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Abstract

Purpose: Individuals with urea cycle disorders (UCDs) may develop recurrent
hyperammonemia, episodic encephalopathy, and neurological sequelae which can impact Health-
related Quality of Life (HRQoL). To date, there have been no systematic studies of HRQoL in
people with UCDs.

Methods: We reviewed HRQoL and clinical data for 190 children and 203 adults enrolled

in a multicenter UCD natural history study. Physical and psychosocial HRQoL in people with
UCDs were compared to HRQoL in healthy people and people with phenylketonuria (PKU)

and diabetes mellitus. We assessed relationships between HRQoL, UCD diagnosis, and disease
severity. Finally, we calculated sample sizes required to detect changes in these HRQoL measures.
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Results: Individuals with UCDs demonstrated worse physical and psychosocial HRQoL than
their healthy peers and peers with PKU and diabetes. In children, HRQoL scores did not differ

by diagnosis or severity. In adults, individuals with decreased severity had worse psychosocial
HRQoL. Finally, we show that a large number of individuals would be required in clinical trials to
detect differences in HRQoL in UCDs.

Conclusion: Individuals with UCDs have worse HRQoL compared to healthy individuals and
those with PKU and diabetes. Future work should focus on the impact of liver transplantation and
other clinical variables on HRQoL in UCDs.

INTRODUCTION

Urea cycle disorders (UCDs) are a group of inborn errors of metabolism (IEM) that have an
estimated birth incidence of 1 in 35,000 in the United States.! These disorders result from
pathogenic variants in genes encoding one of six enzymes (i.e., N-acetylglutamate synthase
[NAGS], carbamoyl phosphate synthetase 1 [CPS1], ornithine transcarbamylase [OTC],
argininosuccinate synthetase 1 [ASS1], argininosuccinate lyase [ASL], arginase 1 [ARG1])
or two transporters (i.e., citrin or aspartate/glutamate carrier [CIT] and mitochondrial
ornithine transporter 1 [ORNT1]) that are required for synthesis of urea.2 All UCDs are
transmitted in autosomal recessive manner with the exception being OTC deficiency, the
most common UCD, which is transmitted as an X-linked disorder. Disorders caused by

the deficiency of urea cycle enzymes, i.e., NAGSD, CPS1D, OTCD, ASS1D, ASLD,

and hyperornithinemia-hyperammonemia-homocitrullinuria (HHH) syndrome caused by
deficiency of ORNTYL, are characterized by recurrent episodes of hyperammonemia

that can cause significant neurological damage. The frequency and severity of the
hyperammonemic episodes vary depending on the site of the block in ureagenesis and the
degree of residual function of affected proteins.2 In addition to hyperammonemia-induced
neurocognitive deficits, people with UCDs can also present with involvement of other organ
systems. For example, individuals with OTCD may present with acute liver failure; and
individuals with ASLD can present with chronic liver disease, cognitive impairment, and
hypertension even in the absence of hyperammonemia.3~ Individuals with ARG1 deficiency
(ARG1D) typically present with neurological sequelae including progressive spasticity and
movement disorders, though episodic hyperammonemia has been reported in a subset of
individuals with this disorder.® Citrin deficiency (CTLNZ2) is associated with a range of
phenotypes including neonatal cholestasis, faltering growth, dyslipidemia, and episodic
hyperammonemia with neuropsychiatric symptoms.®10 The manifestations and sequelae

of UCDs can confer significant morbidity to affected individuals and their families. Many
individuals with UCDs develop intellectual and developmental disabilities (IDD). While
the prevalence and degree of IDD vary depending on the type of UCD, disease severity,

and access to care, a recent systematic review found that in some subtypes, IDD has been
reported in up to two-thirds of affected individuals.12 In children, IDD, physical limitations,
and behavioral abnormalities can affect learning and social functioning. In adolescents and
adults, IDD and other chronic complications of UCDs can negatively impact the transition
to independent living and integration into society. Furthermore, the mainstays of therapy for
most UCDs, including protein-restricted diet, medical formula, amino acid supplementation,
and nitrogen-scavenging medications, while effective in decreasing the frequency and

Mol Genet Metab. Author manuscript; available in PMC 2024 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Murali et al.

Page 3

severity of hyperammonemic episodes, can be burdensome and have a negative effect on
the psychological health of parents of children with UCDs.13

Despite the recognition of the burden of UCDs, to date, only a few studies have
systematically investigated the impact of UCDs on health-related quality of life (HRQoL).
A study of 21 children with IEM in France that included 6 children with UCDs found

that all participants reported lower general well-being than children with leukemia. In this
sample, clinical factors that impacted HRQoL included presence of neurological disorders
and types of feeding modalities.1* A study conducted in Japan found greater fatigue and
worse scores on other aspects of HRQoL in 55 children and young adults with CTLN2 than
healthy controls.1> European children with organic acidemias (n=100) and UCDs (n=52)
were shown to experience higher rates of behavioral and emotional problems and worse
physical HRQoL compared to controls. However, in this study, scores in children with
UCDs were within 0.5 SD of the population norm.16 HRQoL in adults with UCDs has not
yet been systematically analyzed.

This study reports HRQoL in a large cohort of children and adults with UCDs who

were enrolled in an observational, longitudinal study conducted by the National Institutes
of Health’s Rare Diseases Clinical Research Network’s (RDCRN) Urea Cycle Disorders
Consortium (UCDC).1” HRQoL was assessed using two patient-reported outcome measures
(PROMSs): the Pediatric Quality of Life Inventory Generic Core Scales (PedsQL) for
children, and the 36-item Short Form Survey version 2 (SF-36v2) for adults. This study
represents the largest systematic investigation of HRQoL in children and adults with UCDs
to date.

MATERIALS AND METHODS
Study Details

Data were collected from participants enrolled in the Longitudinal Study of Urea Cycle
Disorders (NCT00237315) conducted by the UCDC.1” The UCDC consists of 13 clinical
sites in the United States and three international clinical sites (one in Canada and two in
Europe). Data were collected across all sites in accordance with a manual of operations
and stored using online case report forms. Data management was performed by the Data
Management and Coordinating Center of the RDCRN.

Individuals with diagnoses of NAGSD, CPS1D, ASS1D, ASLD, ARG1D, HHH syndrome,
and CTLN2 based on previously published specific diagnostic criteria were enrolled in the
study.!® Individuals with a diagnosis of an organic acidemia, lysinuric protein intolerance,
mitochondrial disorder, congenital lactic acidemia, fatty acid oxidation defect, primary or
secondary liver disease, those with rare and unrelated serious comorbidities (e.g., Down
syndrome or a severe intraventricular hemorrhage in the newborn period), and those with
extremely low birth weight (<1500g) were excluded from enrollment. Between 2006 and
2015, the study procedures were approved by the respective Institutional Review Boards
(IRB) for each participating clinical site. From 2015 onward, the IRB at Children’s National
Medical Center served as the IRB of record for all sites within the United States (US) with
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all participating US sites being under a reliance agreement with this central IRB. Informed
consent was obtained from all participants or their parents or legal guardians.

From the central database hosting all UCDC data, the following data were collected: age in
years at enrollment, sex assigned at birth (male/female), UCD diagnosis (NAGSD, CPS1D,
OTCD, ASS1D, ASLD, ARG1D, HHH, or CTLNZ2), PedsQL 4.0 generic core scale scores
(both child-report and parent-report) for children 2-18 years, and SF-36v2 scale scores for
adults. For this analysis, only data points that were collected from the baseline study visit,
within one year of the enrollment visit, were extracted. As the disease course, treatment, and
treatment-related burden are different for individuals who have undergone orthotopic liver
transplantation (OLT) compared to those who have not, only responses to the PedsQL 4.0
and SF-36v2 from participants who had not undergone OLT prior to baseline enrollment
visit were analyzed. Supplemental Figure 1 shows the inclusion and exclusion process.

The PedsQL 4.0 generic core scales (hereafter referred to as PedsQL) assess patient- or
parent-reported HRQoL in the physical, emotional, social, and school domains.2® It is
available for child-report in ages 5 -17 years, and for parent-report on behalf of the child
ages =2 years. Scores range from 0-100 for each scale, with higher scores representing
better HRQoL. The Physical Functioning scale is also used as the Physical Health Summary
Score. Emotional, Social, and School Functioning scale scores are averaged to yield the
Psychosocial Health Summary Score. The Total Scale Score results from averaging the
responses across all answered items.

The SF-36v2 is a HRQoL measure designed for administration to adults. It consists of

36 items assessing eight health concepts, or scales, including 1) Limitations in physical
activities due to health status; 2) Limitations in social activities due to physical or emotional
problems; 3) Limitations in usual role activities due to physical health; 4) Bodily pain; 5)
Mental health; 6) Limitations in usual role activities due to emotional problems; 7) Energy
and fatigue; and 8) General health perceptions.20 Item responses are recoded linearly to
0-100 and z-scores for each scale are multiplied by factor scoring coefficients to yield the
Physical Component Summary (PCS), which is an overall measure of physical HRQoL, and
the Mental Component Summary (MCS), which is an overall measure of mental HRQoL.
The PCS and MCS are represented as norm-based scores with a mean of 50 and standard
deviation of 10 in the general US population.20.21

SF-36v2 and the PedsQL scores from individuals with UCD in our cohort were compared
to scores from the literature in healthy children,19 general population adults,2! adults and
children with phenylketonuria (PKU),22 children with type 1 and type 2 diabetes mellitus
(T1 and 2 DM),23 and adults with type 1 diabetes (T1 DM).24 PKU and diabetes mellitus
were chosen as comparison groups as these disorders also require a lifetime of dietary
therapy and treatment. For healthy children, data from a 2001 study were used.1® For PKU,
data from a 2015 study were used.?2 For diabetes mellitus, data from two studies, conducted
in 2003 and 2019, were used.23:24
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Statistical Analyses

RESULTS

Comparisons between mean scores from PedsQL and SF-36v2 in individuals with UCDs,
and published data from healthy individuals and individuals with PKU, type 1 diabetes
mellitus (DM), and type 2 DM were performed using pairwise t-tests with a Bonferroni
correction for the number of comparisons made. Comparisons among the various subtypes
of UCDs were performed using an ANOVA with pairwise Bonferroni corrections; for this
analysis, all subtypes of UCDs other than OTCD, ASS1D, and ASLD were grouped into
one category, i.e., rare UCDs, as the numbers with individual subtypes were low. To evaluate
the effect of clinical severity on HRQoL, we compared symptomatic vs asymptomatic
individuals. Symptomatic was defined in the manual of operations as having: 1) at least one
episode of hyperammonemia (NH3 =100 umol/liter) associated with clinical symptoms; or
2) two of the following eight criteria: a) vomiting = once monthly, b) protein intolerance,

c) episodic lethargy, d) developmental or intellectual disability requiring special education
or care, e) abnormal neurological examination (hypotonia, spasticity, hyperreflexia, or
clonus), ) brain edema, g) =1 migraine headache per month, or h) episodic psychosis.18
Parent-report and child-report PedsQL Physical and Psychosocial Health Summary scores
were compared using Pearson product-moment correlation and paired t-test. Comparisons
of HRQoL in different child age groups was performed using a linear regression. From

a clinical trial readiness standpoint, using the means and standard deviations from the
Summary Scores, we estimated the sample sizes that would be required in a parallel group
design to detect a mean difference of 5 and 10 in the PedsQL and SF-36v2 Summary scores.
For this analysis, a two-sided, two-sample, equal-variance t-test was used to achieve a power
of 0.8 to reject the null hypothesis of equal means with significance level (alpha) of 0.05.
The sample size estimations were performed using PASS.2°

HRQoL in UCDs

Table 1 provides the numbers and ages of participants on whom PedsQL responses were
available in the UCDC. A total of 190 responses on PedsQL were from parents of children
with UCDs aged 2 years and older, with a median age of 6 years. A total of 79 responses
on PedsQL were from children with UCDs aged 5 years and older, with a median age of

9 years. Among parents and children, the majority of responses were from individuals with
OTCD (Table 1). A total of 203 responses on SF-36v2 were from adults with UCDs; the
median age of this subset was 33 years (range: 25-42 years). The majority of responses
(n=166, 81%) were from individuals with OTCD (Table 1).

To assess HRQoL in children with UCDs, we analyzed child-report and parent-report
PedsQL Physical and Psychosocial Health Summary Scores and compared the scores with
healthy children, children with PKU, and children with T1 and 2 DM. By child-report, the
mean scores of children with UCDs were lower (worse) for physical health (79.8) compared
to children with PKU (88.9) and T1 and 2 DM (86), and the psychosocial health scores

in UCDs (72.7) were also lower (worse) than that of healthy children (82.4) and children
with PKU (83.4) (Figure 1A). By parent report, the mean scores of children with UCDs
were lower for physical health (76.4) compared to healthy children (89.3) and children
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with T1 and 2 DM (82) (Figure 1B). Regarding psychosocial health, the mean scores from
child report were lower in children with UCDs in emotional functioning (74.1) compared
to healthy children (80.7). Furthermore, the scores in children with UCDs in social and
school functioning (76.4 and 67.8, respectively) were lower than scores in healthy children
(87.4 and 78.6, respectively), and children with PKU (91.4 and 78.7, respectively) and
T1and 2 DM (85.8 and 74.2, respectively) (Figure 1C). Similarly, on parent report, the
mean scores of children with UCDs were lower in emotional and social functioning (74.3
and 74.6, respectively) compared to healthy children (82.6 and 91.6, respectively), lower

in social functioning children with T1 and 2 DM (81), and lower (67.8) than healthy
children (85.4) in the school functioning domain (Figure 1D). To assess whether HRQoL
differed by the type of UCD, we analyzed child-report and parent-report scores by UCD
type. The mean composite scores of the Physical and Psychosocial Health Summary Scores
did not differ among the UCD subtypes (p>0.0025, Bonferroni corrected p; Figures 1E

and F; Supplemental table 1). Finally, to assess whether child and parental assessment of
HRQoL were similar, we compared Physical and Psychosocial Health Summary scores

for parent-report and child-report. This analysis showed that mean reported physical and
psychosocial HRQoL did not differ between children with UCDs and their parents. Physical
(r=0.51, p<0.0001) and Psychosocial (r=0.56, p<0.0001) Health Summary Scores between
child-report and parent-report were significantly correlated.

In adults, the mean SF-36v2 PCS score in individuals with UCDs (48.6) was lower (worse)
than in adults with PKU (55.9) but not different from healthy individuals (49.2) and those
with T1 DM (50.2) (Figure 2A). The MCS mean norm-based score in adults with UCDs
(46.3) was lower compared to healthy adults (53.77) and individuals with T1 DM (48.8)
(Figure 2A). Adults with rare UCDs reported lower PCS (39.9) compared to those with
ASS1D (55.4) and ASLD (53.6) (Figure 2B, Bonferroni corrected p<0.005). However, no
statistically significant differences were found in the MCS based on UCD subtype.

Effect of age and UCD severity on HRQoL

As the natural history of UCDs varies as children age, we sought to determine whether

age impacted HRQoL scores in children. On univariate linear regression, there was no
statistically significant association between PedsQL physical HRQoL and age. However,
Psychosocial Health Summary Score was negatively associated with age: every one-year
increase in age was associated with —2.04 in score (p<0.001). A similar negative association
was observed across all the domains within Psychosocial Health, including Emotional (Beta
-1.098, p<0.01), Social (Beta —2.443, p<0.001), and School Functioning (Beta —2.529,
p<0.001).

To assess whether individuals with more severe forms of UCDs had worse HRQoL, we
categorized participants into symptomatic vs asymptomatic based on predefined criteria
outlined in the manual of operations (see Materials and Methods for criteria). In children, by
both child-report and parent-report, the mean summary scores for physical and psychosocial
heath did not differ significantly between the symptomatic vs asymptomatic groups (Figure
3, Supplemental Table 2). Interestingly, adults with UCDs in the asymptomatic category
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reported lower (worse) mental HRQoL (45.7) than symptomatic adults (50.2; p<0.05)
(Figure 3, Supplemental Table 3).

Another well-established marker of disease severity among UCDs is hyperammonemia.

In children, while presence of hyperammonemia did not have an association with any
HRQoL measures, the number of hyperammonemic events was significantly associated with
parent-reported physical (p=0.008) and social HRQoL (p=0.048) on PedsQL. In adults, we
found no significant association between HRQoL scores and presence of or number of
hyperammonemic events.

Clinical Trial Readiness

To determine the applicability of these HRQoL measures in clinical trials, we determined
the sample sizes that would be required to detect mean differences of 5 and 10 points

on PedsQL and SF-36v2 composite scores (Table 2). These analyses show that only if
interventions were to have a moderate effect size on these HRQoL measures, they could be
used as endpoints in clinical trials with sample sizes that are feasible for enrollment.

DISCUSSION

A few previous studies have measured HRQoL in children with various IEM, including
UCDs, using the PedsQL. However, most of these studies have been limited by small sample
sizes and limited distributions of ages and UCD subtypes; in fact, the largest study of
HRQoL in children with UCDs was limited to one diagnosis, CTLN2, with 55 individuals
aged 1-22 years.15:16.26 |n contrast, our study represents data from a large group of children
with UCDs who were enrolled at 16 sites in the U.S., Canada, and Europe and to date is

the largest study to systematically assess HRQoL in this population. Furthermore, our study
represents the first systematic study of HRQoL in adults with UCDs.

We found that average physical and psychosocial HRQoL in children with UCDs were
worse than in healthy children. Psychosocial health was relatively worse than physical
health. The differences in mean Physical Health and Psychosocial Health Summary Scores
by parent report between children with UCDs and healthy children would translate

into medium to large effect sizes, respectively (Cohen’s @, 0.625 and 0.85). We also

found a negative association between age and parent reported psychosocial HRQoL. We
hypothesized that this may be related to challenges with school, and thus we explored

the effect of age on all three domains within psychosocial health, and found that in fact,
increasing age was associated with worse social, emotional, and school functioning scores.
On domains of psychosocial functioning, children with UCDs reported worse emotional,
social, and school function than healthy children. However, when compared to children

with PKU and T1 and 2 DM, children with UCDs reported worse scores on social and
school functioning but not emaotional functioning. This discrepancy may reflect the effect
that a block in ureagenesis can have on neurocognitive functioning. The decompensations
associated with hyperammonemia can cause long-term neurocognitive deficiencies that can
affect social interaction and academic abilities. Yet, the similar emotional functioning scores
may demonstrate that living with a chronic metabolic illness may have similar psychological
effects in children independent of cognitive functioning. Previous studies have shown that
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dietary regimens predict lower HRQoL among children with IEM, 26 suggesting that dietary
restrictions may be one common contributing factor for decreased emational functioning in
children with UCDs, PKU, and DM. Future qualitative work investigating the impact of diet,
medications, and other treatments upon HRQoL in children with UCDs could enrich our
understanding of this phenomenon.

Interestingly, while adults with UCDs reported worse mental HRQoL compared to the
general population, their physical HRQoL was not different. This result may reflect the
preponderance of females with OTCD in our adult population, a group that, while at

risk for hyperammonemia, can be asymptomatic or mildly symptomatic from a physical
perspective.2’ On the other hand, the worse mental HRQoL among adults with UCDs
may reflect the known neuropsychiatric phenotypes which can be observed even in mildly
symptomatic females with OTCD.28-31

No previous studies have compared HRQoL among individuals with different UCD
diagnoses. In our study, we did not find any differences between the UCD subtypes among
children. This could represent a limitation of the analyses with smaller sample sizes within
each UCD category. However, the mean scores within each individual UCD type were
worse than in healthy children alluding to the fact that UCDs may affect HRQoL, especially
psychosocial health, irrespective of the subtype. In adults, we found statistically significantly
worse SF-36v2 PCS in individuals with rare UCDs compared to ASS1D and ASLD. These
results must be interpreted with caution as the numbers of individuals within each of

these categories was less than 15. However, this may reflect the fact that individuals with
argininemia, who experience spasticity and significant mobility challenges, were included in
the rare UCDs group.

A single-center longitudinal study has demonstrated that children with more severe IEM as
rated by clinicians had worse HRQoL than those with milder IEM.32 Notably, at one-year
follow-up after care in a multidisciplinary center, the HRQoL of children with severe

IEM had improved significantly, whereas there was no change in HRQoL of children with
milder IEM, implying that those with more severe disease may stand to benefit more from
comprehensive care. In our sample, we compared HRQoL scores based on severity of

UCD. It can be argued that there are many ways to categorize the severity of UCDs: by
number of hyperammonemic episodes, the severity of intellectual disability, neurocognitive
and neurological abnormalities, degree of behavioral abnormalities, the presence or absence
of seizures, and severity of liver disease, among others. However, no such definition is
bound to be all-encompassing. Within the UCDC, a predefined set of criteria are used

to categorize severity of UCDs into symptomatic vs asymptomatic. This classification not
only uses hyperammonemia as a feature of severity but also accounts for the consequences
of such decompensation. Furthermore, individuals who have neuropsychological deficits
and symptoms even in the absence of hyperammonemia are also classified as being
symptomatic. In children, counterintuitive to expectation, the HRQoL measures assessed did
not differ between symptomatic and asymptomatic individuals. However, this categorization
did not consider the number and frequency of hyperammonemic episodes. Future research
focused on HRQoL after hyperammonemic episodes and the trajectory of HRQoL after such
episodes will be important for the field. Intriguingly, asymptomatic adults reported worse
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mental HRQoL than their symptomatic peers. This may indicate that increased disease
burden and severity may not negatively impact HRQoL in individuals with UCD, or it
may indicate that the clinical variables we used to stratify disease severity are incomplete.
Future work should examine the impact of other factors that may reflect disease severity,
such as age of symptom onset, use of nitrogen-scavenging medications, frequency of
hyperammonemic episodes, and need for OLT.

OLT has become an accepted standard treatment option for patients with certain IEM

with severe disease burden. Data on the impact of OLT on HRQoL in individuals with

IEM are unclear. While several case reports and case series document improved clinical
status and suggest that liberalized dietary restrictions and decreased need for metabolic
medications after OLT improve HRQoL,33-36 these findings have not always been quantified
in a systematic manner. A study comparing PedsQL scores in children with methylmalonic
acidemia who had and had not undergone OLT demonstrated no significant differences
between the two groups.3” In our study, we excluded participants who had undergone OLT
due to the potential for sampling bias with regards to differences in disease severity and
comorbidities of OLT. Future studies should investigate the effects of OLT on HRQoL in
patients with UCDs. Longitudinal, paired comparisons of HRQoL before and after OLT
would reduce possible confounding by individual patients’ clinical variability.

Especially when studying children living with diseases that may cause IDD, questions may
arise regarding the validity of self-reported responses.38 Therefore, researchers may prefer to
rely on proxy reports when utilizing PROMs in these populations. However, prior research
has shown that parents of children with genetic diseases tend to rate their children’s HRQoL
lower than the affected children rate their own HRQoL .32 Our work found that parents

and children do not differ significantly in their perception of the physical and psychosocial
HRQoL in children with UCDs. We further demonstrated that parent-report and child-report
HRQoL were correlated, which indicates that it might be reasonable to rely on only parent-
report on children’s HRQoL, when such responses cannot be collected from children.

Finally, we show that with the variance seen in PedsQL and SF-36v2 scores in individuals
with UCDs, only effect sizes that are moderate (Cohen’s d 0.5 - 0.8) can be detected using
sample sizes that would be feasible for enrollment. Whereas these HRQoL measures are not
likely to be primary outcome measures in pivotal interventional trials, they can be used as
secondary measures that can provide a patient experience outcome to support a more robust
clinical event or biomarker-driven primary endpoint.

The strengths of our study are the following: 1) This represents the largest cohort of
children and adults with UCDs; 2) The HRQoL and clinical data were collected in a
systematic manner across the sites; 3) Data management was conducted by the NIH
RDCRN’s Data Management Coordinating Center that has policies for data queries and
quality check; 4) Data were collected in geographically diverse regions and thus may
likely represent the UCD population at large; 5) The large sample size allowed for robust
analyses. The limitations of the study are the following: 1) We only analyzed the data from
the enrollment visit and thus we cannot comment on the trajectory of HRQoL measures

in each individual over time; 2) The categorization into symptomatic and asymptomatic
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groups does not take into account, the number of hyperammonemic episodes (or annualized
number of episodes). Thus, this analysis cannot discern the effect of hyperammonemia,
especially recurrent hyperammonemia, on HRQoL; 3) Participants reported their generic
HRQoL. While PedsQL has been widely used in the IEM population, and SF-36v2 has been
widely used in many populations (though less so in intoxication-type IEM), these generic
measures do not include items inquiring about the impact of dietary restrictions, enteral
feeding, symptoms specific to IEM, and burden of disease management (e.g., blood draws,
medications, follow-up visits). Future work would benefit from use of a QoL measure that is
more specific to IEM, such as the recently developed MetabQolL .40

Despite these limitations, this work adds valuable information to the literature regarding
HRQoL in children and adults with UCDs. Our findings provide objective support to what
has long been appreciated by clinicians that individuals (and families) with UCDs require
comprehensive mental healthcare and psychological support in addition to careful metabolic
management.

In summary, our study illustrates the importance of natural history studies in uncovering the
opportunities and limitations with the use of generic HRQoL measures in clinical trials in
UCDs. We believe that the insights from this study will be important for the development
and evaluation of UCD-specific HRQoL measures.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Children with UCDs demonstrate lower physical and psychosocial health scores but
these do not differ based type of UCD.

A) Physical Health and Psychosocial Health Summary child-report scores. B) Physical
Health and Psychosocial Health Summary parent-report scores. C) Emotional, Social,

and School functioning domains, child-report scores. D) Emotional, Social, and School
functioning domain, parent-report scores. E) Physical Health and Psychosocial Health
Summary child-report scores by UCD type. F) Physical Health and Psychosocial Health
Summary parent-report scores by UCD type. “Rare UCDs” comprise NAGSD, CPS1D,
ARG1D, CTLN2, and HHH syndrome. There were no child-report responses from children
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with rare UCD types. n for child report for UCDs = 79, Healthy Children = 401, PKU= 202,
T1and 2 DM = 300. n for parent report for UCDs = 190 Healthy Children =717, T1 and 2
DM = 307. Bar graphs represent mean and standard deviation. *Bonferroni adjusted p<0.01
equivalent to an unadjusted p<0.05. The data for healthy children are derived from Varni et
al. 2001. The data for children with PKU are derived from Bosch et al. 2015. The data for
children with T1 and 2 DM are derived from Varni et al. 2003.
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Figure 2. HRQoL in adults with UCDs.
A) PCS and MCS in adults with UCDs compared to healthy adults and adults with PKU and

T1 DM. B) PCS and MCS in adults with UCDs categorized by UCD type. n for UCDs =
203, healthy adults = 3828, PKU=104, and T1 DM =1373. Bar graphs represent mean and
standard deviation. *denotes significant Bonferroni adjusted p-value. i.e., *p< 0.017. The
data for healthy adults are derived from Maglinte et al 2012. The data for adults with PKU
are derived from Bosch et al 2015. The data for adults with TIDM are derived from Svedbo
Engstrom et al 2019.
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Figure 3. HRQoL in children and adults with UCDs in symptomatic vs asymptomatic categories.
A) Child- and parent-report scores on PedsQL show no statistically significant differences

between the symptomatic and asymptomatic children B) MCS on SF-36v2 is lower in
asymptomatic as compared symptomatic adults with UCDs. n for child report — symptomatic
=59, asymptomatic =17; n for parent report symptomatic = 140, asymptomatic = 40; n

for adults symptomatic = 98, asymptomatic = 97. Bar graphs represent mean and standard
deviation. *denotes p<0.05
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Characteristics of children and adults with UCD for whom responses on PedsQL, and SF-36v2, respectively

were analyzed.

All children OTCD (females)  OTCD (males) ASLD ASS1D Rare UCDs!
PedsQL Parent Report
n 190 74 32 35 32 17
'(“I%ER')” years Median 5.8 (3.0-8.9) 5.9 (3.3-9.3) 6.5 (3.3-9.3) 5.0 (2.6-8.4) 6.1 (3.4-8.5) 46 (3.3-7.1)
PedsQL Child Report
n 79 4 12 12 11 3
ﬁ%eR')” years Median 8.6 (6.9-10.5) 9.2 (7.2-11.0) 90(6.6-9.3)  80(74-101)  7.8(6.6-8.6) 5.9 (5.8-6.5)
All adults OTCD (females)*  OTCD (males) ASLD ASS1 Rare UCDs
SF-36v2
n 203 141 25 13 11 13

Age in years Median

(IQR)

32.9 (24.9-42.0)

35.8(28.5-428) 30.0(21.8-347) 26.8(23.1-385

23.9 (21.7-26.4)

31.4 (20.2-51.2)

'ZSince the group sample sizes for individuals with NAGSD, CPS1D, ARG1D, HHH, and CTLN2 were too low to conduct statistical comparisons,
they were grouped as “Rare UCDs”
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Sample sizes required for detecting differences on HRQoL in UCDs based on data generated by this study.

Total n required in a parallel group design to detect a mean difference of

Mean score | SD 5 10
PedsQL Child Report
Physical Health Summary Score 79.8 17.9 406 104
Psychosocial Health Summary Score 72.7 17.6 392 100
PedsQL Parent Report
Physical Health Summary Score 76.4 24.2 736 186
Psychosocial Health Summary Score 73.0 18.5 432 110
SF-36v2
Physical Component 48.6 12.3 192 50
Mental Component 46.3 12.2 190 50
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