healthy
reference means in the columns labeled “Cut Point >1 SD” or “Cut
Point >2 SD” under the “Healthy Controls” heading. Using these
cut-points, the percentage of patients and healthy controls who
scored below these cut-points was computed as shown in the col-
umns labeled “% Cut Point >1 SD” or “% Cut Point >2 SD” under
the headings “Gastrointestinal Disorders/Diseases” and “Healthy
Controls” in Table II, and “Functional Gastrointestinal Disorders”
and “Organic Gastrointestinal Diseases” in Table III.

In Table II, all of the percentages were significantly higher for
patients with GI disorders/diseases as a combined group in compari-
son with the healthy controls (p <.001), except for the Trouble
Swallowing Scale for patient self-report and parent proxy-report,
and the patient self-reported Heartburn and Reflux Scale and
Nausea and Vomiting Scale scores for >2 SD from the healthy con-
trols reference means after Bonferroni familywise correction for
multiple comparisons (p=.0038). These significance levels are
shown in the columns labeled “% Cut Point >1 SD” or “% Cut
Point >2 SD” under the “Healthy Controls” heading in Table II.

As shown in Table III, patients with FGIDs demonstrated higher
percentages of scale scores >1 or >2 SDs from the healthy controls

reference cut-points in comparison with patients with organic GI
diseases for the patient self-reported Symptoms Total Score,
Stomach Pain and Hurt Scale, Stomach Discomfort When Eating
Scale (for >1 SD only), Nausea and Vomiting Scale, and the Worry
About Stomach Aches Scale (for >2 SD only) after Bonferroni fam-
ilywise correction for multiple comparisons (p =.0038). These sig-
nificance levels are shown in the columns labeled “% Cut Point >1
SD” or “% Cut Point >2 SD” under the “Organic Gastrointestinal
Diseases” heading in Table III. Parent proxy-report demonstrated
significant differences between patients with FGIDs in comparison
with patients with organic GI diseases for the Stomach Pain and
Hurt Scale, Constipation Scale, and the Blood in Poop Scale (for >1
SD only) in Table IIT after Bonferroni familywise correction for mul-
tiple comparisons (p =.0038).

Discussion

The findings support the clinical interpretability of the new
PedsQL™ Gastrointestinal Symptoms Scales and Gastrointestinal
Worry Scales in pediatric patients with GI disorders/diseases as a
group and patients with FGIDs and patients with organic GI dis-
eases separately by providing MID values for each of the scale scores
and cut-points for >1 and >2 SD below the healthy controls refer-
ence means. The MID scores in the tables represent the smallest clin-
ically meaningful change in the individual scales that can be
detected for these patient groups, and represent meaningful varia-
tion in the measured construct (latent variable) that is likely not a
function of measurement error (Hilliard et al., 2013). Thus, the
MID represents a single value for each scale (with 95% confidence
intervals), separately for patient self-report and parent proxy-report,
that indicates the magnitude of change in scale scores that is detect-
able by the patient and parent as a clinically meaningful difference
in the construct being measured by the individual scale, and provides
an important reference point that can be used in clinical research
and practice (Hilliard et al., 2013). Taken together with the findings
on known-groups validity (Varni, Bendo, Denham, et al., 2015),
these data address the recommended minimum standards for clinical
interpretability of PRO scale scores (Reeve et al., 2013).

The cut-point scores derived from the healthy controls reference
sample may be useful in benchmarking. PedsQL™
Symptoms and Worry Scales scores >2 SD from the healthy refer-

Gastrointestinal

ence means were all within the range of scores for patients with a GI
disorder/disease. The results demonstrated that pediatric patients
with FGIDs and organic GI diseases as a group manifested signifi-
cantly greater percentages of symptoms and worry scores below the
cut-points than the healthy controls. The results also showed that
pediatric patients with FGIDs as a group generally manifested
greater percentages of symptoms and worry scores below the cut-
points than pediatric patients with organic GI diseases. Because GI
symptoms are relatively ubiquitous in pediatric populations
(Chitkara, Rawat, & Talley, 2005; Saps et al., 2009; van den Berg,
Benninga, & Di Lorenzo, 2006), future research should investigate
whether these new scales have potential application not only in dis-
ease-specific groups, but also at the population health level, in iden-
tifying children with persistent GI symptoms that may warrant
further evaluation and intervention.

Each of the individual PedsQL™ Gastrointestinal Symptoms
and Worry Scales can be used as stand-alone scales targeting the spe-
cific symptoms pertinent to a particular pediatric FGID or organic
GI disease given the requirements of a clinical trial or practice need,
as well as subgroup differences across scales. This use of individual
scales has precedence from other PedsQL™ Modules (Varni et al.,
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2011). Each of the individual scales is brief and easy to score.
Selecting scales that are most relevant given the objectives and hy-
potheses of a clinical trial addresses the recommended standards for
“acceptable patient and investigator burden” (Reeve et al., 2013,
p- 1889) and the Consolidated Standards of Reporting Trials PRO
extension (Calvert et al., 2013).

The present study has several strengths, including the relatively
large overall sample size for both the GI patients and healthy sam-
ples, the broad age range of participants, and the nationwide repre-
sentation of the participants. Limitations include the lack of
information on the demographic characteristics and number of fami-
lies who were approached and chose not to participate in the study,
and a primarily Caucasian sample and high level of parental educa-
tion, which may limit generalizability. Further, not all possible GI
disorders were included (e.g., celiac disease). Due to sample size lim-
itations for the individual age-groups, we were not able to provide
MID and cut-points for specific ages. Future research with larger
sample sizes for the individual age-groups will be needed to further
validate the findings of the current analyses. The FGID group was
younger than the organic GI group and was composed of more fe-
males. These sample differences are consistent with the broader GI
literature, in which females are reported to experience greater func-
tional symptoms, particularly abdominal pain and somatic com-
plaints without identifiable organic cause (Chitkara et al., 20035;
Saps et al., 2009). The older age of the organic GI group may reflect
the fact that patients with Crohn’s disease, which comprised the
largest group of patients with organic GI disease in the current
study, are typically diagnosed during adolescence and hence would
be expected to be older than the FGID group (Kim & Ferry, 2004),
who are often initially diagnosed at younger ages (Chitkara et al.,
2005; Saps et al., 2009; van den Berg et al., 2006). Thus, the age
and gender characteristics of the sample in this regard may resemble
population parameters for these characteristics. We did not adjust
for these age and gender differences in our comparative analyses be-
tween patients with FGIDs and patients with organic GI diseases be-
cause the unadjusted scores are required for reporting MID scale
scores, which will serve as reference values for future investigations
in determining sample size requirements and clinically meaningful
change using these new scales.

We used the widely used SEM distribution-based method in de-
termining the MID given the data available from the field test study
database (Varni et al., 2014). As stated by Wyrwich et al. (2013),
“these distribution-based methods for PRO interpretation provide
an alternative to anchor-based methods when an appropriate anchor
is not available” (p. 480). Nevertheless, future studies with these
new scales should investigate anchor-based methods such as clinical
variables and disease-specific indices. For example, for patients with
organic GI diseases such as inflammatory bowel disease, disease ac-
tivity indices such as the Pediatric Crohn’s Disease Activity Index
(Hyams et al., 2005) and the Pediatric Ulcerative Colitis Activity
Index (Turner et al., 2007) or other potential anchor-based methods
such as laboratory-based measures of inflammation should be con-
sidered. Future research will need to include these indices in the vali-
dation of these new scales in patients with organic GI diseases.
However, the diagnosis of an FGID based on Rome III criteria spe-
cifically requires that an FGID diagnosis is made only in patients in
whom there is no evidence of organic disease (Rasquin et al., 2006).
Therefore, identifying clinical parameters for anchor-based methods
may be more challenging in pediatric patients with FGIDs.
Additionally, it might be anticipated that the MID calculated for in-
dividual diagnostic groups (e.g., Crohn’s disease, irritable bowel
syndrome) will be more precise in the determination of MID values

most relevant for a given diagnosis. Calculating the cut-point per-
centages for individual scales for specific diagnostic groups and age-
groups will further contribute to our understanding of the clinical
interpretability of these new scales.

Finally, the methods contained within this study have direct rele-
vance to pediatric psychology research and practice. Pediatric psy-
chologists are typically strong advocates for hearing the voices of
the children in matters of their health and well-being in pediatric set-
tings (Varni et al., 2005), including the youngest children feasible
(Varni, Limbers, & Burwinkle, 2007a). As such, developing stan-
dardized PRO measurement instruments that reflect the patient’s
perspective, and which include meaningful clinical indicators of
change and the identification of levels of functioning indicative of
at-risk status and clinical impairment, are well within the purview
of pediatric psychology research and practice (Hilliard et al., 2013;
Ryan et al., 2013; Varni, Limbers, & Burwinkle, 2007b).
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Hospital Colorado, Aurora, CO (PI: Deborah A. Neigut, MD);
Center for Motility and Functional Gastrointestinal Disorders,
Boston Children’s Hospital, Harvard Medical School, Boston, MA
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Medical Center of Dallas, University of Texas Southwestern
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