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Abstract

Objectives To investigate the patient-reported multidi-
mensional gastrointestinal symptoms predictors of generic
health-related quality of life (HRQOL) in pediatric patients
with functional gastrointestinal disorders (FGIDs).
Methods The Pediatric Quality of Life Inventory”
(PedsQL™!)  Gastrointestinal Symptoms Scales and
PedsQL™ 4.0 Generic Core Scales were completed in a
9-site study by 259 pediatric patients with functional con-
stipation, functional abdominal pain (FAP), or irrita-
ble bowel syndrome (IBS). Gastrointestinal Symptoms
Scales measuring stomach pain, stomach discomfort when
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eating, food and drink limits, trouble swallowing, heartburn
and reflux, nausea and vomiting, gas and bloating, consti-
pation, blood in poop, and diarrhea were identified as
clinically important symptom differentiators from healthy
controls based on prior findings, and subsequently tested
for bivariate and multivariate linear associations with
overall HRQOL.

Results Gastrointestinal symptoms were differentially
associated with decreased HRQOL in bivariate analyses for
the three FGIDs. In predictive models utilizing hierarchical
multiple regression analyses controlling for age, gender,
and race/ethnicity, gastrointestinal symptoms differentially
accounted for an additional 47, 40, and 60 % of the vari-
ance in patient-reported HRQOL for functional constipa-
tion, FAP, and IBS, respectively, reflecting large effect
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sizes. Significant individual gastrointestinal symptoms
predictors were identified after controlling for the other
gastrointestinal symptoms in the FGID-specific predictive
models.

Conclusions Gastrointestinal symptoms represent poten-
tially modifiable predictors of generic HRQOL in pediatric
patients with FGIDs. Identifying the condition-specific
gastrointestinal symptoms that are the most important
predictors from the patient perspective facilitates a patient-
centered approach to targeted interventions designed to
ameliorate impaired overall HRQOL.

Keywords Irritable bowel syndrome - Functional
constipation - Functional abdominal pain - Gastrointestinal
symptoms - Patient-reported outcomes - PedsQL

Abbreviations

IBS Irritable bowel disease

FAP Functional abdominal pain

FGID Functional gastrointestinal disorder
HRQOL Health-related quality of life
PedsQL™  Pediatric Quality of Life Inventory™
PRO Patient-reported outcome
Introduction

Functional constipation, functional abdominal pain (FAP),
and irritable bowel syndrome (IBS) are three of the most
common pediatric functional gastrointestinal disorders
(FGIDs) internationally [1]. IBS and FAP are abdominal
pain predominant FGIDs that adversely affect generic
(general or non-disease-specific) health-related quality of
life (HRQOL) [2—4]. While patients with IBS or FAP both
manifest recurring abdominal pain [5-8], there are also IBS
subtypes, with the IBS constipation subtype the most fre-
quent (58.1 %), followed by unsubtyped IBS (34 %), IBS
diarrhea subtype (5 %), and the IBS mixed subtype (2 %,
includes both constipation and diarrhea) [9]. Pediatric
patients with functional constipation generally report
infrequent bowel movements, intermittent abdominal pain,
feeling bloated, straining throughout bowel movements,
and incidences of fecal incontinence as a consequence of
rectal fecal impaction, with no identifiable organic etiology
[10]. Pediatric functional constipation also adversely
affects generic HRQOL [2, 11, 12].

Findings utilizing the Pediatric Quality of Life Inven-
tory™ (PedsQL™) Gastrointestinal Symptoms Scales, a
multidimensional gastrointestinal symptom-specific patient-
reported outcome (PRO) measurement instrument, suggest a
broad gastrointestinal symptoms profile for pediatric
patients with functional constipation, FAP, or IBS compared
to healthy controls [13, 14]. The identification of specific
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patient-reported gastrointestinal symptoms predictors of
generic HRQOL in pediatric patients with different FGIDs
derived from a standardized multidimensional gastroin-
testinal symptoms profile may facilitate targeted interven-
tions designed to ameliorate impaired overall HRQOL.
Nevertheless, to our knowledge, there has been no prior
research utilizing pediatric patient self-reported multidi-
mensional gastrointestinal symptoms to identify the most
salient predictors of generic HRQOL in pediatric patients
with functional constipation, FAP, or IBS.

Consequently, in order to address this significant gap in
the pediatric literature, the primary objective of the present
study was to investigate the predictive impact of a broad
multidimensional gastrointestinal symptoms profile on
generic HRQOL from the perspective of pediatric patients
with functional constipation, FAP, or IBS. We examined
each FGID individually to increase the clinical precision of
our multivariate predictive models. Based on the concep-
tualization of disease-specific symptoms as causal indica-
tors of generic HRQOL [15], and our previous findings
which identified significant differences across a broad
multidimensional gastrointestinal symptoms profile when
comparing pediatric patients with functional constipation,
FAP, or IBS to matched healthy controls [13, 14], we
expected that individual scales measuring patient-reported
gastrointestinal symptoms would be significantly associ-
ated with generic HRQOL at the bivariate level of analysis.
We further hypothesized that multidimensional gastroin-
testinal symptoms as a group would explain a significant
amount of the variance in generic HRQOL. Given the lack
of definitive prior research on the impact of multidimen-
sional gastrointestinal symptoms on generic HRQOL uti-
lizing multivariate statistical methods, a priori hypotheses
were not generated regarding the relative significance of
the individual gastrointestinal symptoms in the multivariate
predictive models tested.

Methods
Pediatric patients and settings

Pediatric patients with physician-diagnosed functional
constipation, FAP, or IBS were recruited from nine pedi-
atric tertiary care gastroenterology clinical sites across the
USA for the PedsQL™ Gastrointestinal Symptoms Mod-
ule field test study (See “Appendix”) [16]. Participants
were identified through medical chart review with ICD-9-
CM diagnostic codes 564.1 (irritable bowel syndrome),
789.0 (functional abdominal pain, NOS), or 564.0 (chronic
constipation) and met pediatric Rome III criteria for IBS,
FAP, or functional constipation [1]. Data collection for the
PedsQL™ Gastrointestinal Symptoms Module field test
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study took place between March 2011 and November 2013
[16]. The present study reports unique statistical analyses
of the data from the existing field test study database
[2, 13, 14, 16-19]. Specifically, we have not previously
reported on multivariate models predicting generic
HRQOL utilizing the Gastrointestinal Symptoms Scales in
pediatric patients with IBS, FAP, or functional constipa-
tion. Written parental informed consent and child assent
(when age appropriate) were obtained during the field test
study [16]. The research protocol for the field test study
was approved by the Institutional Review Board at each
participating institution.

Measures
PedsQL™ Gastrointestinal Symptoms Scales

The PedsQL™ Gastrointestinal Symptoms Scales from the
PedsQL™ Gastrointestinal Symptoms Module encompass
10 individual 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) Consti-
pation Scale (14 items), (9) Blood in Poop Scale (2 items),
and (10) Diarrhea Scale (7 items). The PedsQL™ Gas-
trointestinal Symptoms Module items and scales were
developed through a literature review of the relevant
research, national consultation with pediatric gastroen-
terologists, as well as focus interviews, cognitive inter-
views, and pretesting protocols with pediatric patients and
their parents [20]. The format, instructions, Likert response
scale, and scoring method for the PedsQL™ Gastroin-
testinal Symptoms Scales are identical to the PedsQL™
4.0 Generic Core Scales [21], with higher scores indicating
better HRQOL and hence lower symptoms [16]. The Scales
are comprised of parallel child self-report and parent
proxy-report formats for children ages 5-18 years, and a
parent proxy-report format for children ages 2—4 years.
Child self-report forms are specific for ages 5-7, 8-12, and
13-18 years. For the purposes of the present study, only
patient self-report scales are included given the focus on
patient-reported outcomes. The instructions ask how much
of a problem each item has been during the past 1 month.
A 5-point response scale is utilized across child and ado-
lescent self-report for ages 818 (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 young child self-report
(ages 5-7), 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 utilizes a faces scale
adapted from the Pediatric Pain Questionnaire [22].

Items are reverse-scored and linearly transformed to a
0-100 scale (0 = 100, 1 = 75,2 = 50,3 = 25,4 = 0), so
that lower scores demonstrate more (worse) gastrointestinal
symptoms and hence lower (worse) gastrointestinal-speci-
fic HRQOL. Scale Scores are computed as the sum of the
items divided by the number of items answered (this
accounts for missing data). If more than 50 % of the items
in the scale are missing, the Scale Score is not computed
[23]. Although there are other strategies for imputing
missing values, this computation is consistent with previ-
ous PedsQL peer-reviewed publications as well as other
well-established HRQOL measures [24]. Cronbach’s alpha
internal consistency reliability coefficients and known-
groups validity for the PedsQL™ Gastrointestinal Symp-
toms Scales have been previously reported for these pedi-
atric patients with FGIDs [13, 14], as well as young
children ages 5-7 years from a broader group of patients
with FGIDs and organic gastrointestinal diseases [16].

PedsQL™ 4.0 Generic Core Scales

The 23-item PedsQL™ 4.0 Generic Core Scales encom-
pass: (1) Physical Functioning Scale (8 items), (2) Emo-
tional Functioning Scale (5 items), (3) Social Functioning
Scale (5 items), and (4) School Functioning Scale (5 items)
[21]. To create the Total Scale Score, the mean is com-
puted as the sum of the items divided by the number of
items answered in the Physical, Emotional, Social, and
School Functioning Scales. The Total Scale Score mea-
sures overall generic HRQOL [21]. Higher scores indicate
better HRQOL. Cronbach’s alpha internal consistency
reliability coefficients and known-groups validity for the
PedsQL™ 4.0 Generic Core Scales have been previously
reported for these pediatric patients with FGIDs [2], as well
as young children ages 5-7 years from a large group of
healthy and ill pediatric participants [25].

PedsQL Family Information Form

Parents completed the PedsQL™ Family Information
Form which contains demographic information including
the child’s age, gender, and race/ethnicity information [21].

Statistical analysis

PedsQL™ Gastrointestinal Symptoms Scales were selec-
ted as potential predictors of generic HRQOL based on
previous findings comparing pediatric patients with IBS,
FAP, or functional constipation to age, gender, and race/
ethnicity matched healthy controls [13, 14]. Specifically,
we selected the Gastrointestinal Symptoms Scales that
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demonstrated medium (0.50) to large (>0.80) effect size
differences between patients with IBS, FAP, or functional
constipation versus matched healthy controls [13, 14]. We
considered these clinically important differences based on
prior evidence [26].

Pearson product-moment correlation analyses were
conducted to test the bivariate associations between the
hypothesized predictor variables (PedsQL™ Gastroin-
testinal Symptoms Scales) with generic HRQOL as mea-
sured by the PedsQL™ 4.0 Generic Core Scales Total
Scale Score (dependent variable). Bivariate correlation
effect sizes are designated as small (0.10), medium (0.30),
and large (0.50) in magnitude [27]. Only independent
variables significantly associate with the dependent vari-
able at the bivariate level of analysis were included as
predictor variables in subsequent multivariate analyses.
Predictive analytics models utilizing multiple regression
analyses were conducted to statistically predict the generic
HRQOL criterion variable (Generic Core Scales Total
Score) by the Gastrointestinal Symptoms Scales predictor
variables after controlling for age, gender, and race/eth-
nicity demographic variables [28]. Multiple regression
analysis is a conservative statistical approach that isolates
the effects of a predictor variable on a criterion variable by
controlling for the influence of covariates [28]. Hierarchi-
cal multiple regression analysis was the statistical proce-
dure for testing the incremental variance accounted for by
the set of Gastrointestinal Symptoms Scales predictors.

In the hierarchical multiple regression analyses pre-
dicting the generic HRQOL criterion variable, age (con-
tinuous variable), gender (coded male = 1, female = 2),
and race/ethnicity (dichotomized and coded White non-
Hispanic = 1, other race/ethnicity = 0 given the small
number of patients identified in some of the race/ethnicity
groups) were entered in Step 1 as demographic covariates
(statistical control variables). The Gastrointestinal Symp-
toms Scales previously identified as demonstrating clini-
cally important differences between pediatric patients with
IBS, FAP, or functional constipation and matched healthy
controls, and significantly associated with generic HRQOL
at the bivariate level in the current analyses, were entered
as a group in Step 2 in separate hierarchical multiple
regression models for each FGID. This sequence of hier-
archical steps was intended to control for the age, gender,
and race/ethnicity background variables in Step 1 which
might influence generic HRQOL, as well as to test the
incremental variance accounted for (R® change) by the
selected gastrointestinal symptoms as a group in Step 2 in
predicting generic HRQOL in the statistical models tested.
R? is the explained variability divided by the total vari-
ability around the criterion variable mean. R? change is the
percentage of variability in the criterion variable (HRQOL
mean) explained by the step. In this way, the covariance
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(shared variance) in the predictor variables and covariates
were controlled, facilitating interpretation of incremental
variance by the gastrointestinal symptoms predictor vari-
ables as a group. Multiple regression effect sizes (R?) are
designated as small (0.02), medium (0.13), and large (0.26)
in magnitude [27]. Statistical analyses were conducted
using IBM SPSS (Armonk, New York).

Results
Patient characteristics

A total of 259 pediatric patients with FGIDs ages 5-18 years
completed all of the PedsQL™ scales included in the present
study. For the 108 patients with functional constipation, the
average age of the 56 boys (51.9 %) and 52 girls (48.1 %) was
9.65 years (SD = 3.23). With respect to race/ethnicity, the
sample contained 68 (63.0 %) White non-Hispanic, 17
(15.7 %) Hispanic, 17 (15.7 %) Black non-Hispanic, 1 (0.9 %)
Asian/Pacific Islander, and 5 (4.6 %) Other. For the 113
patients with FAP, the average age of the 32 boys (28.3 %) and
81 girls (71.7 %) was 12.50 years (SD = 3.43). With respect to
race/ethnicity, the sample contained 87 (77.0 %) White non-
Hispanic, 15 (13.3 %) Hispanic, 3 (2.7 %) Black non-Hispanic,
1 (0.9 %) Asian/Pacific Islander, and 7 (6.2 %) Other. For the
38 patients with IBS, the average age of the 7 boys (18.4 %) and
31 girls (81.6 %) was 13.93 years (SD = 3.49). Withrespect to
race/ethnicity, the sample contained 32 (84.2 %) White non-
Hispanic, 5 (13.2 %) Hispanic, and 1 (2.6 %) Black non-
Hispanic.

Gastrointestinal Symptoms and Generic Core Scales
means and standard deviations

Table 1 contains the means and standard deviations of the
Gastrointestinal Symptoms Scales and Generic Core Total
Scale Score for each FGID. It is instructive to note that the
Generic Core Total Score overall for healthy children has
been previously reported as 83.84 (SD = 12.65,
N = 5480) [29]. Thus, the Generic Core Total Scores for
each of the three FGIDs are approximately 1 SD below
(i.e., 71.19) the healthy population benchmark score.

Bivariate correlations between gastrointestinal
symptoms with generic HRQOL

Table 1 demonstrates the bivariate correlations between
the Gastrointestinal Symptoms Scales with the Generic
Core Total Scale Score for each FGID. All of the Gas-
trointestinal Symptoms Scales were significantly correlated
with generic HRQOL for pediatric patients with functional
constipation or FAP (all Ps < 0.001), demonstrating
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Table 1 PedsQL™ Gastrointestinal Symptoms Scales and Generic Core Total Scale Scores with bivariate correlations in pediatric patients with
functional constipation, functional abdominal pain, and irritable bowel syndrome

Gastrointestinal Symptoms Scales Functional Functional Irritable bowel ~ Generic Core Total Score

and Generic Core Total Score constipation ~ abdominal pain  syndrome Bivariate correlations®
Mean Mean Mean Functional Functional Irritable bowel
(SD) (SD) (SD) constipation ~ abdominal pain  syndrome

Patient self-report N = 108" N=113" N =38 N = 108" N=113" N =38°

Generic Core Total Score 71.03 69.24 68.55 - - -
(18.94) (14.88) (18.12)

Stomach Pain and Hurt 60.80 37.87 37.61 0.63#%%* 0.51%#%%* 0.52%%*
(26.37) (20.87) (22.56)

Stomach Discomfort When Eating ~ 76.36 60.73 55.66 0.53 %% 0.47%%% 0.717%%*
(25.28) (27.15) (32.22)

Food and Drink Limits 71.25 61.83 56.58 0.38#s#* 0.39%** 0.46%*
(28.03) (27.56) (35.96)

Trouble Swallowing - 82.74 - - 0.39%** -

(22.90)

Heartburn and Reflux 77.03 71.63 73.52 0.47#%%* 0.327%%* 0.37%*
(22.49) (22.18) (22.06)

Nausea and Vomiting 79.78 68.70 72.09 0.427%%% 0.46%#%* 0.42%%*
(23.27) (22.04) (25.76)

Gas and Bloating 61.23 62.03 49.75 0.507%#* 0.4 1% 0.17
(29.23) (24.58) (25.25)

Constipation 58.91 72.05 59.59 0.55%%%* 0.47%%%* 0.31%
(27.17) (23.87) (21.75)

Blood in Poop 87.04 - 88.16 0.28%#* - 0.02
(25.17) (21.54)

Diarrhea 67.84 80.58 73.78 0.55%#%* 0.34#%% 0.24
(24.71) (20.83) (24.55)

Effect sizes for Pearson r designated as small (0.10), medium (0.30), and large (0.50)

Lower scores demonstrate more (worse) gastrointestinal symptoms and hence lower (worse) gastrointestinal-specific HRQOL
*P < 0.05, **P < 0.01, ***P < 0.001 for Pearson product-moment correlation coefficients

 Bivariate correlations between the Gastrointestinal Symptoms Scales with the Generic Core Total Score

" Listwise N. SD, standard deviation. —, not applicable (see text)

medium to large effect sizes. For pediatric patients with
IBS, stomach pain and stomach discomfort when eating
demonstrated large effect sizes (P < 0.001), while the
other gastrointestinal symptoms demonstrated medium to
small effect sizes, with several symptoms not significantly
associated with generic HRQOL.

Hierarchical multiple regression analyses predicting
generic HRQOL in FGIDs

Table 2 presents the separate hierarchical multiple regres-
sion analyses predicting generic HRQOL in pediatric
patients with functional constipation, FAP, or IBS. For
pediatric patients with functional constipation, after con-
trolling for age, gender, and race/ethnicity in Step 1, the
gastrointestinal symptoms as a group in Step 2 significantly

accounted for 47 % of the variability in patient-reported
generic HRQOL (F (9, 95) = 10.60, P < 0.001), repre-
senting a large effect size. Stomach pain (f = 0.32,
P < 0.01) and diarrhea (ff = 0.22, P < 0.05) were signif-
icant individual predictor variables after controlling for the
other gastrointestinal symptoms and the demographic
variables.

For pediatric patients with FAP, after controlling for
age, gender, and race/ethnicity in Step 1, the gastroin-
testinal symptoms as a group in Step 2 significantly
accounted for 40 % of the variability in patient-reported
generic HRQOL (F (9, 100) = 7.81, P < 0.001), repre-
senting a large effect size. Stomach pain (f = 0.34,
P < 0.001) was a significant individual predictor variable
after controlling for the other gastrointestinal symptoms
and the demographic variables.

@ Springer
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Table 2 Hierarchical multiple regression analyses predicting generic health-related quality of life by the gastrointestinal symptoms predictor
variables controlling for demographic variables in pediatric patients with functional gastrointestinal disorders

Predictor variables and step Functional constipation f§

Functional abdominal pain f§ Irritable bowel syndrome f8

Step 1. Demographic variables

Age —.10
Gender 0.19%*
Race/ethnicity 0.15

R’ 0.07%
Step 2. Gastrointestinal symptoms

Stomach pain and hurt 0.32%*
Stomach discomfort when eating 0.04
Food and drink limits 0.06
Trouble swallowing -
Heartburn and reflux 0.05
Nausea and vomiting 0.00
Gas and bloating 0.05
Constipation 0.13
Blood in poop 0.03
Diarrhea 0.22%
R? change 0.47%%%
R? full model 0.54%+

—.17 .06
0.09 -.25
0.12 —.16
0.04 .09
0.347#5%% 0.03
0.09 0.887##*
0.11 —.01
0.15 _

—.01 0.30
0.06 —.18
0.08 -

0.19 —-.23
—.09 _
0.407%** 0.60%**
0.44#%% 0.68%**

p = Standardized regression coefficients (beta weights)

Gender coded: 1 = male, 2 = female.. — = not applicable (see text)

Race/ethnicity coded: White non-Hispanic = 1, other race/ethnicity = 0

R? = Percentage of variability in the criterion variable (HRQOL mean) explained by the step
R? effect sizes designated as small (0.02), medium (0.13), and large (0.26)

* P <0.05; ¥* P <0.01; #* P <0.001

For pediatric patients with IBS, after controlling for age,
gender, and race/ethnicity in Step 1, the gastrointestinal
symptoms as a group in Step 2 significantly accounted for
60 % of the variability in patient-reported generic HRQOL
(F (6, 28) = 8.75, P < 0.001), representing a large effect
size. Stomach discomfort when eating (f = 0.88,
P < 0.001) was a significant individual predictor variables
after controlling for the other gastrointestinal symptoms
and the demographic variables.

Multicollinearity statistics

Given the significant intercorrelations among the gas-
trointestinal symptoms predictors (see Appendix Tables 3,
4, 5), multicollinearity statistics were examined to deter-
mine whether these intercorrelations might influence the
interpretability of the hierarchical multiple regression
analyses. Specifically, multicollinearity can be identified
using tolerance and the reciprocal variance inflation factor
(VIF) statistics. A commonly accepted standard is that a
tolerance value of 0.10 or less and a VIF value of 10 or
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more indicates evidence of problematic multicollinearity
[28].

In the hierarchical multiple regression analyses for
functional constipation, no gastrointestinal symptoms pre-
dictor variable demonstrated problematic multicollinearity,
with the lowest tolerance value (0.34) and highest VIF
value (2.98) shown for constipation. In the hierarchical
multiple regression analyses for FAP, no gastrointestinal
symptoms predictor variable demonstrated problematic
multicollinearity, with the lowest tolerance value (0.37)
and highest VIF value (2.72) shown for gas and bloating. In
the hierarchical multiple regression analyses for IBS, no
gastrointestinal symptoms predictor variable demonstrated
problematic multicollinearity, with the lowest tolerance
value (0.26) and highest VIF value (3.82.) shown for
stomach upset when eating. However, for IBS, the negative
beta weights for food and drink limits, nausea and vomit-
ing, and constipation suggest multicollinearity concerns
(i.e., the signs are in the opposite direction to the bivariate
correlations for these three variables with generic
HRQOL). Nevertheless, the significant predictor variable
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in the hierarchical multiple regression was stomach dis-
comfort when eating, which demonstrated the largest
bivariate correlation with generic HRQOL (r = 0.71, see
Table 1). Since stomach discomfort when eating demon-
strated the lowest tolerance value and highest VIF value, it
is instructive to note that it was highly correlated in the
bivariate intercorrelations with stomach pain and hurt
(r = 0.68, see Appendix Table 5), and the three predictor
variables with negative signs, that is, food and drink limits
(r = 0.54), nausea and vomiting (» = 0.50), and consti-
pation (r = 0.57). Thus, the beta weights in the hierarchi-
cal multiple regression analyses demonstrate a pattern
consistent with the high bivariate correlations between
stomach discomfort when eating with generic HRQOL, and
the high bivariate intercorrelations of stomach discomfort
when eating with stomach pain and hurt, food and drink
limits, nausea and vomiting, and constipation.

Discussion

Our findings demonstrate that pediatric patient-reported
gastrointestinal symptoms as a group were significant
predictors of generic HRQOL in the three FGIDs studied,
accounting for 47, 40, and 60 % of the variance in patient-
reported generic HRQOL for functional constipation, FAP,
and IBS, respectively, reflecting large effect sizes.

Our findings are unique in that we investigated the
combined effects on generic HRQOL of a broad multidi-
mensional gastrointestinal symptoms profile individually
for each of the FGIDs studied, identifying the relative
impact of the symptoms from the patient perspective. Past
research with functional constipation, FAP, and IBS has
generally investigated the impact of these gastrointestinal
disorders on generic HRQOL by simply comparing the
generic HRQOL scores between the specific FGID and
healthy samples. In contrast, investigating the specific
effects of a broad gastrointestinal symptoms profile on
generic HRQOL for each FGID potentially identifies more
precise treatment targets that may be amenable to tailored
interventions to improve overall HRQOL in these patients.
The assessment of pediatric patient gastrointestinal symp-
toms utilizing a standardized multidimensional gastroin-
testinal symptoms measurement instrument identifies in a
systematic way the gastrointestinal symptoms that are most
strongly associated with impaired HRQOL from the
patient’s perspective. Utilizing multi-item scales to mea-
sure these symptom constructs is different than typical
clinical practice and provides a more reliable and valid
approach than simply asking patients about their symptoms
without a standardized measurement instrument.

While our primary objective was to examine the
bivariate and multivariate associations of a broad

multidimensional gastrointestinal symptoms profile on
generic HRQOL in three specific FGIDs, we also explored
the relative significance of individual gastrointestinal
symptoms in the hierarchical multiple regression analyses.
Although the clinical interpretation of the findings must be
considered within the constraints of the high intercorrela-
tions among some of the symptoms scores, the hierarchical
multiple regression analyses nevertheless provide plausible
insights that may contribute important clinical information
beyond the bivariate correlations with generic HRQOL.
Specifically, for pediatric patients with constipation,
stomach pain and diarrhea were the significant individual
predictor variables after controlling for the other gastroin-
testinal symptoms and age, gender, and race/ethnicity.
Even though the Constipation Scale demonstrated the
lowest scale score (more gastrointestinal symptoms) among
the gastrointestinal symptoms profile, followed by the
Stomach Pain and Hurt and Gas and Bloating Scales, the
Diarrhea Scale nevertheless includes items such as “I have
poop accidents in my underwear” that may reflect fecal
incontinence or encopresis and/or the effects of laxative
treatments for patients with functional constipation [30]. It
would be expected that overflow incontinence in one’s
clothes would have a significant negative impact on
patient-reported daily functioning and overall HRQOL
[31, 32]. The findings for FAP are very direct, with
stomach pain identified as the significant individual pre-
dictor. For IBS, the findings are more complex, in part
because of the broader symptoms profile of IBS [13], and
the high intercorrelations among several of the individual
gastrointestinal symptoms with the resulting multi-
collinearity issues in the multivariate analyses. Neverthe-
less, the items in the Stomach Discomfort When Eating
Scale, which was the only significant individual predictor
variable in the IBS multivariate analyses, would appear to
reflect concerns that would have a major impact on daily
functioning. Specifically, the scale items such as “When I
eat I get sick to my stomach,” and “When I eat my
stomach feels bad” may be conceptualized as responses to
“trigger foods” that may elicit the worsening of abdominal
pain and the initiation of other gastrointestinal symptoms
such as gas and bloating, constipation, and diarrhea
[33-37]. Thus, stomach discomfort when eating, and the
associated elicitation or cascading of other bothersome
gastrointestinal symptoms, would logically be expected to
negatively impact generic HRQOL and serves as useful
patient-reported outcomes for interventions which identify
and eliminate trigger foods so as to enhance daily func-
tioning in pediatric patients with IBS. The finding of the
importance of stomach discomfort when eating as a salient
symptom in pediatric IBS is consistent with the literature,
predominantly thus far in adult patients with IBS, high-
lighting the salience of postprandial worsening of stomach
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pain and the elicitation of associated gastrointestinal
symptoms [38—40], with recommended modified diets to
eliminate the purported trigger foods as common non-
pharmacological interventions [41-44].

The present study included a relatively large overall
sample size for patients with FGIDs, with nationwide
representation. Limitations include the lack of information
on families who chose not to participate, the sample size
for IBS would ideally have been larger, although it is
reflective of the low relative prevalence of this disorder
compared with functional constipation and FAP, the lack of
information on the therapies that the patients were being
administered, the potential for shared method variance
among the gastrointestinal symptoms scales and generic
HRQOL, and the cross-sectional design, which limits
assumptions of directionality in statistical prediction.
Longitudinal research will be necessary to test the direc-
tionality of the variables tested [45].

In conclusion, the findings identified specific gas-
trointestinal symptoms and their relative impact from the
patient perspective that may be important modifiable
predictors of overall generic HRQOL in pediatric
patients with functional constipation, FAP, and IBS. In
developing interventions to ameliorate impaired overall
HRQOL in these patients, targeting the potentially
modifiable patient-identified gastrointestinal symptoms
predictors might be most advantageous in maximizing
treatment effectiveness in improving daily functioning
and patient well-being.
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See Appendix Tables 3, 4, and 5.

Table 3 Pearson’s product-moment intercorrelations among the PedsQL™ Gastrointestinal Symptoms Scales for pediatric patients with

functional constipation

Gastrointestinal Symptoms Scales

Functional constipation

SP SE FD HB NV GB CC BP
Stomach pain and hurt (SP) -
Stomach discomfort when eating (SE) 0.73%:%% -
Food and drink limits (FD) .37 0.46%* -
Heart burn and reflux (HB) 0.46%3 0.4773%% 0.427%%% -
Nausea and vomiting (NV) 0.55%#:* .54k 0.557%k* .59k -
Gas and bloating (GB) 0.53 %% 0.497%:k% 0,333k 0,57 0.367%%* -
Constipation (CC) 0.61%*:* 0.61%#:* 0.39%3#:* 0.55%#: 0.51%s%* 0.70%*:
Blood in poop (BP) 0.35%:% 0.33%3%: 0.327%%% 0.34 %% 0.307%%* 0.247%%* 0.46%%* -
Diarrhea (DA) 0.507%s#* 0.46%#* .37k 0.45%s#% 0.287%#* 0.56%#* 0.51 %% 0.15

Listwise N = 108. — = not applicable

Effect sizes for Pearson r designated as small (0.10), medium (0.30), and large (0.50)

* P < 0.05; ¥* P <0.01; *** P < 0.001

Table 4 Pearson’s product-moment intercorrelations among the PedsQL™ Gastrointestinal Symptoms Scales for pediatric patients with

functional abdominal pain

Gastrointestinal Symptoms Scales

Functional abdominal pain

SP SE FD TS HB NV GB CC
Stomach pain and hurt (SP) -
Stomach discomfort when eating (SE) (.59 -
Food and drink limits (FD) .28k 0.44#5% -
Trouble swallowing (TS) 0.15 0.307%s#* 0.4 5% -
Heart burn and reflux (HB) 0.17* 0.35%#:% 0.4 sk 0.487%%* -
Nausea and vomiting (NV) 0.47%%#:% 0.49%#3% 0.48%:* 0.48%#3#* 0.53%s%* -
Gas and bloating (GB) 0.307%:k:* 0.54 %33 0.36%#: 0.433%:k% 0.5k 0.4k -
Constipation (CC) 0.30%3#: 0.427%5%% 0.377#s%% 0.46%%* 0.387%%* 0.427%%% 0.63%:%* -
Diarrhea (DA) 0.21%* 0.4 1% 0.507%s#: 0.427%%% .37 0.45%:%% 0.507%:#* 0.63**%*

Listwise N = 113. — = not applicable

Effect sizes for Pearson r designated as small (0.10), medium (0.30), and large (0.50)

* P < 0.05; ¥* P <0.01; ** P < 0.001

Table 5 Pearson’s product-moment intercorrelations among the PedsQL™ Gastrointestinal Symptoms

irritable bowel syndrome

Scales for pediatric patients with

Gastrointestinal Symptoms Scales

Irritable bowel syndrome

SP SE FD NV
Stomach pain and hurt (SP) -
Stomach discomfort when eating (SE) 0.68%** -
Food and drink limits (FD) 0.36* 0.54 %% -
Heart burn and reflux (HB) 0.37* 0.35% 0.25
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Table 5 continued

Gastrointestinal Symptoms Scales

Irritable bowel syndrome

SP SE FD HB NV
Nausea and vomiting (NV) 0.46%* 0.50%*:% 0.02 0.45%*
Constipation (CC) 0.38%* 0.57%#3%:% 0.39%* 0.41%** 0.13

Listwise N = 38. — = not applicable

Effect sizes for Pearson r designated as small (0.10), medium (0.30), and large (0.50)
* P < 0.05; ¥ P <0.01; *** P <0.001
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