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Abstract
Functional gastrointestinal disorders (FGIDs) are characterized by chronic or recurrent gastrointestinal symptoms (GS) that
are not explained by structural or biochemical abnormalities. FGIDs are related to lower quality of life, increased demands on
medical resources, and greater somatization and emotional instability. Furthermore, GS appears to be an indicator of dysbiosis
in gut-microbiota, affecting the gut-microbiota-brain relationship. To develop and evaluate the psychometric properties of a
new instrument called the Gastrointestinal Symptom Severity Scale (GSSS) using a web-based survey in a sample of neu-
rotypical children and adolescents from Spain. Instrument development and validation processes were applied to the GSSS
following its administration as part of an online survey. The sample included 1242 neurotypical children and adolescents. The
mean age of participants was 13.95 years, with a standard deviation of 1.37 years. Overall, 13.8% suffered infectious diarrhea,
12.6% suffered abdominal pain, 5% suffered dyspepsia and 2.6% suffered gastro-esophageal reflux. A single-factor model
produced good fit indices. Furthermore, internal consistency and test-retest reliability outcomes were acceptable. The GSSS
was found to have acceptable metric measurement invariance. Significant correlations with other instruments were produced
and were of expected direction and magnitude, confirming scale validity for hypothesis testing.

Conclusions: The GSSS shows promising psychometric properties for assessing GS in neurotypical Spanish adolescents
and children.

What is Known:

o To the best of our knowledge, instruments assessing the severity of gastrointestinal symptoms in children and adolescents are still too few.

What is New:

o The GSSS shows promising psychometric properties for assessing GS in neurotypical adolescents and children. The GSSS may help improve
understanding of GS involvement in the gut-brain microbiota axis in children and adolescents.
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Introduction

Functional gastrointestinal disorders (FGIDs) are charac-
terized by a number of chronic or recurrent gastrointestinal
symptoms (GS) that are not explained by structural or bio-
chemical abnormalities. In addition, such disorders signifi-
cantly impinge upon quality of life in both the individual
and their family. FGIDs are diagnosed and classified using
standardized criteria, as outlined by the Rome Founda-
tion. Rome IV criteria (2016) argues that such conditions
should be considered in terms of their impact on gut—brain
interaction, acknowledging the complex psycho-biosocial
interaction inherent to their pathogenesis [1]. New Rome
criteria reflect improved detection of FGIDs from that
seen with the previous version [2].

Irritable bowel syndrome (IBS), functional dyspep-
sia and functional constipation are FGIDs with complex
pathophysiology’s. Furthermore, a high prevalence of
individuals with FGID-criteria meeting symptoms has
been found in the general population, with FGIDs being
more frequent in women [3]. Specifically, functional
abdominal pain disorders are common disorders affecting
between 3 and 16% of the neurotypical pediatric popu-
lation [4]. GS prevalence has been found to be similar
in non-clinical adolescent populations [2, 5]. Likewise,
between 9.9 and 29% of neurotypical children and ado-
lescents have been reported to suffer from FGIDs [5].
Specifically, this pertains to a prevalence of between 2
and 22.90% for acute diarrheal illness [6, 7], between 0.1
and 45.1% for irritable bowel syndrome, between 0.2 and
6.2% for cyclic vomiting, between 31.3 and 86.9% for
functional constipation, 11.5% for dyspepsia, and between
2.4 and 55.1% for abdominal pain [2, 5, 8]. As a conse-
quence, FGIDs affect quality of life [3, 9] places a strain
on health resources [10].

Children and adolescents with and without neurode-
velopmental disorders, such as Autism Spectrum Disor-
der (ASD), can frequently have gastro-intestinal problems
(e.g., gastroesophageal reflux) associated with feeding
problems. Such individuals may exhibit more restrictive
dietary patterns (e.g., picky eaters) caused by sensitivity to
certain foods. The avoidance of such foods may be associ-
ated with adverse circumstances (e.g., [11-14]). Cognitive
rigidity and taste sensitivity appear to be significant pre-
dictors of selective or “picky” eating in children and ado-
lescents, regardless of sex [14]. Further, associations have
been found between anxiety, sensory reactivity and chronic
abdominal pain [13, 15, 16]. Furthermore, research suggests
a significant relationship between obsessive-compulsive
symptoms of some mental disorders (e.g.: obsessive-
compulsive disorder) and GS [17, 18]. In this way, stud-
ies indicate that there may be a relationship between GS,

@ Springer

emotional instability and gut dysbiosis. Thus, the psycho-
biological symptoms discussed above can reveal the nature
of the gut-microbiota- brain relationship [12, 19-24].

To the best of our knowledge, instruments assessing the
severity of gastrointestinal symptoms in children and adoles-
cents are still too few and far between. Some GS measure-
ment instruments focus on measuring symptoms through
information provided by caregivers (e.g. Questionnaire on
Pediatric Gastrointestinal Symptoms—Rome 111 [QPGS-
RIII]) [2] or are administered to adults to gather self-reported
information (e.g. Gastrointestinal Symptoms Severity Index
[GISSI]) [25]. A measure is, therefore, required which can
be used to collect self-report data during the developmental
period of childhood and adolescence. In this regard, ado-
lescence is a transitional period during which a series of
important psychophysiological changes occur. In this sense,
there is a need to explore GS during this crucial life stage in
order to develop a measure that can be administered during
childhood, adolescence and adulthood [26]. Furthermore,
recent studies highlight the need to develop new scales that
address Rome IV criteria (e.g. [2, 3, 27]. This is due to the
fact that the prevalence differs between Rome III and IV
criteria due to changing symptomatology [2]. Therefore,
there are a series of limitations to the scales that have been
developed in the past to evaluate GS, among which is that
the same scale has not been adapted for the developmental
period (childhood, youth, adolescence and adulthood), nor
is there a version for caregivers and professionals.

Aims of the present study

Based on the aforementioned, the present research team
developed a new instrument, the Gastrointestinal Symp-
tom Severity Scale (GSSS). The following six objectives
were outlined:

e Develop an instrument for assessing the severity of gas-
trointestinal symptoms, the GSSS.

e Examine the structural validity of the GSSS using
sequential analysis comprising exploratory factor analy-
sis (EFA) and confirmatory factor analysis (CFA) in a
sample of neurotypical children and adolescents.

e Examine the internal consistency and test-retest reliabil-
ity at 4 weeks of the GSSS in a sample of neurotypical
children and adolescents.

e Examine measurement invariance of the GSSS, as a
function of sex, in a sample of neurotypical children
and adolescents.

e Examine validity of the GSSS for hypothesis testing
by comparing outcomes with those produced by other
related instruments in a sample of neurotypical children
and adolescents.
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e Provide descriptive data on GSSS in a sample of neuro-
typical children and adolescents.

Methods
Design

A web-based instrumental study was conducted to develop,
validate, and examine the psychometric properties of the
new instrument GSSS [28, 29] in a sample of neurotypi-
cal children and adolescents recruited in Spain. It consists
of three phases adapted from the methodology outlined by
Slavec and Drnovsek [30] (Fig. 1).

Development and content validity
of the new instrument

The purpose of developing the GSSS was to create a meas-
ure capable of providing information on the severity of gas-
tro-intestinal symptoms in non-autistic and autistic children
and adolescents. The main focus of the present study is on
outcomes pertaining to the non-autistic group. Rome IV cri-
teria were adhered to [1].

Figure 2 illustrates the instrument development process.
The GSSS was developed by a multidisciplinary team (pedi-
atric specialists, psychiatrists, a doctor in psychology and a
doctor in chemistry specialized in gut microbiota) [31]. Ini-
tial items were generated based on Rome IV criteria, clinical
experience, patient records, expert opinion, and review of
existing literature and validated symptom questionnaires. An

P

initial list of 18 symptoms was drawn in direct reference to
Rome IV criteria [1].

Items were designed to garner information on the fre-
quency with which a sensation was experienced, the degree
of discomfort caused and the extent to which this sensation
posed an issue to patients. A reported issue is deemed to
be problematic in cases in which a sensation is either very
intense or annoying, highly frequent, impedes the realiza-
tion of daily living activities and/or leads to negative conse-
quences for the individual or others.

In order to assess content validity and understanding of
the items, the survey was administered to a pediatrician and
child psychiatrist, a neuropsychologist and two lecturers of
education. Critical evaluation focused on the content, com-
pleteness (as determined according to Rome IV criteria)
and clarity of the survey. The revised instrument was pilot
tested with 10 adolescents with neurotypical development,
providing information of clarity of questions and adminis-
tration time. The questionnaire was further revised based
on feedback received from this pilot. From an initial list of
18 symptoms, a 10-item questionnaire was developed that
assessed gastrointestinal symptoms. Items were submitted
to evaluation and refinement processes as described above
until a total of 7 items were retained which fit Rome criteria
(rumination syndrome, vomiting, gas, abdominal pain, con-
stipation, diarrhea and episodes of defecation in inappropri-
ate places). Each item comprised a description of the condi-
tion with information being collected on the length of time,
in weeks or months, that the gastro-intestinal symptom had
been experienced. Finally, face validity was conducted with
10 adolescents with neurotypical development to ensure that
all items were easy to understand, did not include offensive

® Based on Rome IV
criteria, patients

e A pediatrician and
child psychiatrist, a

e Structural validity
testing (n=621 for
exploratory factor

Fig. 1 Phases of the GSSS development and validation study. Adapted from: Slavec and Drnovsek [ 30 ]

reports, clinical
experience, expert
opinion, and review of
existing literature and
validated symptom
questionnaires.

¢ 18 hypothetical
scenarios.

neuropsychologist
and two lecturers of
education (n=5).

e Target population
(n=10).

® 7 items.

analysis and n=621
for confirmatory
factor analysis).

¢ Internal consistency
testing (n=1242).

o Test-retest reliability
(n=74).

¢ Hypothesis testing
for construct validity
(n=1242).

* Metric measurement
invariance regarding
sex (n=1205).
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ﬂenerated based on: \ [ STEP 1. ITEM GENERATION
-Rome IV criteria.
-Clinical experience.
-Expert opinidn (pediatric
specialists, psychiatrists, a
doctor in psychology and a

doctor in chemistry specialized Initial list of symptoms in direct reference to Rome IV criteria:
in gut microbiota). 1- Gastroesophageal reflux.
-Patient records. 2- Dyspepsia (early satiety, significant fullness, stomach pain or burning).
-Review of literature and 3- Nonspecific abdominal pain.
\ relevant measures. / 4- Infectious diarrhea (viruses, bacteria).
5- Peptic ulcer disease.

6- Irritable bowel syndrome.

7- Inflammatory bowel disease.

8- Crohn's disease.

9- Ulcerative Colitis.

10- Celiac disease.

11- Infantile dyskinesia (failure to defecate).

APOOLOF 18 12- Significant flatulence.

HYPOTHETICAL 13- Regurgitation or rumination.
SCENARIOS 14- Vomiting.

15- Gases.

16- Constipation.

17- Incontinence.

18- Defecation in inappropriate places.

l——— —————————————————————1

STEP 2. CONTENT VALIDITY |

Expert comitee: Critical evaluation according to
-A pediatrician. Rome IV criteria: 1t ROUND: A
-Achild psychiatrist. <:> _Completeness. POOL OF 10
-A neuropsychologist. -Comprehensibility. HYPOTHETICAL
-Two lecturers of education. -Relevance. SCENARIOS

Target population: Critical evaluation:
-10 adolescents with -Comprehensibility.
neurotypical development.
FINALLY, A
- POOL OF 7
ITEMS WAS
SELECTED
L — — — _— — — — _— —-— — — — _— — — — _— —-— — — — — — _— _—
F — — L) _— — — — — — — — — — — — — — — — — — — — _— I

STEP 3. FACE VALIDITY

Target population:
-10 adolescents with
neurotypical development.

< -Comprehensibility (Face Validity): 7 minutes; an expert interviewer.
NO CHANGES l -Did not include offensive expressions and did not discriminate on the basis of age or sex.

7 ITEMS WHICH FIT ROME CRITERIA
(rumination syndrome, vomiting, gas,
> abdominal pain, constipation, diarrhea
and episodes of defecation in
inappropriate places)

Fig.2 Development process of the GSSS
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expressions and did not discriminate on the basis of age or
sex. No difficulties in item understanding were observed.

Participants

Participants were selected, via non-probabilistic conveni-
ence sampling, from nine schools in the regions of Alicante,
Murcia and Andalusia (Spain). The selection process took
place between March 2022 and May 2023. Eligibility crite-
ria included: (1) aged 16 years and under, (2) children and
adolescents with typical development, and (3) proficient
in Spanish.

Sample size

In consideration of the latest guidelines in the field of psycho-
metrics developed by Ferrando et al. [32] and Lloret-Segura
et al. [33], a sample size of at least 500 cases is recom-
mended for performing EFA (n=250) and CFA (n=250),
even under optimal conditions and with well-determined fac-
tors. The total study sample consisted of 1242 participants.

Recruitment

Participants completed all study measures online using the
web-based survey tool, LimeSurvey (LimeSurvey GmbH,
Hamburg, Germany). At the beginning of each question-
naire, each participant was requested to enter a unique code
generated by LimeSurvey and a valid email address to ena-
ble their later participation in the study. All codes and emails
were analyzed to ensure that no participant responded mul-
tiple times. Consent to participate came from participant’s
parents and/or caregivers in accordance with the Declaration
of Helsinki. Appropriate instructions were provided on each
instrument to enable completion of the web-based question-
naire. The total time required to complete all instruments
was approximately 20 min. Participants completed all pro-
cedures in their classrooms. A researcher remained in the
classroom throughout questionnaire administration to assist
students who experienced difficulties.

Measures
Clinical questionnaire on gastro-intestinal symptoms

This is an ad hoc questionnaire that was developed to iden-
tify gastro-intestinal disorders according to Rome IV crite-
ria [1]. The tool comprises a series of questions regarding
gastrointestinal disorders (e.g. diarrhea, abdominal pain,
dyspepsia, gastroesophageal reflux, etc.) and family history.

Gastrointestinal Symptom Severity Scale (GSSS)

As discussed above, an instrument was elaborated based on
Rome IV criteria [1] comprising 7 items regarding the main
gastro-intestinal symptoms (constipation, diarrhea, average
stool consistency, stool odor, abdominal pain, flatulence and
gas). Scale items are rated on a four-point Likert scale rang-
ing from O (none/nothing or this symptom does not occur)
to 3 (very frequent and troublesome symptom). The sever-
ity of gastrointestinal symptoms was evaluated according
to three criteria: (1) intensity or degree of discomfort, (2)
it is very common, and 3) negatively affects other activities
in daily life. The instrument has two versions, a web-based
version for caregivers/professionals and a web-based version
for children and adolescents. In the present study, the web-
based version for children and adolescents was administered.

Pain and Sensitivity Reactivity Scale (PSRS)

The PSRS evaluates reactivity to pain and sensory reactiv-
ity through 50 items. It is composed of three dimensions:
Pain, sensory hyporeactivity and sensory hyperreactivity.
Items are rated on a four-point Likert scale ranging from
0 (behavior does not occur) to 3 (behavior occurs and is a
severe problem). Sensory hyposensitivity and sensory hyper-
sensitivity dimensions comprise tactile, olfactory, visual,
gustatory and auditory items. The pain reactivity domain
of the scale comprises seven items. The PSRS is based on
theoretical postulates conceived by Miller et al. [34] pertain-
ing to sensory modulation disorders, in which the proposed
nosology for diagnosis separates such disorders according to
three main patterns (hyper-response, hypo-response and sen-
sory seeking). Two versions of the PSRS are available, with
a version for caregivers/professionals and another self-report
version for individuals themselves. The present study refers
to the self-report version. Internal consistency of the overall
scale and its subscales, examined according to Cronbach's
alpha, has been shown to be good in a neurotypical Spanish
population of young adults (PSRS-overall =.92; pain=.79;
broad sensory hyporeactivity =.88; broad sensory hyperre-
activity =.90) [35]. The caregiver version of the PSRS has
also shown excellent internal consistency when administered
to an Spanish ASD sample (pain=.83; broad sensory hypo-
reactivity =.90; broad sensory hyperreactivity =.93) [36].

Sensory Over-Responsivity Scales (SORS)

SORS assesses sensory hyperreactivity to auditory, tactile,
visual, olfactory and taste stimuli. SORS was adapted from
a measure used with a general community sample [37]. It
consists of rating scales to measure distress and impairment
in relation to both auditory and tactile over-reactivity [38].

@ Springer
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Each scale on the SORS contains 4 questions that are rated
on a 4-point scale, with overall scores ranging from 0 to 80.
Overall subscale scores are calculated individually and range
from O to 16, with higher scores indicating greater severity.
Strong internal consistency, in accordance with Cronbach’s
alpha, of SORS overall and its subscales has been shown
in sample from the United States (SOR-overall =.93;
SOR-hearing =.89; SOR-touch =.88; SOR-smell =.90;
SOR-sight=.94; SOR-taste =.88) and in a sample from
Spain (hearing =.89; touch =.86; smell =.91; sight=.90;
taste=.86) [39].

Obsessive-Compulsive Inventory - Revised (OCI-R)

The OCI-R is an 18 item self-report questionnaire that
assesses obsessive-compulsive symptom severity using a
5-point Likert scale ranging from 0 (not at all) to 4 (very
much). The OCI-R comprises 6 factors that represent the fol-
lowing symptom domains: Checking, ordering, neutralizing,
washing, obsessing and hoarding [40]. Each factor is com-
posed of 3 items (possible range =0-12). Overall, the measure
has shown good internal consistency in samples from various
countries, with Cronbach’s a ranging from .81 to .95 [41-43].

Data analysis

The total number of observations (N = 1,242) was randomly
divided into two samples, sample 1 (n=621) and sample 2
(n=621). All analytical procedures were performed using
the free software R (version 6.3). The performance of the
instrument was analyzed by calculating skewness, kurtosis,
and floor and ceiling effects. Skewness and kurtosis
coefficients greater than 1.5 or lower than- 1.5 indicate that
the assumption of normality is violated [32, 33]. Floor and
ceiling effects are considered present when more than 15%
of participant responses correspond to extreme response
categories (high end or low end) [29, 44]. According to criteria
outlined by Rhemtulla et al. [45], data were considered to be
ordinal. Instrument structure was evaluated using exploratory
factor analysis (EFA) in data reported by sample 1. Adequacy
of the EFA was evaluated using the Kaiser-Meyer-Olkin
(KMO) test (acceptable values>.70) [46], Bartlett’s test of
sphericity (p <.05 being acceptable) [47] and the coefficient
of determination (R* close to 0 is acceptable) [32, 33]. In
order to determine the number of factors comprised by the
instrument, parallel analysis (PA) [32, 33, 48] and Cattell’s
Scree Test (CTS) [49] were used. EFA was performed
with the “psych” package [50] using the unweighted least
squares (ULS) estimation method recommended for
categorical variables when the normality assumption is
violated, alongside Promax rotation [32, 33]. Item selection
and retention criteria included: (a) saturation > .40 and
(b) elimination of Heywood cases (saturation>1) [51].
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Subsequently, the structure obtained via EFA was evaluated
through confirmatory factor analysis (CFA) using data
collected from sample 2. For this, the “Lavaan” package
[52] was used, employing the weighted least square means
and variance adjusted (WLSMV) method, as recommended
for ordinal variables [53]. Model fit was assessed using
according to the comparative fit index (CFI), Tucker-Lewis
index (TLI) and root mean square error of approximation
(RMSEA), with CFI> .90, TLI> .90 and RMSEA <.06 being
considered acceptable [29, 54]. Three statistical adjustments
were proposed: (1) tau-equivalent, (2) congeneric and (3)
correlated errors (modification indices > 35000). Models
with Heywood cases, < 35000 correlated errors and negative
variances were rejected [32, 33, 55]. Internal consistency
was assessed for the overall sample by calculating the
ordinal alpha coefficient, which provides a more precise
estimate for categorical response scales. An a>.70 indicates
acceptable reliability [56, 57]. Test-retest reliability (n="74)
was evaluated after four weeks by calculating the interclass
correlation coefficient (ICC). ICC values > .60 are considered
to be good [58]. Predictive power regarding hypothesis testing
was evaluated by calculating product-moment correlations
between relevant factors and items of the GSSS and other
instruments measuring related but different constructs, in this
case, the PSRS, SOR and OCI-R. Sufficient predictive power
is shown through correlations of around 0.20-0.50 [29], which
would confirm the hypothesis that the instrument measures
what it was designed to measure. Measurement invariance as a
function of sex, discarding all ‘other’ responses, was evaluated
(n=1,205) in accordance with the method outlined by Wu
and Estabrook [59], which assesses four levels of invariance:
(a) configural invariance; (b) metric invariance; (c) scalar
invariance; (d) residual invariance. In this sense, ACFI and
ARMSEA differences of <.010 and <.015, respectively, were
considered to indicate insignificant measurement variance and
show measurement invariance [60].

Ethical considerations

The present study was approved by the Ethics Committee of
the University of Alicante in Spain (reference: UA-2019-10-
04. Approval Date: March 27, 2020).

Results

Socio-demographic and clinical characteristics
of the sample

Sociodemographic characteristics of the sample are shown in
Table 1. Of the 1242 participants evaluated, 85.3% were aged
between 13 and 16 years, with 49.4% being female. A total of
94.7% of the sample was of Spanish nationality.
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Table 1 Sociodemographic characteristics of the total sample

Variables n (%)
Years
<years old 183 (14.7)
13 to 16 years old 1059 (85.3)
Sex
Female 614 (49.4)
Male 591 (47.6)
Other 37 (3)
Country/region of origin
Spain 1176 (94.7)
Rest of Europe 14 (1.1)
America 30 (2.4)
Africa 16 (1.3)
Asia 6 (0.5)

The presence of gastrointestinal disorders in the sample is
detailed in the supplementary information (Supplementary
Table S1). Specifically, in the present sample of children and
adolescents with typical development, 13.8% were found to
have infectious diarrhea, 12.6% abdominal pain, 5% dyspep-
sia and 2.6% gastroesophageal reflux.

Psychometric assessment

Table 2 presents outcomes indicating the performance of
instrument items. Floor effects, skewness and kurtosis were
found meaning that data were considered to be ordinal.

Exploratory factor analysis

Factor extraction was carried out using PA and CST (Fig. 3).
Subsequently, EFA was carried out using the initial set
of 7 items. This EFA produced a KMO >.70, Bartlett p
value < .05 and a coefficient of determination that was close
to zero. In accordance with pre-determined criteria, no item
was eliminated based on these outcomes. Table 3 presents
factor loadings pertaining to all items. The GSSS explains a
moderate percentage of overall variance, 39.92%.

Confirmatory factor analysis

Outcomes of the adjusted CFA performed to meet predefined
criteria are presented in Table 4.

The tau-equivalent model (Fig. 4) presents marginal fit.
The congeneric model supported following EFA presents
excellent fit, with factor loadings ranging between .37 and
.64 (Fig. 5).

Internal consistency and reliability

The GSSS shows an internal consistency for the total scale
of .73 measured with ordinal alpha. The GSSS shows a test-
retest reliability at 4 weeks of .71 (CI: .587-.812).

Measurement invariance

Measurement invariance outcomes are presented in Table 5.
Outcomes indicate that metric measurement invariance
regarding sex can be assumed, since none of the com-
parisons revealed a change in fit outside of the range of
ACFI<.010 or ARMSEA <.015.

Hypotheses testing for construct validity

Product-moment correlations between factor scores reported
for the GSSS, and PSRS, SOR and OCI-R scores are pre-
sented in Table 6. Overall, PSRS, SOR and OCI-R scores
correlate positively with GSSS scores (r=.278 to .924;
p <.01), with correlations being in the expected direction
and of the expected magnitude.

GSSS Descriptive Statistics

Supplementary information Table S2 presents mean and per-
centage GSSS outcomes for the overall sample and accord-
ing to sex. No significant differences are observed between
females and males.

Table 2 Item performance of
the GSSS

Items

Min Max M (SD) Skewness Kurtosis F.E (%) C.E

. Regurgitation or rumination
. Vomiting

Gas

. Abdominal pain

. Constipation

. Diarrhea

= N N S

. Defecation in inappropriate place

(%)
0 3 .19(44) 251 732 1020(82.1) 4(3)
0 3  26(50) 1.96 415 941(75.8) 5(4)
0 3  .49(68) 1.39 1.89  735(59.2) 23(1.9)
0 3 37(66) 1.93 357 881(70.9) 23(1.9)
0 3 30(60) 2.29 562 941(75.8) 19(1.5)
0 3  25(50) 2.16 540  957(77.1) 7(6)
0 3 .08(32) 4.64 2474 1149 (92.5) 2(.2)

FE floor effect, CE ceiling effect, M mean SD standard deviation Min minimum, Max maximum

@ Springer
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Fig.3 Factor extraction plot of the GSSS

Discussion
Main findings

The study aimed to evaluate the psychometric properties
of the new GSSS instrument in a Spanish sample of neu-
rotypical children and adolescents. The end result was a
7-item questionnaire with a 4-point Likert scale which
measures the severity of GS (Supplementary information

Table 3 Results of exploratory factor analysis of the GSSS

S3). The study findings show that the GSSS has acceptable
and promising psychometric properties.

The prevalence of GS in different countries, cultures and
life stages is of great interest to the scientific community and
in professional practice. Present outcomes regarding the prev-
alence of FDIGs in neurotypical children and adolescents are
highly similar to those reported in other countries [2, 5-8].

GS can be present in the child and adolescent popula-
tion and in adults, emerging in both clinical and non-clinical

Table 4 Results of confirmatory factor analysis of the GSSS

Models 22 df RMSEA CFI TLI
Items Factor 90% CD
1 ™ 96.235 20 .064 .848 .840
1. Regurgitation or rumination .50 (:048-.081)
2. Vomiting 46 CM 16.382 14 .017 983 975
' ' (.000-.044)
3. Gas .54
CE** - - - - -
4. Abdominal pain .66
5. Constipation .59 RMSEA Root Mean Squared Error of Approximation, CFI Com-
6. Diarrhea 60 parative Fit Index, TLI Tucker-Lewis Index, CI Confident Inter-
7 Defecation in inappropriate place 4 val, TM Tau-Equivalent Model, CM Congeneric Model, CE Corre-
) pprop P ) lated Error Model
Explained variance % 39.92

@ Springer

**Models rejected on the basis of previously agreed criteria
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Table 6 Hypothesis testing for construct validity
F1 SSGS
PSRS Pain 36%*
Total Hypo ATHF
Hypo- Tactile 99
059 0,49 039 037 0.44 049 0. Hypo-Olfactory 39
Hypo-Visual 35%*
Hypo-Taste 35%*
1 Hypo-Auditory 35%*
E m Total Hyper 39%*
Hyper-Tactile 34
Fig.4 Factor loadings of the confirmatory factor analysis for the tau Hyper-Olfactory S
equivalent model Hyper-Visual 28
Hyper-Taste 30%*
Hyper-Auditory 27F*
SOR Touch 3k
F1 Smell 28
Sight 30%*
Taste 27%*
Hearing 31F*
OCI-R Hoarding 31F*
0.37 0,53 055 0.64 0.52 0.55 0.50 Checking o
Ordering 29%*
Neutralizing 28%*
Washing 28%*
@ m Obsessing 35%*

Fig.5 Factor loadings of the confirmatory factor analysis for the con-
generic model

populations (e.g., [2, 4, 5]). Questionnaires such as the GSSS
can be helpful in analyzing the severity of GS at important
life stages in clinical populations [13]. In this way, the tra-
jectory of gastro-intestinal development can be identified.
A previous study administering the GSSS to a sample
of individuals with ASD showed it to have a single-factor
structure [61]. Findings obtained in the present study

GSSS Gastrointestinal Symptom Severity Scale, PSRS Pain and Sen-
sitivity Reactivity Scale, OCI-R Obsessive Compulsive Inventory
— Revised, SOR Sensory Over-Responsivity Scale, Total Hypo Total
Sensory Hyporeactivity, Total Hyper Total Sensory Hyperreactivity,
**=p<0.01

confirm the presence of a single-factor structure, which was
corroborated through the use of sequential analysis in the
form of EFA and CFA. Excellent fit indices, in line with that
recommended in existing literature, were obtained for the
congeneric model using CFA [29, 54]. Acceptable internal
consistency of the GSSS was also found (>.70), with this

Table 5 Measurement

. . Model X2 gl CFI ACFI RMSEA ARMSEA
Invariance as a function of sex (90% CT)

Configurational 31.655 28 .986 - .015 -
(.000-.036)

Metric 38.202 34 984 -.002 014 -.001
(.000-.034)

Scalar 95.238 40 790 -.194 .048 .034
(.036-.061)

Strict 115.078 47 741 -.049 .049 .001
(.038-.061)

RMSEA Root Mean Squared Error of Approximation, CFI Comparative Fit Index, TLI Tucker-Lewis

Index, CI Confident Interval

@ Springer
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being in line with that reported by previously conducted
research [56, 57]. In addition, test-retest reliability was good
(=.60) [29, 58]. These findings are similar to those reported
by other validation studies using instruments with similar
characteristics to the GSSS and conducted with adult popu-
lations (e.g., [25]).

In terms of measurement invariance, the GSSS exhibited
metric measurement invariance. This is a great advantage as
it allows for meaningful comparisons between sex, ensur-
ing that the same construct is measured consistently across
groups. This not only facilitates valid comparisons, but, also,
allows researchers to draw accurate conclusions regarding
differences or similarities between males and females [59].

In relation to predictive power, the initially proposed
hypothesis is confirmed. Significant correlations, ranging
from moderate to strong, were observed between the GSSS
and the dimensions of hyporeactivity and hyperreactivity
included on the PSRS. Additionally, significant positive
correlations were identified between GSSS, SORS and the
OCI-R. These findings align with previous research indicat-
ing a relationship between sensory reactivity, pain and GS
[13, 15, 16]. Such associative patterns are evident, not only
overall, but, more notably, in relation to tactile stimuli. An
explanation for these findings may be found in the function-
ing of the numerous mechanosensory circuits distributed
throughout the GI tract. These circuits rely on a range of
proposed specialized and non-specialized mechanosensory
cells that include epithelial enterochromaffin cells, sensory
neurons, glia, interstitial cells of Cajal and smooth mus-
cle cells. The neuro-epithelial mechanosensory circuit in
the gut and the light touch circuit in the skin have many
similar characteristics, including their implication in gastro-
intestinal health [62].

In relation to the descriptive statistics of the GSSS, we
provide percentiles of the instrument within our context to
identify individuals at risk of developing and/or and/or suf-
fering from severe GS. Based on these reference points, it is
possible to identify outlier values, which would suggest the
need for evaluation by a medical professional [63].

Strengths and limitations

The main strengths of the present study are the high meth-
odological and psychometric standards applied to the valida-
tion of the GSSS. Furthermore, confirmation of measure-
ment invariance represents a state-of-the-art approach with
strong practical implications regarding the interpretation of
group differences. Despite these strengths, it is crucial to
mention that while percentiles have been provided to iden-
tify individuals at risk of developing and/or suffering from
severe GS, these should be considered with caution. Future
studies would benefit from calculating the sensitivity and

@ Springer

specificity of the instrument using AUC-ROC curves, taking
into consideration a clinical gold standard. This approach
would enhance the instrument’s applicability. Also, as seen
in previous studies, one of the limitations of the present
study is that the self-report version of the instrument was
applied [25]. Although a caregiver version of the GSSS is
available, it was considered important to gather psycho-
metric data on the self-report version as a crucial first step
towards determining psychometric robustness of the instru-
ment. In the future, it will be possible to improve inter-rater
reliability. Additionally, the GSSS is a web-based instrument
created for a specific population. New validation and adapta-
tion procedures are needed to adapt the instrument for use in
new contexts and languages.

Conclusion

In conclusion, the GSSS enables brief assessment of the
severity of GS inneurotypical children and adolescents. Its
psychometric properties suggest that it is suitable for use
with children ranging between 13 and 16 years in Spain
using a web-based survey. The GSSS represents a poten-
tially hugely useful tool for medical professionals, diagnosis
of FGIDs and analysis of the gut-microbiota-brain axis. It
represents a new contribution to the evaluation of GS in
children and adolescents through self-report questionnaires.
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