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Abstract

Background/Objectives: Hepatic glycogen storage diseases (GSDs) are rare inherited
metabolic disorders requiring lifelong nutritional management and strict metabolic con-
trol, which may adversely affect the health-related quality of life (HRQoL). This study
aimed to evaluate the HRQoL in children with hepatic GSD using both child and parent
reports, compare findings with normative data, and explore associations with biochemical,
anthropometric, and nutritional management-related parameters. Methods: The study
included 23 children with hepatic GSD and their parents. HRQoL was assessed using the
Pediatric Quality of Life Inventory (PedsQL) Generic Core Scale. Child and parent reports
were compared with normative data for healthy and chronically ill children. Agreement
between child and parent reports was evaluated with intraclass correlation coefficients,
and exploratory associations between variables were assessed using partial Spearman
correlation analyses. Results: Total and most subscale PedsQL scores reported by both
children and parents were significantly lower than those of healthy peers and children
with chronic diseases (p < 0.05). Parents reported lower HRQoL scores than children,
particularly in psychosocial, social, and school functioning domains, with low to moderate
agreement between reports. Exploratory analyses suggested that body composition and
nutritional treatment burden indicators were correlated with selected HRQoL domains.
Conclusions: Children with hepatic GSD experience impaired HRQoL from both child and
parent perspectives. Integrating HRQoL assessment into routine clinical and nutritional
follow-up may help identify unmet psychosocial and dietary support needs and support
more individualized nutritional management in children with hepatic GSD.

Keywords: pediatric quality of life inventory; uncooked cornstarch; nutritional manage-
ment; body composition; parent-proxy report

1. Introduction

Glycogen storage diseases (GSDs) are rare inherited metabolic disorders caused by
defects in enzymes or regulatory proteins involved in glycogen metabolism [1]. GSDs
are mainly classified as hepatic or muscular forms, and hepatic types (0, I, I1I, VI, IX, and
Fanconi-Bickel syndrome) may present with hypoglycemia, hyperlipidemia, hyperlac-
tatemia, hyperuricemia, and elevated liver enzymes [1-3]. The management of hepatic
GSDs requires a multidisciplinary approach tailored to subtype-specific needs, aiming to

Nutrients 2026, 18, 2099

https://doi.org/10.3390/nu18132099


https://crossmark.crossref.org/dialog?doi=10.3390/nu18132099&domain=pdf&date_stamp=2026-06-27
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0001-8463-6660
https://orcid.org/0000-0002-0513-1750
https://orcid.org/0000-0002-9063-3893
https://orcid.org/0000-0002-8282-6468
https://doi.org/10.3390/nu18132099

Nutrients 2026, 18, 2099

2 of 14

control hypoglycemia, prevent long-term complications, and enhance health-related quality
of life (HRQoL) [3]. This includes uncooked cornstarch (UCCS) use and frequent feedings
to prevent hypoglycemia, pharmacological therapies for complication management, and
closely monitored follow-up [4,5]. Therefore, the management of these diseases can be
extremely challenging for patients and their families [6,7].

In pediatric populations, chronic diseases may restrict children’s participation in daily
life and social activities, potentially compromising their HRQoL [8-11]. This issue is also
increasingly recognized in hepatic GSD, for which a recent international priority-setting
partnership identified comprehensive investigation of HRQoL as a research priority [6,7,12,13].
However, published evidence on HRQoL in children with hepatic GSD remains very
limited, with only a few small-scale studies available to date [7,12]. A study involving
31 children and adolescents with GSD type I showed that the HRQoL of patients was
similar to that of children with chronic diseases, but significantly lower than that of their
healthy peers [7]. In another study carried out on 52 children with GSD, it was shown that
GSD patients scored significantly lower quality of life scores than their healthy peers [12].

Although self-report is considered the preferred approach for assessing HRQoL, fac-
tors such as age, developmental level, cognitive capacity, and language skills should be
considered in pediatric populations [14,15]. Therefore, understanding the level of agree-
ment between child self-reports and their parent-proxy reports is crucial for accurate
assessment [14]. Various studies on children with chronic diseases have shown that parents
generally perceive the impact of the disease as more severe than their children do and
evaluate HRQoL lower [16,17]. But the number of studies examining both children’s and
parents’ perspectives of HRQoL in children with GSD is quite limited [7].

Thus, the objectives of this study are (1) to evaluate the HRQoL of pediatric hepatic
GSD patients from the perspective of both children and parents and to compare these
with normative data from healthy children and children with other chronic diseases, (2) to
determine the consistency between child self-reports and parent-proxy reports, and (3) to
explore nutritional management-related indicators, body composition, and biochemical
variables associated with HRQoL in children with hepatic GSD.

2. Materials and Methods
2.1. Study Design and Participants

This cross-sectional study included 23 patients aged 3-18 years with confirmed hepatic
GSD types I, 111, 1V, VI, IX, or Fanconi-Bickel syndrome, who were followed at the Division
of Gastroenterology, Hepatology, and Nutrition, Hacettepe University Faculty of Medicine,
between May 2024 and November 2025.

2.2. Preliminary Questionnaire

A structured preliminary questionnaire was used to collect sociodemographic data,
including participants’ age and sex, maternal age and education level, primary caregiver,
and parental consanguinity. Nutritional management-related indicators, including daily
meal frequency, maximum fasting tolerance, hypoglycemia frequency, and UCCS use, were
assessed based on patient and/or caregiver self-report.

2.3. Biochemical Analysis

Fasting blood glucose, lactate, uric acid, liver transaminases [aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT)], and lipid profile data were obtained
from the hospital system based on morning fasting blood samples collected during routine
follow-up visits, considering individual fasting tolerance.
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2.4. Anthropometric Measurements

Height and weight were measured using a calibrated stadiometer and digital scale,
respectively, and BMI was calculated as weight divided by height squared (kg/m?). Age-
and sex-specific height and BMI z-scores were determined using WHO references [18]. The
body composition of 20 patients aged 5 and older (due to the device’s technical limitations)
was evaluated using the bioelectrical impedance method (TANITA MC-980MA-N plus,
Tanita Corporation, Tokyo, Japan) [19].

2.5. Assessment of Health-Related Quality of Life

To assess participants” HRQoL, the Pediatric Quality of Life Inventory (PedsQL)
4.0 Generic Core Scales, developed by Varni et al. [20], were used. The PedsQL in-
cludes age-specific forms; only a parent-proxy form is available for children aged
2—4 years, whereas both child self-report and parent-proxy forms are available for ages
5-18 years. The Turkish validity and reliability of the scale have been established for all age
groups [21-23]. Accordingly, only parent-proxy reports were obtained for children aged
2—4 years (n = 3), while both child self-reports and parent-proxy reports were obtained for
children aged 5-18 years (n = 20). All parent-proxy forms were completed by the children’s
mothers, who were their primary caregivers.

The scale is scored using a Likert-type assessment according to the PedsQL scoring
algorithm [24], with responses ranging from “never a problem” (0) to “always a problem”
(4), then reverse-scored and transformed to a 0-100 scale. The scale includes emotional,
social, school, and physical functioning domains. In the 2-4 year age group, school func-
tioning items were scored only for children attending nursery or preschool, resulting in
two missing parent-proxy values for this subscale. Psychosocial health is calculated from
the emotional, social, and school functioning domains, and the total score is calculated by
averaging all items. Higher scores indicate better HRQoL [24].

To provide a reference framework for interpreting HRQoL scores, child self-report
and parent-proxy PedsQL scores were compared with reference values previously reported
by Varni et al. [25], which were derived from healthy children and pediatric patients
with chronic diseases in the United States. This dataset was selected because it includes
both healthy and chronically ill pediatric populations across a comparable age range and
represents one of the most widely used references for interpreting PedsQL Generic Core
Scale scores [25]. Although the Turkish version of the PedsQL has been validated for
different age groups, comprehensive Turkish normative data covering all relevant age
groups and comparable clinical reference groups were not available. Therefore, these data
were used as a reference framework for contextualizing HRQoL scores, rather than as a
culturally matched control group [25].

2.6. Statistical Analysis

Participants” sociodemographic, anthropometric, and biochemical characteristics were
summarized using descriptive statistics. Normality was assessed visually using histograms
and Q-Q plots and analytically using the Shapiro-Wilk test. Given the limited sample size
and the non-normal distribution of most variables, non-parametric tests were used. Con-
tinuous variables are presented as mean =+ standard deviation (SD) for comparisons with
normative data and otherwise as median and interquartile range (IQR), while categorical
variables are presented as frequency and percentage. Given the limited number of patients
within individual GSD subtypes, primary analyses were conducted in the overall cohort,
and exploratory comparisons between patients with GSD type I and other hepatic GSD
subtypes are presented in Supplementary Table S1. All analyses were performed using IBM
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SPSS Statistics for Windows, Version 23.0 (IBM Corp., Armonk, NY, USA), and a two-tailed
p-value < 0.05 was considered statistically significant.

Internal consistency was assessed using Cronbach’s alpha coefficients, which were
>0.78 across all domains for both child and parent PedsQL forms. Total score Cronbach’s
alpha values were 0.80 for child self-reports and 0.83 for parent-proxy reports, supporting
the reliability of the PedsQL in both respondent groups [26]. PedsQL scores from child
self-reports and parent-proxy reports were compared with normative data [25]. Since raw
normative data were not available, one-sample ¢-tests were performed using the reported
mean, SD, and sample size, and 95% confidence intervals were calculated. Cohen’s d was
used to assess effect size, with values of 0.20-0.49, 0.50-0.79, and >0.80 interpreted as small,
medium, and large effects, respectively [27].

Differences between child self-report and parent-proxy PedsQL scores were assessed
using the Wilcoxon signed-rank test, and effect sizes were calculated using the rank
biserial correlation coefficient (r), interpreted as very small (<0.10), small (0.10-0.29),
medium (0.30-0.49), and large (>0.50) [28]. Additionally, agreement between child and
parent reports was evaluated using intraclass correlation coefficients (ICCs), classified as
poor (<0.40), moderate (0.41-0.60), substantial (0.61-0.80), and almost perfect (>0.81) [29].

Exploratory partial Spearman correlation analyses adjusted for age and sex were
performed to assess associations between PedsQL scores and anthropometric, biochemical,
and nutritional variables. Hypoglycemia frequency, categorized as none, rare (<1/month),
and frequent (>1/week), was also included in the correlation analyses. Correlations were
visualized as a heatmap.

3. Results

The general characteristics of the children and their mothers are presented in Table 1.
The median age of the children was 13.00 years, and 65.2% were male. Overall, 87.0%
were diagnosed with GSD type I, 111, or IX. Patients with GSD type IV, GSD type VI, and
Fanconi-Bickel syndrome represented single cases. Available subtype-level information
included type Ia (n = 3), type Ib (n = 2), type llla (n = 6), type Illb (n = 1), type IXa
(n=2), and type IXc (n = 1). Most patients used UCCS (n = 18, 78.3%), while five (21.7%) did
not; among non-users, three had GSD type IlII, one type IV, and one type IX. Under current
dietary management, 69.6% reported no hypoglycemia, whereas 21.7% experienced rare
episodes (<1/month) and 8.7% frequent episodes (>1/week). No severe hypoglycemic
episodes requiring hospital-based intervention were reported; reported episodes were mild
to moderate according to patient- and/or caregiver-reported information. The median age
of primary caregivers was 38.00 years, and 73.9% had at least a secondary school education.

Anthropometric, biochemical, and nutritional characteristics of the participants are
summarized in Table 2. The median height-for-age z-score was —1.52, indicating a tendency
toward short stature, while the median BMI-for-age z-score and body fat percentage were
0.27 and 26.2%, respectively. Biochemical parameters showed considerable interindividual
variability. To improve the clinical clarity of the findings, the number and percentage
of patients with values outside the reference range for each biochemical parameter are
also presented in Table 2. The most frequent elevated biochemical findings were ALT
(n =18, 78.3%), AST and lactate (n = 17, 73.9% each), triglycerides (n = 16, 69.6%), and
total cholesterol (1 = 13, 56.5%). The median daily meal frequency was 7, and self-reported
maximum fasting tolerance ranged from 4 to 10 h. Among UCCS users, the median
intake frequency was twice daily, with a median total intake of 48 g/day, corresponding to
2.09 g/kg body weight/day.
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Table 1. General characteristics of the sample (1 = 23).

n %
Patient’s characteristics
Age (years) (Median, IQR) 13.00 (8.00-16.00)
Gender
Male 15 65.2
Female 8 34.8
GSD Type
I 5 21.8
11 9 39.2
v 1 4.3
VI 1 4.3
X 6 26.1
Fanconi-Bickel syndrome 1 43
Use of uncooked cornstarch
Yes 18 78.3
No 5 21.7
Hypoglycemia frequency
None 16 69.6
Rare (<1/month) 5 21.7
Frequent (>1/week) 2 8.7
Parental consanguinity status
Yes 18 78.3
No 5 21.7
Mother’s characteristics
Age (years) (Median, IQR) 38.00 (32.00-43.00)
Education level
Primary school 6 26.1
Secondary school 9 39.1
High school and above 8 34.8

Table 2. Anthropometric, Biochemical, and Nutritional Characteristics of the Patients (n = 23).

Values Outside

Parameters Median IQR Re]fgelfeC:f:lI;(;ﬂge,
n (%) *
Height for age z-score —1.52 —2.14-—045 NA
BMI for age z-score 0.27 —0.31-1.99 NA
Body fat percentage (%) (1 = 20) 26.20 24.15-35.98 NA
Glucose (fasting) (mg/dL) 84.00 73.00-96.00 3 (13.00)
Lactate (mmol /L) 2.40 1.70-4.10 17 (73.90)
Uric acid (mg/dL) 4.90 3.90-6.40 5 (21.70)
AST (U/L) 75.00 33.00-219.00 17 (73.90)
ALT (U/L) 103.00 34.00-211.00 18 (78.30)
HDL-cholesterol (mg/dL) 40.00 30.00-51.00 10 (43.50)
LDL-cholesterol (mg/dL) 135.00 105.00-162.00 12 (52.20)
VLDL-cholesterol (mg/dL) 39.00 23.00-81.00 9 (39.10)
Triglyceride (mg/dL) 196.00 117.00-406.00 16 (69.60)
Total cholesterol (mg/dL) 194.00 158.00-248.00 13 (56.50)
Number of daily meals 7.00 6.00-9.00 NA
Maximum fasting tolerance (hours) 7.00 4.00-10.00 NA
Daily frequency of UCCS (n = 18) 2.00 1.75-4.25 NA
Daily UCCS amount (g) (n = 18) 48.00 31.50-148.00 NA
Daily UCCS amount (g/kg) (n = 18) 2.09 0.90-3.67 NA

BMI: Body mass index, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, HDL: High-density
lipoprotein, LDL: Low-density lipoprotein, NA: Not applicable, VLDL: Very low-density lipoprotein, UCCS:
Uncooked cornstarch. * For biochemical parameters, values outside the reference range were identified according
to the age- and sex-specific reference intervals provided by the clinical laboratory. Values below the reference
range were reported for glucose and HDL-cholesterol, whereas values above the reference range were reported
for all other biochemical parameters.

https://doi.org/10.3390/nu18132099


https://doi.org/10.3390/nu18132099

Nutrients 2026, 18, 2099

6 of 14

Table 3 presents the mean PedsQL scores for child self- and parent-proxy reports along
with comparisons to normative data from healthy and chronically ill children. Mean values
for the total score and most PedsQL subscales were significantly lower in children with GSD
than in both chronically ill and healthy peers (p < 0.05). However, no significant differences
were observed for the emotional and social functioning subscales in child self-reports
(p > 0.05).

Table 3. Comparison of PedsQL child self-report and parent-proxy report scores with normative data.

Study Sample Norm Data of Chronically Il Children ! Norm Data of Healthy Children 3
n M SD 95% CI n M SD p? d n M SD pt d
Child self-report
Total score 20 6245 1697  5450-7039 367  77.19 1553  <0.001 095 401  83.00 1479  <0.001 1.38
Physicalhealth ~ 20 5953 2004  50.16-6891 366  77.36 2036 <0.001 088 400 8441 1726 <0.001 143
ﬁgft}}‘fs"cml 20 64.00 18.08 55547246 367 7710 1584 0004 082 399 8238 1551 <0.001 118
fEmOt.iO“.al 20 6450 2114 54.60-7440 366 7640 21.48 0.021 055 400  80.86 19.64 0.003 0.83
unctioning
?"Cla? . 20 6775 2457 56257925 367  81.60 2024 0.021 068 399 8742 17.18 0.002 112
unctioning
?Cho‘.’l . 20 5975 1766 51.49-6801 362  73.43 1957  0.003 070 38  78.63 2053 <0.001 0.93
unctioning
Parent-proxy
report
Total score 23 5242 1535 45945938 662 7422 1840  <0.001 119 717 8761 1233 <0001 283
Physicalhealth 23 53.40 1698  47.13-6224 653 7328 2702 <0.001 074 717 8932 1635  <0.001 2.19
Ezzlct}}‘f’s"“al 23 5046 1535  44.16-59.00 661  74.80 1816 <0.001 135 717 8658 1279 <0001 281
EmOt.iO“.al 23 53.04 1490  4537-60.13 661 7305 2327  <0.001 087 718 8264 1754 <0.001 1.70
unctioning
?"Cla@ . 23 5391 2231 4270-6480 657 7977 2191  <0.001 118 716 9156 1420  <0.001 2.60
unctioning
fCh"‘.’l . 21 4873 1575  4076-55.74 601  71.08 2399 <0.001 094 611 8547 1761 <0.001 2.09
unctioning
! Norm data of chronically ill children [25], 2 Sample vs. norm data of chronically ill children (one-sample t-test),
3 Norm data of healthy children [25], # Sample vs. norm data of healthy children (one-sample t-test). PedsQL:
Pediatric Quality of Life Inventory, M: Mean, SD: Standard deviation, CI: Confidence interval, d: Cohen’s d.
Median and IQR values for child self-reported and parent-proxy PedsQL scores are
presented in Table 4. Parents reported significantly lower total, psychosocial health, social
functioning, and school functioning scores than children (p < 0.05), with medium-to-
large effect sizes, whereas physical health and emotional functioning scores did not differ
significantly (p > 0.05). ICC analyses indicated poor-to-moderate agreement between child
and parent-proxy reports of health-related quality of life (ICC = 0.023-0.451).
Table 4. The PedsQL scores of children and their parents.
Child Self-Report Parent-Proxy Report
PedsQL Scores - : p 1 r ICC
Median IOR Median IOR
Total score 63.04 48.10-77.72 51.09 42.39-63.89 0.025 0.47 0.339
Physical health 59.38 41.41-77.35 51.57 43.75-65.63 0.116 0.33 0.451
Psychosocial health 63.34 50.83-75.86 48.33 41.67-56.67 0.015 0.51 0.250
Emotional
.. 60.00 46.25-87.50 52.50 40.00-60.00 0.076 0.37 0.023
functioning
Social functioning 70.00 50.00-92.50 52.50 40.00-65.00 0.024 0.47 0.431
School functioning 60.00 46.25-75.00 47.50 42.50-56.67 0.025 0.49 0.269

I Wilcoxon signed-rank test. ICC: Intra-class correlations, IQR: Interquartile range, PedsQL: Pediatric Quality of
Life Inventory, r: Rank biserial correlation.

Exploratory correlation analyses between PedsQL scores and selected anthropometric,

biochemical, and nutritional parameters are presented in Figure 1. Body composition
and selected nutritional treatment burden indicators, including UCCS-related variables,
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were negatively correlated with some HRQoL domains (p < 0.05). A moderate negative
correlation was also observed between the frequency of hypoglycemia and the physical
health score, although this did not reach statistical significance (p = 0.053).

Total score Physical health score  Psychosccial health score
Height for age z-score - 0.236 0.272 0.054 l‘ 04
BMI for age z-score - -0.146 -0.002 -0.159

Body fat percentage (%) m -0.559* -0.284
Glucose (fasting) (mg/dL) - -0.386 -0.435 -0.268
-0.2

Lactate (mmol/L) - -0.308 _ -0.254 -0.224
Uric acid (mg/dL) - 0.017 | -0.253 0.126
asTOm L am2 -0.259
ALT (U/L) ] -0.158 =012 | —0.295 0.0
HDL-cholesterol (mg/dL) - 0.036 0.233 —0.008
LDL-cholesterol (mg/dL) - 0.086 0.132 0.035
VLDL-cholesterol (mg/dL) - -0.143 -0.036
Triglyceride (mg/dL) - -0.125 -0.012 K
Total cholesterol (mg/dL) - -0.023 0.101 -0.042
Number of daily meals 0.041

Maximum fasting tolerance (hours) - -0.063 0.251 -0.171
' ‘ -0.438 | -0.292

Hypoglycaemia frequency J‘{

Daily frequency of UCCS - -0.229 -0.579* -0.059

Daily UCCS amount (g) -0.638%* -0.541* -0.621*
Daily UCCS amount (g/kg body weight) -0.468 -0.547* -0.412

Figure 1. Exploratory correlations between children’s PedsQL scores and some parameters (Spearman

0.6

correlation coefficients: * p < 0.05, ** p < 0.001). The analysis was adjusted for age and gender (Exact
correlation coefficients, p-values, and sample sizes for each analysis are provided in Supplementary
Table 52). ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, BMI: Body mass index,
HDL: High-density lipoprotein, LDL: Low-density lipoprotein, PedsQL: Pediatric Quality of Life
Inventory, UCCS: Uncooked cornstarch, VLDL: Very low-density lipoprotein.

4. Discussion

Hepatic GSDs require lifelong dietary management to prevent hypoglycemia and
maintain metabolic stability, including frequent intake of slow-digesting carbohydrates such
as UCCS [4,5]. While clinical, biochemical, and anthropometric parameters are essential for
monitoring metabolic control, they do not fully capture the physical, emotional, and social
burden of the disease. Therefore, HRQoL assessment provides complementary information
beyond traditional clinical indicators and is particularly relevant in chronic rare diseases
such as hepatic GSD [30,31]. This study aimed to evaluate the HRQoL of children with
hepatic GSD from both children’s and parents’ perspectives, examine discrepancies between
reports, and explore associations between selected clinical and nutritional variables and
HRQoL. In the present study, children with hepatic GSD had significantly lower total
HRQoL score and nearly all subscale scores than both their healthy peers and children with
other chronic diseases, according to both self- and parent-proxy reports. These findings are
consistent with previous studies showing impaired HRQoL in children with GSD compared
with healthy controls [7,12]. In children with GSD, strict dietary requirements may interfere
with school meals, social participation, and daily activities, which may contribute to
difficulties in social and school functioning [7,32,33]. Additionally, frequent meals and
higher energy intake may be associated with increased body fat and perceived limitations
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in physical functioning, which may negatively affect perceptions of physical health [1,32].
The continuous need to adapt to disease-related restrictions may also contribute to social
isolation and emotional difficulties [32,33].

According to Sobhy et al. [12], children with GSD showed significantly lower qual-
ity of life scores than healthy controls in both mental and physical domains. Similarly,
Storch et al. [7] reported lower physical, psychosocial, and social functioning, and total
scores in children with GSD type I compared to healthy peers, with parents also report-
ing significantly lower scores [7]. In the study by Storch et al. [7], emotional and school
functioning scores were comparable to those of healthy children, which differs from our
findings. This difference could be partly related to the clinical heterogeneity of hepatic GSD,
as subtypes may share overlapping metabolic management concerns, particularly impaired
fasting tolerance and risk of hypoglycemia, while differing in organ involvement, long-term
complications, metabolic instability, dietary treatment burden, and their potential impact
on HRQoL [33-35]. Considering the available subtype-level information and the clinical
heterogeneity of the study population, the analyses were limited to exploratory compar-
isons rather than subtype-specific evaluations. Since GSD type I is generally characterized
by more pronounced fasting intolerance, higher hypoglycemia risk, and more intensive
dietary management, patients with type I were compared with those with other hepatic
GSD subtypes to provide a clinically relevant descriptive perspective (Supplementary Table
51). However, because the comparison group was heterogeneous and the sample size
was limited, these findings should be viewed as exploratory rather than subtype-specific.
Future multicenter studies with larger and more homogeneous subtype-specific samples
are warranted to clarify the relationship between disease severity, clinical course, and
HRQoL outcomes.

When PedsQL scores in the study sample were compared with reference data for
children with other chronic diseases, scores were significantly lower in children with GSD
in all domains except emotional and school functioning, according to both child self-reports
and parent-proxy reports. Although this was a contextual comparison based on external
reference data, this pattern may suggest that hepatic GSD is associated with HRQoL chal-
lenges that may extend beyond those observed in heterogeneous chronic disease groups.
This may partly reflect the combined burden of living with a rare disease and managing
an inherited metabolic disorder [36-38]. Low disease awareness, stigmatization, social
isolation, limited support networks, and restricted treatment options may affect HRQoL
in rare diseases, while lifelong dietary treatment, metabolic monitoring, risk of metabolic
decompensation, neurodevelopmental or functional complications, and family burden
may further contribute to HRQoL impairment [36-38]. Evidence from studies involv-
ing different inherited metabolic diseases, including phenylketonuria, organic acidemias,
lysosomal storage disorders, and heterogeneous pediatric inborn errors of metabolism
cohorts, is consistent with this perspective [10,39,40]. These studies have emphasized that
HRQoL may be influenced by dietary adherence, access to healthcare, financial difficulties,
developmental disabilities, caregiver burden, progressive multisystem involvement, and
disease-related functional limitations [10,39,40]. Although hepatic GSD differs clinically
from these disorders, the shared rarity-related and metabolic management burdens may
help explain why HRQoL challenges in hepatic GSD can be notable even when compared
with heterogeneous chronic disease groups. Therefore, evaluation of HRQoL in hepatic
GSD should extend beyond disease-specific metabolic outcomes and include broader psy-
chosocial, school-related, and family-centered aspects of disease burden. This supports
the value of comprehensive HRQoL assessment as part of routine care in pediatric hepatic
GSD [30].
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The patient’s self-report is considered the gold standard for measuring perceived
HRQoL [15,41]. However, in the pediatric population, parent-proxy reports are recog-
nized as providing valuable complementary information about patients” well-being [17,41].
Therefore, this study evaluated HRQoL from both perspectives. In the present study, par-
ents reported significantly lower scores than their children in the subscales of psychosocial
health, social functioning, and school functioning, and total scores. Similar to findings in
other chronic diseases, this may indicate that parents tend to perceive greater difficulties
than their children report [15,42]. Discrepancies between child and parent reports may
be related to parents’ limited awareness of their children’s daily social and school envi-
ronments, heightened concerns about disease management, and the psychosocial burden
associated with long-term caregiving [15-17,42,43]. Conversely, due to their developmental
characteristics, children may underestimate or normalize the challenges they experience,
or find it difficult to express their feelings [7,17]. Hence, evaluating HRQoL from both
self- and proxy-reports is essential to capture a more complete understanding of children’s
well-being [17,31].

Agreement analyses further supported the relevance of considering both perspectives,
as ICC analyses showed poor to moderate agreement between child and parent reports
in the present study [42,44]. Similar self-proxy discrepancies have also been reported in
other inherited metabolic diseases [40,45]. In a Turkish cohort of patients with organic
acidemias, Ersak et al. [45] reported differences between self- and proxy-reported outcomes,
supporting the relevance of evaluating both perspectives in metabolic genetic disorders.
More recently, Konomura et al. [40] assessed pediatric patients with various inborn errors
of metabolism using self- and proxy-reported HRQoL measures together with a caregiver
burden instrument and reported poor self-proxy agreement, as well as an association
between lower proxy-reported HRQoL and higher caregiver burden. Taken together, these
studies suggest that parent-proxy reports may reflect not only the child’s health status and
daily functioning, but also parental well-being, caregiving burden, and emotional responses
to long-term disease management [40,45]. In the present study, the lower parent-proxy
scores may therefore partly reflect caregiver-related concerns surrounding the management
of hepatic GSD. However, because parental HRQoL and caregiver burden were not formally
assessed, this explanation could not be directly examined. Future studies incorporating
child self-reports, parent-proxy reports, and validated measures of caregiver burden and
parental HRQoL would further strengthen the dual-perspective framework and provide
a more comprehensive understanding of HRQoL and family-centered support needs in
pediatric hepatic GSD [42,43].

To better understand whether selected clinical and nutritional characteristics were
related to HRQoL, exploratory correlation analyses were performed. Considering the
small and heterogeneous study population, these analyses should be viewed as hypothesis-
generating rather than confirmatory. In these analyses, selected nutritional management-
related variables, including UCCS-related variables, were correlated with lower scores in
some HRQoL domains. However, UCCS requirements are closely linked to disease subtype,
metabolic control needs, and overall treatment burden; therefore, these associations should
not be interpreted as a direct effect of UCCS intake on HRQoL [1,2]. Rather, they may
reflect the broader burden of managing hepatic GSD in daily life, including the need for
frequent carbohydrate intake and structured dietary routines [7,46]. In patients who re-
quire frequent UCCS administration or overnight nutritional support to maintain metabolic
stability, night-time feeding or nocturnal cornstarch administration may further contribute
to treatment burden and poorer HRQoL through sleep disruption in both children and care-
givers, particularly in younger children who generally have lower fasting tolerance, may
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require more frequent feeding, and are more dependent on caregiver-assisted overnight
management [47,48].

In the present study, body fat percentage was negatively correlated with physical
health scores, which may point to a possible relationship between body composition and
perceived physical functioning; however, these findings should be considered with caution,
given the exploratory nature of the analyses. A moderate negative association was also ob-
served between hypoglycemia frequency and physical health scores, but this did not reach
statistical significance. No severe hypoglycemic episodes requiring hospital-based interven-
tion were reported, and the reported episodes were mild to moderate according to patient-
and/or caregiver-reported information. However, because hypoglycemia frequency and
severity were based on patient- and/or caregiver-reported information rather than contin-
uous glucose monitoring (CGM) or standardized severity grading, recall bias cannot be
excluded, and asymptomatic or nocturnal episodes may have been underestimated. This
may partly explain the lack of a statistically significant association between reported hypo-
glycemia frequency and HRQoL scores. Previous studies have shown that CGM may detect
asymptomatic and nocturnal hypoglycemia and provide useful parameters for assessing
glucose management in hepatic GSD [49,50]. Therefore, future studies should incorporate
CGM as a methodological approach to objectively assess hypoglycemia burden, nocturnal
hypoglycemia, glycemic variability, and CGM-derived indicators such as the depth and
duration of hypoglycemic episodes in relation to HRQoL [50]. Moreover, no significant
associations were found between biochemical parameters and HRQoL, although these
findings should also be interpreted cautiously. In this context, individualized nutritional
management that considers metabolic stability, body composition, hypoglycemia, and
treatment burden may be relevant when evaluating both clinical status and HRQoL [32,33].
Assessing HRQoL as part of routine clinical and nutritional follow-up may help capture
not only clinical status but also the physical, psychosocial, and family-centered challenges
faced by children with hepatic GSD. In routine follow-up, brief HRQoL screening may help
identify children and families who require additional psychosocial support, school-related
counseling, or individualized dietary guidance.

The current study has several limitations. First, HRQoL data were obtained from
a relatively small number of patients across a wide age range who were followed at a
single center, which limited the ability to comprehensively examine demographic and
disease-related factors. The clinical diversity and uneven distribution of hepatic GSD
subtypes also limited robust subtype-specific analyses and may have contributed to resid-
ual confounding related to disease severity. Although exploratory comparisons between
patients with GSD type I and other subtypes were performed, no statistically significant
differences were observed, and these findings should be interpreted in light of the limited
statistical power and the heterogeneity of the comparison group (Supplementary Table
51). Accordingly, subtype-specific interpretations should be made with caution. Similarly,
exploratory correlations should not be interpreted as evidence of causal relationships or
subtype-specific effects. Another limitation is that HRQoL scores were compared with
reference values derived from healthy children and pediatric patients with chronic dis-
eases in the United States rather than a culturally matched Turkish reference population.
Although the Turkish version of the PedsQL has been validated, comprehensive Turkish
normative data covering all relevant age groups and comparable clinical reference groups
were not available. Because HRQoL perceptions and parent—child reporting patterns may
be influenced by cultural, social, and healthcare system-related factors, these comparisons
should be approached with caution and used as a descriptive reference rather than as direct
population-level comparisons. Nevertheless, these reference data provided a standardized
basis for placing the findings within the broader PedsQL literature. Furthermore, several
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variables, including hypoglycemia frequency and severity, were based on patient- and/or
caregiver-reported information, which may introduce subjective and recall bias. Future
studies incorporating multiple informants, objective assessment methods such as CGM,
and larger multicenter subtype-specific samples may provide a more comprehensive evalu-
ation of HRQoL in this population. Despite these limitations, the present study provides
clinically relevant preliminary evidence on child- and parent-reported HRQoL in a rare
and understudied pediatric hepatic GSD population. By integrating validated HRQoL
measures with clinical, biochemical, anthropometric, and nutritional data, the study offers
a broader perspective on disease burden beyond metabolic control alone.

5. Conclusions

In the present study, lower HRQoL scores were observed in children with hepatic
GSD from both child and parent perspectives, supporting the value of considering child-
and parent-reported outcomes alongside routine clinical, biochemical, anthropometric, and
nutritional monitoring. Exploratory findings indicated that nutritional management-related
variables and body composition may be associated with some HRQoL domains; however,
these associations should be interpreted cautiously and should not be considered causal.
Given the rarity of hepatic GSD and the limited HRQoL data available in this population,
the present study provides clinically relevant preliminary evidence on the child- and
parent-reported burden of the disease. Integrating brief HRQoL assessment into routine
clinical and nutritional follow-up may help identify unmet psychosocial, school-related,
and dietary support needs and inform individualized, family-centered care in pediatric
hepatic GSD. Larger multicenter studies with more homogeneous subtype-specific samples,
culturally comparable reference or control groups, and objective glycemic assessment are
needed to better clarify factors associated with HRQoL in this population.
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correlations between children’s PedsQL scores and some parameters.
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The following abbreviations are used in this manuscript:

ALT Alanine aminotransferase

AST Aspartate aminotransferase
BMI Body mass index

CI Confidence interval

CGM Continuous glucose monitoring
D Cohen’s d

GSD Glycogen storage disease

HDL High-density lipoprotein
HRQoL  Health-related quality of life

ICC Intraclass correlation coefficient
IOR Interquartile range

LDL Low-density lipoprotein

M Mean

PedsQL  Pediatric Quality of Life Inventory
r Rank biserial correlation coefficient
SD Standard deviation

UCCS Uncooked cornstarch
VLDL Very low-density lipoprotein
WHO World Health Organization
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