
O R I G I N A L  R E S E A R C H

Development and Preliminary Psychometric 
Evaluation of the Glycogen Storage Disease Type 
Ia Functional Assessment Diary (GSD FAD)
Diane M Turner-Bowker 1, Shayna Egan1, Jessica Butler1, Adrian Jewett2, Deepali Mitragotri3, 
Brandon Foster2, Alison Skrinar1, Christina Theodore-Oklota1

1Endpoint Development and Strategy, Ultragenyx Pharmaceutical Inc., Novato, CA, USA; 2Patient Centered Outcomes, Lumanity, Long Beach, CA, 
USA; 3Biostatistics & Epidemiology, Ultragenyx Pharmaceutical Inc., Novato, CA, USA

Correspondence: Diane M Turner-Bowker, Endpoint Development and Strategy, Ultragenyx Pharmaceutical Inc., 60 Leveroni Court, Novato, CA, 
94949, USA, Tel +1 401 372 4793, Email DTurner-Bowker@ultragenyx.com

Purpose: Glycogen storage disease type Ia (GSDIa) is a rare, inherited, autosomal recessive condition with deficiency of glucose- 
6-phosphatase (G6Pase) characterized by fasting hypoglycemia due to an inability to release glucose from hepatic glycogen stores and 
other metabolic pathways, requiring frequent consumption of exogenous glucose for survival. Patient-reported outcome (PRO) 
measures are important to assess GSDIa burden, though no disease-specific PRO for GSDIa exists. This research describes the 
Glycogen Storage Disease Functional Assessment Diary (GSD FAD), a 31-item PRO developed to assess the signs/symptoms and 
impacts of GSDIa in individuals ages 8 and older.
Patients and Methods: Mixed methods research including a literature review, online survey, and concept elicitation (CE) interviews 
informed the construction of the GSD FAD. Cognitive debriefing (CD) interviews evaluated concept relevance and understanding of 
the questionnaire. Psychometric properties were evaluated using Phase 3 trial screening/baseline data to assess item variability, 
structure/scaling potential, scoring, reliability, validity, and minimum detectable change.
Results: The literature review, online survey (N=26), and CE interviews (N=7) identified hypoglycemia and cornstarch regimen 
impacts as most burdensome and most important to treat from the patient perspective. The initial draft GSD FAD included 36 items. 
Most items were interpreted as intended in CD interviews (N=16); revisions to the GSD FAD addressed interpretation issues. Three 
domain scores (Symptoms Total Score, Sleep Impacts Total Score, and Daily Impacts Total Score) showed acceptable reliability and 
validity but had notable ceiling effects that may limit responsiveness in some settings.
Conclusion: The GSD FAD is a novel, content-valid PRO that measures the humanistic burden of GSDIa and cornstarch treatment 
regimen, including the signs/symptoms of hypoglycemia and their impact on health-related quality of life (HRQoL) in individuals ≥ 8 
years with GSDIa, that yields reliable and valid scores. While developed in a trial setting, the GSD FAD has potential for use in 
nutritional, behavioral, and/or educational applications.
Keywords: GSDIa, patient-reported outcome, content validity, psychometric, reliability, validity

Introduction
Glycogen storage disease type Ia (GSDIa) is a rare, autosomal recessive disease with a deficiency of glucose-6-phos
phatase (G6Pase), an enzyme essential for glycogenolysis and gluconeogenesis.1,2 G6Pase deficiency prevents glycogen 
breakdown, causing excess accumulation of glycogen in the liver and kidneys and life-threatening fasting hypoglycemia.3 

Additional metabolic abnormalities include hypertriglyceridemia, hyperuricemia, and lactic acidemia.2

There is no existing cure for GSDIa. It is managed with a medically-prescribed diet that typically includes frequent 
ingestion of large quantities of uncooked cornstarch/Glycosade® during the day and night to provide a steady supply of 
exogenous glucose.3 Early treatment and close monitoring of glycemic control is essential; if patients with GSDIa have 
insufficient intake of carbohydrates, fatal hypoglycemia can result.4 Patients living with GSDIa experience significant 
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burden from the condition, as well as its treatment and monitoring. Recent qualitative narrative research provided insight 
into the humanistic burden of GSDIa and its treatment, symptom burden, and diminished health-related quality of life 
(HRQoL) impacts on daily activities, emotional, social, relationships, and work/school function.5

Patients are experts in the experience of their disease and patient experience data (PED) are important in drug 
development to inform clinical trial design, endpoint selection, results interpretation, and benefit-risk assessment; health 
technology assessment in value assessments and cost-effectiveness analyses; disease management for population-based 
monitoring, case finding, benchmarking, and performance evaluation; and clinical practice for individualized care 
planning and patient-provider shared decision-making, among other applications.

Regulatory guidelines describe research methods to elicit key measurement concepts (signs/ symptoms and impacts) 
that are important and relevant to patients, as well as methods to evaluate patient-reported outcome (PRO) measures for 
use in assessing these concepts.6

Patient experience research is needed to understand GSDIa from the patient perspective and to inform measurement 
strategies for the assessment of health outcomes meaningful to patients with the condition. However, GSDIa patient- 
centered research following the methods outlined in regulatory guidelines is limited and to our knowledge, no GSDIa- 
specific PRO currently exists.

Generic PROs have been used in GSDIa;7–9 however, items in generic PROs do not measure concepts that are 
relevant to individuals with GSDIa such as hypoglycemia events, symptoms of hypoglycemia (eg, tiredness, difficulty 
concentrating), and impacts specific to GSDIa (eg, constant monitoring of glucose levels, adjustment of cornstarch 
dosing, and strict lifelong dietary management and restrictions, fear of missing a dose with potentially fatal conse
quences, disrupted sleep due to nighttime cornstarch treatment, and limitations on physical, social, relationships and other 
aspects of daily life).10 In following, generic PRO scores used in GSDIa may not be as sensitive as scores yielded from 
a disease-specific measure.

Comprehensive patient-based assessment includes both generic and disease-specific measures of health status. 
Disease-specific measures tend to yield sensitive scores that are more responsive to disease-specific changes, while 
generic measures make it possible to compare disease burden and outcomes across diseases and treatments.11

The current research identified the important and relevant signs/symptoms and impacts of GSDIa in individuals ages 
8 and older and informed the development of a new disease-specific PRO, the Glycogen Storage Disease Functional 
Assessment Diary (GSD FAD). This novel 31-item PRO was developed following regulatory and scientific best 
practices6,12–15 and is expected to fill specific, conceptual gaps with the assessment of clinically salient, patient- 
relevant items.

This manuscript describes the development of the GSD FAD, its content validation, and preliminary evidence 
regarding score psychometric performance using baseline data from a Phase 3, randomized, double-blind, placebo- 
controlled clinical trial to evaluate DTX401, an investigational adeno-associated virus serotype 8 (AAV8) vector 
containing the human G6PC gene (DTX401-CL301; ClinicalTrials.gov Identifier: NCT05139316) in pediatrics (8 to 
<18 years) and adults (≥ 18 years) with GSDIa.

Methods
Development of the GSD FAD
Literature Review
A systematic, targeted concept-focused literature review was conducted to identify published literature describing signs/ 
symptoms and impacts experienced by individuals living with GSDIa. A MEDLINE® search was conducted via PubMed, 
filtered to limit the search to relevant articles published between 2010 to 2020, in English language, and involving human 
participants. Key inclusion criteria for article selection included articles describing clinician- or patient-report of GSDIa 
signs/symptoms or impacts, or articles focused on PRO instruments developed using clinician or patient input to measure 
signs/symptoms and impacts of GSDIa. Key exclusion criteria excluded articles that were not focused on the signs/ 
symptoms and impacts of GSDIa (eg, articles describing physiological measures of GSDIa, such as medical imaging). 
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Detailed search terms and criteria for full-text articles selection are described in Supplementary Tables 1 and 2, 
respectively.

Online Cross-Sectional Observational Survey
A cross-sectional, observational survey was conducted to assess patient experiences of GSDIa and, when appropriate, 
their caregivers.16 Survey questions focused on symptoms and impacts of the condition, diet/eating, treatment regimen, 
and aspects of GSDIa to improve. Following WCG (Western) Institutional Review Board (IRB) ethics approval, 
participants were recruited through clinician referral, advocacy groups, and/or social media using an IRB-approved 
recruitment flyer. Eligible individuals completed the survey online on the SurveyMonkey platform accessed via 
a password-protected link.

Concept Elicitation (CE) Interviews
Qualitative CE interviews were conducted to identify the important and relevant signs/symptoms and impacts of GSDIa 
from the perspective of patients and, when appropriate, caregivers. Following WCG IRB ethics approval, individuals 
were recruited from previous participation in the online cross-sectional observational survey, and through clinician 
referral, advocacy groups, and/or social media using an ethics-approved recruitment flyer. Face-to-face or telephone 
interviews were conducted using a semi-structured interview guide, lasted approximately 90 minutes, and were audio- 
recorded with consent. Recordings were transcribed, coded using Atlas.ti software package (Atlas.ti GmbH, Berlin) and 
qualitatively analyzed.17–19

Questionnaire Construction
Converging results from the literature review, online survey, and patient interviews informed a preliminary conceptual 
model for GSDIa and development of the draft GSD FAD. The GSD FAD included a morning and evening diary 
intended for electronic administration in a clinical trial. Items were written following best practice principles for item 
construction20 and most measure concept frequency using a 5-point verbal response scale (VRS), though a few items use 
additional response options.

Combined CE and Cognitive Debriefing (CD) Interviews
Combined CE/CD interviews were conducted to confirm the GSD FAD content relevance in the target population, 
evaluate patient understanding of the content, and inform revisions to the draft measure. Participants were recruited in the 
same manner as for CE interviews. Interviews were approximately 90 minutes in duration, conducted via telephone or 
secure video chat that was audio recorded with consent, using a semi-structured interview guide.21 Recordings were 
transcribed and content analyzed using Atlas.ti software package (Atlas.ti GmbH, Berlin).

Concept saturation was not formally evaluated due to the sample size; however, cognitive debriefing findings relating 
to content relevance were used to support the content validity evaluation.

Questionnaire Revision
The GSD FAD was revised based on the CE/CD interview results and administered as an electronic daily diary in the 
Phase 3 DTX401-CL301 trial.

Preliminary Psychometric Evaluation of the GSD FAD
Psychometric properties were evaluated using DTX401-CL301 Phase 3 screening/baseline data from the Intent-to-Treat 
(ITT) population (N=46), defined as all randomized participants who received any investigational product (DTX401 or 
Placebo). The GSD FAD was completed electronically by participants every morning and evening for 14 days prior to 
baseline and for 7 days prior to each applicable post-baseline visit. Trial data were analyzed for item variability, structure 
and scaling potential, scoring approach, score reliability, score validity, and preliminary score interpretation thresholds. 
For most analyses, listwise deletion was used to handle missing scores, except for the assessment of inter-item 
correlations, convergent validity, and discriminant validity, which used pairwise deletion. All analyses were conducted 
using R version 4.1.022 or higher, using a combination of base features and the following packages: tidyverse,23 psych,24 

and irr.25
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Assessment of Item Variability
Item frequency distributions for daily data, and descriptive statistics for daily data aggregated over participants and days, 
were calculated to assess item completion and variability.

Item Completion Rates
To examine completion patterns, missingness was calculated using the total number of participants at each day of the last 
14 days of screening (Days −14 to −1) as the denominator and the total number of non-missing responses for each item as 
the numerator.

Item Response Distributions
The frequency and percentage of responses on each category were calculated using the last 14 days of screening (Days 
−14 to −1) data for items to assess response category utilization and evaluate the presence of ceiling and floor effects 
(identified if the percentage of responses was highest in the response category representing the best possible health state 
[ie, ceiling effect] or the worst possible health state [ie, floor effect]).

Assessment of Item Means and Modal Responses
Item response mean and mode were calculated for the last 14 days of screening (Days −14 to −1).

Assessment of Structure and Scaling Potential
Inter-Item Correlations
Spearman correlation coefficients (rs) were calculated between items within each of the last seven days of screening 
(Days −7 to −1) and were averaged across seven days to provide estimates of the inter-item associations in the presence 
of daily fluctuations. Correlation performance criteria were 0.30 ≤ |rs| ≤ 0.90.26 Items showing poor performance were 
dropped from their respective domains, and correlations were re-examined.

Item-Total Correlations and Internal Consistency Reliability
Classical test theory (CTT) methods were used to evaluate the scaling potential for hypothesized GSD FAD domains 
(symptoms, sleep impacts, daily impacts). Item discrimination was examined using corrected Pearson item-total 
correlations (rp) between each item and the sum score of the other items in the domain. A cutoff of rp ≥ 0.40 was 
used to determine acceptable discrimination.27 Overall internal consistency reliability was assessed with Cronbach’s 
alpha (α) using data from the last seven days of screening (Days −7 to −1) averaged across seven days to provide more 
robust estimates of item/scale performance. A threshold of α ≥ 0.70 was used to determine acceptable reliability,28–30 and 
α was iteratively reassessed with individual items removed.

Scoring Approach
Stability of Daily Scores
To evaluate the appropriate period over which to aggregate the daily scores, the stability of GSD FAD scores was 
assessed over a 7-day period using a two-way mixed effects intraclass correlation coefficient for the absolute agreement 
of average scores (ICC [A,K]).31 An ICC (A,K) value of ≥ 0.70 was the acceptable threshold for the 7-day average score 
to be considered reliable.31–33 The stability of daily scores was evaluated using data from the first and last 7-day periods 
of screening (Days −14 to −8 and Days −7 to −1). Additionally, the Spearman-Brown prediction formula (ICC[A,K] 
values from last seven days of screening [Days −7 to −1]) was used to examine the impact of missing daily scores on the 
reliability of 7-day average scores. A missing data rule requiring at least 4 of 7 observations to determine whether 
a participant’s summary score was created or set to missing was applied. Recent research suggests that this commonly 
used rule was supported through simulations aimed to assess the impact of missing data on summary score estimates.34 

Specifically, this analysis evaluated the drop in reliability of the 7-day average score for up to 3 missing daily scores (ie, 
up to 50% missing). The 7-day average score was considered reliable if the estimate derived with less than seven days of 
data was ≥ 0.70.
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Descriptive Summaries of Scores
Descriptive statistics for continuous variables were calculated, including sample size (N), mean, standard deviation (SD), 
median, interquartile ranges, minimum (Min), and maximum (Max). Score level floor and ceiling effects were evaluated. 
Ceiling effects were identified if the absolute difference between the minimum observed value and the mean divided by 
the SD was less than 1 (ie, [|Min–Mean|/SD] < 1). Floor effects were identified if the absolute difference between the 
maximum observed value and the mean divided by the standard deviation was less than 1 (ie, [|Max–Mean|/SD] < 1).35 

A value below 1 for either estimate indicated that scores were truncated for a substantial proportion of participants. 
Descriptive statistics were calculated for scores from the first and last 7-day periods of available screening data (ie, Days 
−14 to −8 and Days −7 to −1).

Reliability and Validity
Test-Retest Reliability
The test-retest reliability of 7-day average scores was examined across a 7-day lag using two screening time points, Days 
−14 to −8 and Days −7 to −1, using a two-way mixed effects intraclass correlation coefficient for the absolute agreement 
of single scores ICC(A,1). The criterion for acceptable reliability was an ICC(A,1) ≥ 0.70.31–33

Convergent and Discriminant Validity
Convergent and discriminant validity analyses examined the degree to which the Symptoms Total Score, Sleep Impacts 
Total Score, and Daily Impacts Total Score correlated as predicted with scores from other criterion measures (“co- 
validators”).27 Spearman correlations (rs) using pairwise deletion examined the association between each GSD FAD 
domain score obtained from screening (Days −7 to −1) and scores from co-validators, including: Patient Global 
Impression of Severity (PGIS) scores (screening, Day −1), EQ-5D-(5L/Y) scores (baseline, Day 0), and starch diary 
scores (average frequency of nighttime cornstarch/Glycosade intake, average frequency of daytime cornstarch/Glycosade 
intake) (screening, Days −14 to −1). Correlations were characterized as |rs| < 0.10 (Discriminant), 0.10 ≤ |rs| < 0.30 
(Small), 0.30 ≤ |rs| < 0.50 (Medium), and |rs| ≥ 0.50 (Large).36,37

Known-Groups Validity
Tests of known-groups assessed whether GSD FAD scores distinguished between groups known to differ clinically. The 
Symptoms Total Score was assessed using: Frequency of Hypoglycemic Events in Past Year (< 70 mg/dl), Frequency of 
Hypoglycemic Events in Past Year (< 54 mg/dl), PGIS-Had Low Blood Sugar, and PGIS-Severity of Symptoms. The 
Sleep Impacts Total Score was assessed using: Average Frequency of Daytime Cornstarch/Glycosade Intake, Average 
Total Daily Cornstarch/Glycosade Intake, Number of Hours of Fasting Tolerance, and PGIS – Bothered by Impacts. The 
Daily Impacts Total Score was assessed using: Average Frequency of Daytime Cornstarch/Glycosade Intake, Average 
Total Daily Cornstarch/Glycosade Intake, EQ-5D-(5L/Y) Usual Activities, and PGIS – Bothered by Impacts. Descriptive 
summaries of GSD FAD scores were calculated within known-groups, using GSD FAD domain scores obtained from 
screening (Days −7 to −1) against co-validating known-groups collected during screening or the baseline visit. The 
success criterion was monotonic ordering (either decreasing or increasing values) of a score from the GSD FAD score 
median across corresponding groups representing higher or lower levels of the measured construct.38 Focus was placed 
on the median due to its resilience to outliers and skewed data.

Minimum Detectable Change (MDC)
Distribution-based methods were used to calculate MDC indices (standard error of measurement [SEM], standard error 
of estimation [SEE], standard error of prediction [SEP], and reliable change index [RCI]) to establish criteria for 
identifying significant within-patient change for multi-item GSD FAD scores.39–42 Each MDC index was multiplied by 
1.96 to approximate a two-tailed significance test, establishing thresholds for significant within-patient change. The 
lowest and highest thresholds were used to define a range of significant within-patient change for each GSD FAD score. 
The inputs used to calculate these indices were the reliability estimates from the stability of daily scores analysis (ICC[A, 
K]) and SDs for each GSD FAD score from the last 7-day period of the screening data (ie, Days −7 to −1).
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Results
Development of the GSD FAD
Figure 1 presents the preliminary conceptual model for GSDIa based on converging results from the literature review, 
online survey, and CE interviews.

Literature Review
Seven articles were included in the final full-text review and used for contribution to the development of the conceptual 
framework. Sixty-three clinician- or patient-reported sign/symptom concepts and eight unique clinician- or patient- 
reported impacts of GSDIa were identified and used to inform the development of the online cross-sectional survey 
(Figure 1).

Online Cross-Sectional Observational Survey
Twenty-six participants from the United States (n=11 adults, n=6 adolescents, n=9 caregivers of children living with 
GSDIa) completed the online survey between September 2018 and March 2019 (Table 1). Respondents most frequently 
reported hypoglycemia (adults n=11, 100%; caregivers n=9, 100% [adolescents were not asked sign/symptom ques
tions]). Common hypoglycemia triggers included increased physical activity (n=7 caregivers, 78%) and forgetting to 
consume cornstarch (n=10 adults, 91%). Frequently reported hypoglycemia symptoms were sweating (n=19, 95%), 
fatigue (n=17, 85%), hunger (n=16, 80%), shakiness (n=16, 80%), pale skin (n=13, 65%), and anxiety (n=8, 40%). 
Participants reported negative impacts of GSDIa on appearance (eg, weight), physical activities, daily activities (eg, 
chores, errands, school, work), sleep, emotional (eg, feeling self-conscious, embarrassed, frustrated, anxious, angry), 
relationships (eg, dependence on others), and social life (not being able to do things with friends) (Figure 1). Participants 
most frequently identified treatment regimen as the most bothersome aspect of GSDIa, and hypoglycemic events as the 
most important to improve.

Concept Elicitation (CE) Interviews
Seven participants (n=2 adults, n=3 adolescents, n=2 child and caregiver dyad) completed CE interviews (Table 2). 
Hypoglycemia was reported by all participants (n=7, 100%). Of the 29 signs/symptoms identified, the most frequently 

Figure 1 Reported in: aLiterature review, bOnline survey, cConcept elicitation (CE) interviews. Predominant concepts that appear in the final GSD FAD are bolded.
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reported were symptoms associated with hypoglycemia, including hunger (n=5, 71%), pale skin (n=5, 71%), anxiety 
(n=4, 57%), shakiness (n=4, 57%), and tiredness (n=4, 57%). Feeling tired, shaky, and weak were identified as the most 
bothersome signs/symptoms. Hypoglycemia was identified as most important to treat, followed by confusion/brain fog, 
low energy, and muscle development. A total of 31 impacts across six domains (physical, daily activities, work/school, 
sleep, emotional, and social) were reported. Common impacts were primarily cornstarch regimen-related and included 
restrictive diet (n=6, 86%), interrupted sleep (n=4, 57%), the need to plan ahead for diet (n=3, 43%), difficulty waking 

Table 1 Participant Characteristics for the Online Survey (N=26)

Characteristica Caregivers 
(n=9)b

Adolescent 
Participants (n=9)b

Adolescents Who 
Completed a Survey (n=6)b

Adults 
(n=11)

Age (years)

Min–Max 32–66 9–17 12–17 18–55

Mean (SD) 43.9 (10.2) 13.4 (3.2) 15.3 (2.0) 35.5 (10.5)

Gender (n, %)

Female 6 (66.7%) 5 (55.6%) 1 (16.7%) 7 (63.6%)

Male 3 (33.3%) 4 (44.4%) 5 (83.3%) 4 (36.4%)

Notes: aRace/ethnicity data were not collected in the online survey. bCaregivers reported on behalf of children, adolescents, and themselves. 
Abbreviation: N, total of participants.

Table 2 Participant Characteristics for the Concept Elicitation Interviews (N=7)a

Characteristic Caregiver (n=1) Child (n=1) Adolescents (n=3) Adults (n=2)

Age (years)

Min–Max N/A N/A 16–17 20–46

Mean (SD) 45 (N/A) 8 (N/A) 17 (0.6) 33 (18.4)

Gender (n, %)

Female 0 (0.0%) 1 (100.0%) 2 (66.7%) 1 (50.0%)

Male 1 (100.0%) 0 (0.0%) 1 (33.3%) 1 (50.0%)

Ethnicity (n, %)

Hispanic/Latino 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Non-Hispanic/Latino 1 (100.0%) 1 (100.0%) 3 (100.0%) 2 (100.0%)

Race (n, %)

American Indian or Alaska Native 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Asian 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Black or African American 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Native Hawaiian or Other Pacific Islander 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

White 1 (100.0%) 1 (100.0%) 3 (100.0%) 2 (100.0%)

Other 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Note: aFour concept elicitation interview participants were identified via the online survey. 
Abbreviations: N, total of participants; N/A, not available.
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(n=3, 43%), and limited social activities (n=3, 43%). Interrupted sleep was attributed to nighttime awakenings for 
cornstarch treatment, and social impacts were attributed to a regimented (“living by the clock”) and restrictive diet 
(cornstarch treatment limiting sugar and carbohydrate intake). Cornstarch regimen-related impacts (ie, the need to plan 
ahead for diet, interrupted sleep) were identified as important to treat.

Questionnaire Construction
The draft GSD FAD was developed based on converging results from the literature review, online survey, and CE 
interviews (Figure 1).

The original GSDIa Morning Diary included four items that used a recall of from the time you went to bed last night 
until now and a VRS response continuum. The original GSDIa Evening Diary was comprised of 32 items, including 20 
sign/symptom and 12 impact items. All items used a recall of from the time you woke up until now and most used 
a 5-point VRS response scale. Table 3 presents abbreviated item content and number of response options for each item.

Table 3 GSD FAD Morning and Evening Diary Question Content and Summary of Revisions During Development

eDiary Item 
Number

Content Covered Response 
Scale

Revisions Based on Cognitive 
Debriefing

Item Number in 
Final GSD FAD

Morning 1 Number of nighttime 

awakenings

8-point VRS N/A 1

2 How refreshed felt upon 

wakening

5-point VRS Dropped due to overlap with item (tired 

after waking up)

–

3 How difficult it was to 

wake up

5-point VRS N/A 2

4 How tired after waking 

up

5-point VRS N/A 3

Evening 

(Symptoms)

1 Frequency of cornstarch 

doses during day

11-point VRS N/A 1

2 Feel like have low blood 

sugar

5-point VRS N/A 2

3 Tiredness 5-point VRS N/A 3

4 Dizziness 5-point VRS N/A 4

5 Shakiness 5-point VRS N/A 5

6 Skin feeling clammy 5-point VRS Dropped due to misinterpretation –

7 Feeling hungrier than 

usual

5-point VRS N/A 6

8 Trouble concentrating 5-point VRS N/A 7

9 Feeling confused 5-point VRS N/A 8

10 Blurred vision 5-point VRS N/A 9

11 Sweatiness 5-point VRS Wording revised from feel sweaty to feel 
sweaty when resting or still

10

12 Feeling anxious 5-point VRS Dropped due to misinterpretation –

(Continued)
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Table 3 (Continued). 

eDiary Item 
Number

Content Covered Response 
Scale

Revisions Based on Cognitive 
Debriefing

Item Number in 
Final GSD FAD

13 Feeling stressed 5-point VRS Moved to be administered with other 
impact items and added attribution to 

GSDIa

24

14 Forgetfulness 5-point VRS Wording revised from forgetful to trouble 
remembering things

11

15 Feeling irritable 5-point VRS N/A 12

16 Muscle aches 5-point VRS N/A 13

17 Muscle weakness 5-point VRS N/A 14

18 Nausea 5-point VRS N/A 15

19 Skin looking pale 5-point VRS Dropped due to misinterpretation –

20 Trouble breathing 5-point VRS N/A 16

Evening 

(Impacts)

21 Frequency of feeling 

different due to diet

5-point VRS N/A 17

22 How disruptive to plan 

ahead

5-point VRS N/A 18

23 How inconvenient to 

follow diet

5-point VRS N/A 19

24 How difficult to play 

sports/exercise

5-point VRS + 

2 N/A options

N/A 20

25 How difficult to perform 

at work/school

5-point VRS + 

2 N/A options

N/A 21

26 How bothered by 

appearance

5-point VRS N/A 22

27 Frequency of feeling 

annoyed

5-point VRS Dropped due to misinterpretation –

28 Frequency of feeling 

frustrated

5-point VRS N/A 23

29 Frequency of feeling 

scared

5-point VRS N/A 25

30 Frequency of feeling self- 

conscious

5-point VRS N/A 26

31 Frequency of not 

participating in social 
activities

5-point VRS N/A 27

32 Frequency of negative 
effects on relationships

5-point VRS N/A 28

Abbreviations: VRS, verbal rating scale; GSD FAD, Glycogen Storage Disease Functional Assessment Diary; N/A, not available.
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Combined CE and Cognitive Debriefing (CD) Interviews
Sixteen individuals (n= 9 adults aged ≥18 years, n=4 adolescents aged 12–17 years, and n=3 children aged 8–12 years) 
participated in the interviews (Table 4). The three children completed only the CD component due to time limits. Adult 
and adolescent participants most frequently reported hypoglycemia (n=5, 39%), followed by fatigue/weakness (n=4, 
31%), and confusion (n=3, 23%) symptoms; and cornstarch regimen-related concerns were the most frequently reported 
impacts (restricted diet [n=8, 62%], planning ahead [n=5, 39%], and strict schedule [n=5, 39%]). Participants described 
the need for a less burdensome treatment regimen, including substantial reduction in cornstarch intake and improvements 
to diet. Overall, the instructions, items, and response options were interpreted as intended, and reported to be clear and 
relevant to most participants, with a few exceptions (Table 3).

Cognitive debriefing findings support the content validity of the GSD FAD: most participants reported no missing 
concepts, and the few suggested additions were infrequent, participant-specific, and did not show a consistent thematic 
pattern, indicating no systematic gaps in concept coverage for GSDIa.

Questionnaire Revision
Table 3 describes item revisions and final item content following CE/CD interviews.

Preliminary Psychometric Evaluation of the GSD FAD
The psychometric evaluation of the GSD FAD was conducted as a secondary analysis of DTX401-CL301 Phase 3 trial 
data.

Table 4 Participant Characteristics for the Concept Elicitation/Cognitive Debriefing Interviews 
(N=16)

Characteristic Children (n=3)a Adolescents (n=4) Adults (n=9)

Age (years)

Min–Max 8–12 13–17 21–47

Mean (SD) 9.7 (2.1) 14.5 (1.7) 35.2 (10.6)

Gender (n, %)

Female 1 (33.3%) 0 (0.0%) 6 (66.7%)

Male 2 (66.7%) 4 (100.0%) 3 (33.3%)

Ethnicity (n, %)

Hispanic/Latino 1 (33.3%) 0 (0.0%) 0 (0.0%)

Non-Hispanic/Latino 2 (66.7%) 4 (100.0%) 9 (100.0%)

Race (n, %)b

American Indian or Alaska Native 0 (0.0%) 0 (0.0%) 1 (11.1%)

Asian 0 (0.0%) 0 (0.0%) 0 (0.0%)

Black or African American 0 (0.0%) 0 (0.0%) 0 (0.0%)

Native Hawaiian or Other Pacific Islander 0 (0.0%) 0 (0.0%) 0 (0.0%)

White 2 (66.7%) 4 (100.0%) 9 (100.0%)

Other 1 (33.3%) 0 (0.0%) 0 (0.0%)

Notes: aParticipants took part in the cognitive debriefing component only. bRespondents were instructed to select all that 
apply. 
Abbreviation: N, total of participants.
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Sample
Data from a total of 46 participants (n= 26 adults, n=20 adolescents and children) from global study sites were included 
in the psychometric evaluation (Table 5).

GSD FAD Morning Diary and Evening Diary
The GSD FAD was administered in the DTX401-CL301 Phase 3 trial as a 3-item Morning Diary and a 28-item Evening 
Diary (Table 3) and was hypothesized to be comprised of three domains: (1) symptoms domain (Evening Diary Items 
2–16), (2) daily impacts domain (Morning Diary Items 1–3, Evening Diary Items 1 and 17–28), and (3) sleep impacts 
domain (Morning Diary Items 2–3, Evening Diary Item 3). All item response scales were rescaled to range between 0 
(better health) and 4 (worse health) prior to analysis.

Assessment of Item Variability
Most items showed a high completion rate (ie, near 100%). Specifically, Morning Diary items showed completion rates 
ranging from 97–100% for each day of the last 14 days of screening. All Evening Diary items showed completion rates 

Table 5 Participant Characteristics for the Psychometric Evaluation (N=46)

Characteristic Placebo (n=25) DTX401 (n=21) Total (N=46)

Age (years)

Min–Max 8–37 9–32 8–37

Mean (SD) 20.8 (8.4) 20.2 (8.5) 20.5 (8.4)

Age group (n, %)

8–17 years 10 (40.0) 10 (47.6) 20 (43.5)

≥ 18 years 15 (60.0) 11 (52.4) 26 (56.5)

Gender (n, %)

Female 12 (48.0) 7 (33.3) 19 (41.3%)

Male 13 (52.0) 14 (66.7) 27 (58.7%)

Ethnicity (n, %)

Hispanic/Latino 3 (12.0) 3 (14.3) 6 (13.0)

Non-Hispanic/Latino 17 (68.0) 16 (76.2) 33 (71.7)

Not reported 5 (20.0) 2 (9.5) 7 (15.2)

Unknown 0 (0.0) 0 (0.0) 0 (0.0)

Race (n, %)

American Indian or Alaska Native 0 (0.0) 0 (0.0) 0 (0.0)

Asian 2 (8.0) 0 (0.0) 2 (4.3)

Black or African American 0 (0.0) 0 (0.0) 0 (0.0)

Native Hawaiian or Other Pacific Islander 0 (0.0) 0 (0.0) 0 (0.0)

White 23 (92.0) 18 (85.7) 41 (89.1)

Not reported 0 (0.0) 2 (9.5) 2 (4.3)

Unknown 0 (0.0) 1 (4.8) 1 (2.2)

Other 0 (0.0) 0 (0.0) 0 (0.0)

Abbreviation: N, total of participants.
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ranging from 95–100% for each day of the last 17 days of screening, with the exception of difficult to play/exercise 
(range 66–83%) and difficulty at school/work (60–92%). Item response distributions showed ceiling effects on all items 
at each of the 14 days of screening. Average percentage of responses across Days −14 to −1 at the ceiling ranged from 
29% to 38% for each item in the Morning Diary, and 0.7% to 94% for the Evening Diary. However, several items had 
a substantial proportion of participants (ie, 40% or more) off the ceiling, with potential to capture improvement at post- 
baseline visits. The most common response to items was the ceiling of each item’s rating scheme.

Assessment of Structure and Scaling Potential
Inter-Item Correlations
Inter-item correlations for the symptoms domain (k=15) ranged between 0.12 ≤ rs ≤ 0.72; 59% of correlations met the 
performance criteria of 0.30 ≤ |rs| ≤ 0.90. Inter-item correlations for the sleep impacts domain (k=3) ranged between 0.59 
≤ rs ≤ 0.77; all correlations met the performance criteria. Items correlations for the daily impacts domain (k=16) ranged 
between −0.29 ≤ rs ≤ 0.83 and 60% of correlations met the performance criteria; however, correlations between Evening 
Item 1 (cornstarch frequency) and other items in the domain were lower than an absolute value of 0.30.

Corrected Item-Total Correlations
Most items showed satisfactory item discrimination (Table 6). Corrected item-total Pearson correlations (rp) ranged 
between 0.34 ≤ rp ≤ 0.76 for the symptoms domain and between 0.65 ≤ rp ≤ 0.84 for the sleep impacts domain. Corrected 
item-total Pearson correlations (rp) ranged between 0.40 ≤ rp ≤ 0.86 for the daily impacts domain, except for Evening 
Diary Item 1 (cornstarch frequency) and Morning Diary Item 1 (nighttime awakening for cornstarch).

Table 6 GSD FAD Item-Total Correlations and Internal Consistency Reliability: Data from Last Seven Days of 
Screening, Days −7 to −1

Symptoms Domain (k = 15) 
Cronbach’s α = 0.88

Average Corrected Item-Total Correlation Cronbach’s α If Item Removed

Item 8. Felt confused* 0.76 0.86

Item 7. Trouble concentrating* 0.76 0.86

Item 11. Trouble remembering* 0.74 0.86

Item 14. Felt weak* 0.72 0.86

Item 13. Muscles ached* 0.72 0.86

Item 4. Felt dizzy* 0.68 0.87

Item 2. Felt low blood sugar* 0.59 0.87

Item 3. Felt tired* 0.59 0.87

Item 12. Felt irritable* 0.53 0.87

Item 15. Felt nauseous* 0.48 0.88

Item 16. Trouble breathing* 0.40 0.88

Item 9. Blurry vision* 0.37 0.88

Item 5. Felt shaky* 0.37 0.88

Item 6. Hungrier than usual* 0.35 0.89

Item 10. Felt sweaty* 0.34 0.88

(Continued)
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Internal Consistency Reliability
Each scale demonstrated a high level of internal consistency reliability, exceeding the α ≥ 0.70 criterion (Table 6), and no 
item substantially increased α when the item was removed from the domain. When Evening Diary Item 1 (cornstarch 
frequency) and Morning Diary Item 1 (nighttime awakening for cornstarch) were removed from the daily impacts 
domain, there was no effect on the overall Cronbach’s α (α=0.92). After dropping these two items, corrected item-total 
Pearson correlations (rp) for this domain improved (0.41 ≤ rp ≤ 0.87).

Approach to Scoring
Stability of Daily Scores
All 7-day average scores (for Days −14 to −8 and Days −7 to −1) showed acceptable reliability; estimates exceeded ICC(A,K) 
≥ 0.70 for both time periods examined. ICC(A,K) estimates were higher for the last seven days of screening (Days −7 to −1) 
(Supplementary Table 3).

Application of the Spearman-Brown Prediction formula to the ICC(A,K) estimates showed that allowing up to three 
days of missing data still produced 7-day average scores with adequate reliability properties (≥ 0.70) (Supplementary 
Table 4).

Table 6 (Continued). 

Daily Impacts Domain (k = 14) 
Cronbach’s α = 0.92

Average Corrected Item-Total Correlation Cronbach’s α If Item Removed

Item 19. Difficulty following diet* 0.87 0.91

Item 18. Difficulty with planned diet* 0.87 0.91

Item 24. Felt stressed/worried* 0.86 0.91

Item 17. Felt different due to diet* 0.83 0.91

Item 23. Felt frustrated* 0.74 0.91

Item 26. Felt self-conscious/nervous* 0.67 0.91

Item 22. Bothered by appearance* 0.65 0.91

Item 28. Difficulty with relationships* 0.59 0.92

Item 25. Felt scared* 0.58 0.92

Item 21. Difficulty at school/work* 0.52 0.92

Item 27. Difficulty socializing* 0.51 0.92

Item 3. Tired after waking up** 0.51 0.92

Item 2. Difficulty waking up** 0.42 0.92

Item 20. Difficult to play/exercise* 0.41 0.92

Sleep Impact Domain (k = 3) 
Cronbach’s α = 0.86

Average Corrected Item-Total Correlation Cronbach’s α If Item Removed

Item 3. Tired after waking up** 0.84 0.69

Item 2. Difficulty waking up** 0.73 0.80

Item 3. Felt tired* 0.65 0.87

Notes: *Evening eDiary. **Morning eDiary. 
Abbreviation: GSD FAD, Glycogen Storage Disease Functional Assessment Diary.
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Scoring Algorithms
Symptoms Total Score (15 Items)
A daily total score was calculated by summing Evening Diary Items 2–16 within each day, allowing for no item-level 
missingness (ie, if an item was missing, then the daily score was set to missing). Next, a 7-day average score was 
calculated, allowing up to three missing daily scores. If more than three daily scores were missing, then the 7-day 
average score was set to missing. The Symptoms Total Score ranges from 0 to 60, with higher scores indicating a higher 
frequency of symptoms.

Sleep Impacts Total Score (3 Items)
A daily total score was calculated by summing Morning Diary Items 2–3 and Evening Diary Item 3 within each day, 
allowing for no item-level missingness. Next, a 7-day average score was generated, allowing up to three missing daily 
scores. If more than three daily scores were missing, then the 7-day average score was set to missing. The Sleep Impacts 
Total Score ranges from 0 to 12, with higher scores indicating worse sleep impacts due to GSDIa.

Daily Impacts Total Score (14 Items)
A daily total score was calculated by summing Morning Diary Items 2–3 and Evening Diary Items 17–28 within 
each day, allowing for no item-level missingness. Next, a 7-day average score was generated, allowing up to three 
missing daily scores. If more than three daily scores were missing, then the 7-day average score was set to missing. The 
Daily Impacts Total Score ranges from 0 to 56, with higher scores indicating worse daily impacts due to GSDIa.

GSD FAD Domain Score Descriptives
Symptoms Total Score (k = 15) descriptives derived using Days −14 to −8 and Days −7 to −1 showed lower levels of 
symptom frequency and burden, respectively, with ceiling effects observed at the score-level for the Day −7 to −1 period.

Sleep Impacts Total Score (k = 3) descriptives derived using Days −14 to −8 and Days −7 to −1 showed lower levels 
of burden, with no score-level ceiling effects for either period. Daily Impacts Total Score (k = 14) descriptives derived 
using Days −14 to −8 and Days −7 to −1 showed lower levels of burden, with ceiling effects observed at the score-level 
in both periods (Table 7).

Table 7 GSD FAD Domain Score Descriptive Statistics for 7-Day Periods During Screening

Score Visit N Mean (SD) Median Q1–Q3 Min Max Ceiling Effect Floor Effect

Symptoms Total 
Score

Baseline Minus 14 Days to 
Minus 8 Days

37 5.65 (4.85) 4.60 2.29–7.20 0.14 21.29 Absent Absent

Sleep Impacts 
Total Score

37 3.77 (2.27) 3.75 2.14–5.60 0.00 8.43 Absent Absent

Daily Impacts 
Total Score

23 8.96 (10.45) 4.86 2.13–9.78 0.60 34.14 Present Absent

Symptoms Total 

Score

Baseline Minus 7 Days to 

Minus 1 Day

44 5.41 (5.96) 3.38 1.36–7.33 0.00 23.43 Present Absent

Sleep Impacts 

Total Score

43 3.55 (2.57) 3.57 1.50–5.41 0.00 10.14 Absent Absent

Daily Impacts 

Total Score

27 8.34 (10.58) 3.57 1.36–11.16 0.00 38.43 Present Absent

Notes: Score level floor and ceiling effects were assessed via standardized residuals (ie, if |max or min – mean| / SD < 1, then severe floor or ceiling effects may be present). 
Ceiling effects are defined as binning of scores towards the best possible health state (ie, low GSD FAD score), and floor effects are defined as the binning of scores towards 
the worst possible health state (ie, high GSD FAD scores). 
Abbreviations: GSD FAD, Glycogen Storage Disease Functional Assessment Diary; N, number of scores; SD, standard deviation; Q1, first quartile; Q3, third quartile; Min, 
minimum; Max, maximum.
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Reliability and Validity
Test-Retest Reliability
The Symptoms Total Score, Daily Impacts Total Score, and Sleep Impacts Total Score all exceeded cut-offs for test-retest 
reliability (ICC[A,1] estimates >0.70) across a 7-day lag (Table 8).

Convergent and Discriminant Validity
Most Spearman correlations for all GSD FAD scores showed the expected magnitude; however, the correlation between 
the Sleep Impacts Total Score and the Average Frequency of Nighttime Cornstarch/Glycosade Intake (rs = −0.08) was 
lower than expected (Table 9).

Known-Groups Validity
The Symptoms Total Score distinguished between all known-groups, the Daily Impacts Total Score distinguished 
between one of three known-groups, and the Sleep Impacts Total Score distinguished between three of four known- 
groups tested (Table 10).

Table 9 Summary of Convergent Validity Results for GSD FAD Scores from the Last Seven Days of Screening with Co-Validating 
Measures

Score Co-validator Expected 
Magnitude

Result Interpretation

Symptoms Total Score EQ-5D-(5L/Y) Pain/Discomfort Discriminant/Small Medium (rs = 0.39) Pass

PGIS – Had Low Blood Sugar Medium/Large Large (rs = −0.79) Pass

PGIS – Severity of Symptom Medium/Large Large (rs = −0.75) Pass

Daily Impacts Total Score EQ-5D-(5L/Y) Pain/Discomfort Discriminant/Small Medium (rs = 0.33) Pass

PGIS – Bothered by Impacts Medium/Large Large (rs = −0.81) Pass

Sleep Impacts Total Score EQ-5D-(5L/Y) Pain/Discomfort Discriminant/Small Large (rs = 0.52) Pass

PGIS – Bothered by Impacts Small/Medium Large (rs = −0.69) Pass

Average Frequency of Nighttime Cornstarch/Glycosade Intake Medium Discriminant (rs = −0.08) Fail

Average Frequency of Daytime Cornstarch/Glycosade Intake Small/Medium Small (rs = −0.26) Pass

Notes: The GSD FAD, PGIS, starch diary (average frequency of nighttime cornstarch/Glycosade intake, average frequency of daytime cornstarch/Glycosade intake), and 
EuroQol-5 Dimension measures consist of both adult and pediatric versions. Analyses described herein have been performed on pooled versions of these measures. NA 
results were not estimable due to severe truncation of variability in the co-validator. NA results are inconclusive due to extreme ceiling effect on the co-validator. 
Abbreviations: GSD FAD, Glycogen Storage Disease Functional Assessment Diary; PGIS, Patient Global Impression of Severity; EQ-5D-(5L/Y), EuroQol-5 Dimension 
(5-level/youth version); rs, Spearman correlation; NA, not applicable.

Table 8 Test-Retest Reliability of GSD FAD Scores Between Two 7-Day 
Periods of Screening (Days −14 to −8 and Days −7 to −1) – ICC(A,1) 
Estimates

Score N Time Points Estimate L95 U95

Symptoms Total Score 37 2 0.85 0.73 0.92

Daily Impacts Total Score 21 2 0.96 0.91 0.98

Sleep Impacts Total Score 36 2 0.91 0.83 0.95

Abbreviations: GSD FAD, Glycogen Storage Disease Functional Assessment Diary; ICC, 
intra-class correlation coefficient; N, number of participants with complete data across time 
points; L95, lower bound of 95% interval for ICC(A,1); U95, upper bound of 95% interval for 
ICC(A,1); HO, null hypothesis tested.
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Table 10 Summary of Known-Groups Validity Results for the GSD FAD Scores

Score Tests of Known-Groups

Frequency of 
Hypoglycemic 

Events in Past Year 
(< 70 mg/dl)

Frequency of 
Hypoglycemic 

Events in Past Year 
(< 54 mg/dl)

Average Frequency 
of Daytime 
Cornstarch/ 

Glycosade Intake

Average Total 
Daily 

Cornstarch/ 
Glycosade 

Intake

Number of 
Hours of 
Fasting 

Tolerance

EQ-5D- 
(5L/Y) 
Usual 

Activities

PGIS – 
Had Low 

Blood 
Sugar

PGIS – 
Overall 
Health

PGIS – 
Severity of 
Symptoms

PGIS – 
Bothered 

by 
Impacts

Symptoms 

Total 

Score

Pass Pass – – – – Pass – Pass –

Daily 

Impacts 
Total 

Score

– – Fail Fail – NA – – – Pass

Sleep 

Impacts 

Total 
Score

– – Fail Pass Pass – – – – Pass

Note: NA result is inconclusive due to extreme ceiling effect on the co-validator. 
Abbreviations: GSD FAD, Glycogen Storage Disease Functional Assessment Diary; PGIS, Patient Global Impression of Severity; EQ-5D-(5L/Y), EuroQol-5 Dimension (5-level/youth version).
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Minimum Detectable Change
Findings indicate that domain scores are sensitive enough to detect small score changes (Symptoms Total Score, 1.63 to 
2.33 points; Sleep Impacts Total Score, 1.10 to 1.59 points; Daily Impacts Total Score, 2.06 to 2.94 points) 
(Supplementary Table 5).

Discussion
The GSD FAD is a novel content-valid, disease-specific PRO for individuals ages ≥8 years with GSDIa, developed 
following regulatory and scientific best practices for instrument development6,12,13 This research provides evidence of the 
GSD FAD content validity based on results from a targeted literature review, online survey, and interviews with patients; 
and preliminary evidence for psychometric performance based on clinical trial data.

Converging results from the targeted, concept-focused literature review, cross-sectional online survey, and CE patient 
interview studies identified hypoglycemia and associated symptoms of fatigue/tiredness, anxiety, hunger, shakiness, and 
sweating as the most frequently reported symptoms of GSDIa. Hypoglycemia was identified as most important to treat, 
followed by confusion/brain fog, low energy, and muscle development signs/symptoms. Results also indicate that GSDIa 
is highly burdensome, negatively impacting appearance, physical, emotional, sleep, and work/school function, among 
other domains. The most frequently reported HRQoL impacts of GSDIa were cornstarch regimen-related, including 
“living by the clock” to manage cornstarch and diet, a highly regimented and restrictive diet, interrupted sleep and 
difficulty waking due to nighttime awakenings for cornstarch treatment, and limited social activities driven by cornstarch 
dosing schedule and limitations for food-related activities. Individuals with GSDIa worry about experiencing hypogly
cemic events despite best efforts for condition control and live in constant fear about missing a dose that may lead to 
serious consequences, including seizure, coma, and even death. In this research, cornstarch regimen-related impacts were 
identified as most important to treat.

Results of this research highlight the pervasive impacts of GSDIa on daily life, the constant daily struggle to comply 
with a demanding treatment regimen, and the clinical significance of assessing cornstarch treatment burden. In following, 
this research informed the development of a conceptual model of GSDIa that was used to draft a new PRO measure, the 
GSD FAD.

Qualitative CD interviews confirmed the GSD FAD content relevance, demonstrated respondent understanding of the 
content, and informed minor revisions to improve item clarity and eliminate redundancy.

Results from the psychometric analysis of Phase 3 DTX401-CL301 trial baseline data supported the scaling of the 
Symptoms Total Score, Sleep Impacts Total Score, and Daily Impacts Total Score, and yielded evidence that the domain 
scores are reliable and valid for the intended target population.

This research had some limitations. Variations in the patient experience of GSDIa due to culture, language, and health 
systems may not be fully represented in the content validity research that recruited only US participants, with study 
samples that included primarily White, non-Hispanic participants.

While GSD FAD items were found to be content valid for the target population, item frequency distributions 
identified ceiling effects for many items at baseline and the measure did not fully capture the burden that was reflected 
in patient experience interviews at baseline.43 Ceiling effects can cause scale attenuation affecting correlations, validity 
estimates, score sensitivity and responsiveness, and complicate MDC. For instance, results from MDC analyses demon
strated that small changes in domain scores are interpretable; however, they are context-dependent and may be influenced 
by score distributions, including reduced variability due to observed ceiling effects. In this study, ceiling effects may be 
influenced by the clinical trial context, including selection of participants who were relatively stable and optimized for 
diet and blood glucose control prior to randomization, which can compress baseline score distributions and potentially 
underestimate responsiveness. Another possible explanation for GSD FAD ceiling effects observed in the GSDIa 
population studied is resilience and adaptation in the context of living with a potentially fatal disease for which there 
are limited treatment options. Resilience in chronic diseases has been well documented44 and described as a phenomenon 
in which people dynamically adapt to accept their limitations, enabling them to cope, reconstruct their “internal 
measurement ruler”, and enhance quality of life and treatment adherence. It is possible that the GSD FAD responses 
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reflect the patient experience of an adapted state, and fail to capture the nuanced, contextualized patient experience that is 
possible to capture in interviews that use open-ended and probing questions.

In addition, the psychometric dataset was relatively small, comprised of 46 participants, which may have limited 
factor structure and validity analyses. This research used a CTT framework only; factor analysis was not feasible given 
the sample size which was generally small for a multi-domain questionnaire. Limited sample size may affect the stability 
of the factor structure and generalizability of the findings. Small sample size may have also affected psychometric 
estimates (eg, reliability and validity coefficients) which may be less stable than would be expected in larger samples. 
Given that some analyses involved sample sizes in the ~20–40 range, the study may be underpowered to detect small 
associations or subgroup differences. Also, some of the unexpected results from the convergent and known-groups 
analyses (eg, weaker-than-expected relationships between sleep impacts and nighttime cornstarch intake, and limited 
known-groups separation for daily impacts) may be due to small sample size, possibly in combination with other study 
limitations such as restricted variability within an optimized trial cohort, regimen tailoring, and adherence behaviors that 
decouple intake metrics from perceived impact, or attenuation due to ceiling effects.

Another study limitation is that this evaluation relies solely on screening and baseline data, which limits the ability to 
assess responsiveness, an important psychometric property requiring longitudinal data. While ceiling effects may limit 
responsiveness for follow-up assessment in the Phase 3 trial, this may not be a limiting factor in other samples/studies. 
However, this expectation requires empirical confirmation and should not be assumed without evaluating item and score 
distributions and responsiveness in those settings.

Results from this psychometric evaluation are preliminary since analyses were performed using Phase 3 screening/ 
baseline data in a modest-sized and relatively selected trial cohort, which constrains conclusions related to domain 
structure and sensitivity to change at this stage of development. Findings may not fully generalize to broader GSDIa 
populations with greater variability in baseline burden, treatment practices, and disease control.

Also, administration of the GSD FAD as a daily eDiary may limit use in future research studies due to the potential 
response burden associated with daily completion of a multi-item measure. To address this potential limitation, an 
alternate version of the GSD FAD was developed that includes the same question content but applies a past 7-day recall 
period to each question. This alternate version of the GSD FAD may be administered on a less frequent administration 
schedule and can reduce response burden in trials or other research settings. Equivalence testing demonstrated compar
able results between the two forms.45

Despite possible limitations, results from this preliminary psychometric evaluation were positive. Future research 
should evaluate the use of the GSD FAD in larger studies involving more heterogeneous populations to confirm that item 
relevance, response patterns, and score interpretability are consistent across different healthcare systems and treatment 
regimens; further examine/confirm factor structure and dimensionality; confirm that the measure is able to detect burden 
and scores are sensitive to changes in the clinical condition over time; and replicate and extend psychometric and 
interpretation analyses using longitudinal data.

To our knowledge, the GSD FAD is the first disease-specific PRO for GSDIa. Prior research has primarily used 
generic measures to assess the patient experience of GSDIa.5,6 While generic measures are useful and capture the relative 
burden of GSDIa, the GSD FAD measures concepts that patients have indicated are most important and relevant to their 
experience of GSDIa. Disease-specific measures often yield scores with greater precision and potential to capture 
changes due to treatment over time than generic measures. Further, disease-specific PROs are used in various research 
settings to capture patient experience data. The GSD FAD can be evaluated for modification (ie, short forms, adaptive 
formats, age-specific versions); and as a PRO developed in alignment with regulatory guidances, has several potential 
applications for use, including future clinical trials involving nutritional, behavioral or educational interventions in 
GSDIa, natural history studies, disease monitoring programs, or clinical practice for individual patient outcomes 
monitoring.

Conclusion
The development of the GSD FAD represents a significant contribution to GSDIa, a rare genetic disorder for which no 
disease-specific assessment currently exists. This novel content-valid PRO measures concepts that are clinically 
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meaningful and important from the patient perspective and yields reliable and valid scores. The next step for this 
assessment is to explore score responsiveness and score interpretation using longitudinal data in a larger, more 
heterogeneous sample.
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