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A B S T R A C T

Patients with LCHADD develop progressive chorioretinopathy with vision loss over time. To date, no data on the 
impact of vision loss on patient vision-specific activities of daily living or quality of life have been reported. We 
used validated ophthalmic patient-reported outcome measures (PROMs) to compare the impact of patient- 
perceived visual function to visual acuity and an ophthalmologist-graded stage of LCHADD chorioretinopathy. 
There was a strong correlation between the patient-reported visual function scores, visual acuity and the oph
thalmologist's assigned stage. Adult patients reported lower driving and mental health scores compared to other 
visual subscales in the VFQ-25. Both children and their parents report a similar impact of their child's eye 
condition to their quality of life and worry about their vision. These validated PROMs captured functional vision 
in a group of 40 patients with LCHADD/TFPD that closely correlated with visual acuity and ophthalmologist- 
graded visual function.

1. Introduction

Mitochondrial trifunctional protein (TFP) deficiency (TFPD, OMIM 
#609015) and long-chain 3-hydroxy acyl-CoA dehydrogenase defi
ciency (LCHADD; OMIM# 609016) are the result of different inherited 
autosomal recessive genetic defects that affect the enzymatic activity of 
the mitochondrial trifunctional protein, a protein complex within the 
inner mitochondrial membrane involved in catalyzing steps of the beta- 
oxidation pathway [1]. TFP is a multi-subunit enzyme with 2 alpha 
(TFPα) and 2 beta (TFPβ) subunits forming a holoenzyme; LCHADD is 
due to a the presence of a specific variant in TFPα (p.E510Q) that de
creases LCHAD activity while TFPD is due to other mutations in either 
TFPα or TFPβ that result in a loss of all 3 enzymatic functions [2–6]. 
Unlike other inherited deficiencies of the beta-oxidation pathway, the 
development of chorioretinopathy is a complication common to 
LCHADD, but more rare in TFPD [1,7–9].

There has been an acknowledgment of the importance of using 
PROMs in ophthalmic research to measure how much patients are 
affected by changes in visual function which cannot be captured by 
clinical tests alone [10]. However, there is a current lack of data on the 
impact of progressive vision loss in patients with LCHADD or TFPD on 
their vision-related quality of life (QoL) and activities of daily living. The 
purpose of this analysis was to collect PRO scores on visual function and 
vision-related QoL from patients with LCHADD/TFPD and examine 
whether these agree with their visual acuity and ophthalmologist- 
graded scoring of visual function based on clinical testing.

2. Methods

2.1. Study design

Forty subjects with confirmed diagnosis of LCHADD or TFPD (53 % 
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male, 78 % white, non-Hispanic), participating in our Natural History of 
LCHADD Retinopathy study (University of Pittsburgh IRB# 
PRO19040142), were asked to complete either the Pediatric Eye Ques
tionnaire (PedEyeQ), ages 0–17 years, or the National Eye Institute Vi
sual Functioning Questionnaire – 25 (NEI VFQ-25), ages 18+ years, 
during their initial study visit. Questionnaires were administered elec
tronically using the REDCap survey tool with a requirement to answer 
each question in order to complete the questionnaire. For adults and 
older children, the questionnaires were self-administered or, if vision 
was so impaired that they could not read the text on the screen, with 
help from a member of the research team or study companion by reading 
the questions and response items to them. For younger children, 
depending on reading ability and comprehension, questionnaires were 
self-administered or completed with help from a member of the research 
team or the parent by reading the questions and response items to them.

2.2. Ethics approval and consent to participate

This study was approved by the University of Pittsburgh (IRB# 
PRO19040142) on August 22, 2019. The OHSU IRB deferred to the 
University of Pittsburgh for oversight, approved October 25, 2019. All 
study procedures were performed in compliance with institutional and 
national laws and guidelines for experiments involving humans and the 
ethical principles of the Declaration of Helsinki. Written informed con
sent and assent to participate in the study was obtained from all subjects 
and/or their legal guardians.

2.3. Questionnaires

2.3.1. PedEyeQ
The PedEyeQ is a validated, Rasch-calibrated survey used to assess 

the impact of eye conditions in children 0–17 years on the their eye- 
related quality of life (QoL) and visual function [11]. The PedEyeQ 
consists of a child questionnaire to be completed by children ages 5–17 
years, and a proxy and parent questionnaire to be completed by the 
parent or legal guardian. The child questionnaire has two formats 
depending on the age of the child (5–11 years or 12–17 years) and in
cludes four separately scored domains: functional vision, bothered by 
eyes/vision, social and frustration/worry. The proxy questionnaire has 
the parent/guardian answer questions about their child's QoL and visual 
function. There are 3 formats depending on the age of the child (0–4 
years, 5–11 years, or 12–17 years). All age formats include similar 
separately scored domains of functional vision, bothered by eyes/vision, 
and social, with additional scored domains for ages 5–11 and 12–17 
years in frustration/worry and eyecare. The parent questionnaire asks 
the parent/guardian questions about their own experience with their 
child's eye condition. The same format is administered to all ages 0–17 
years and is scored into 4 separate domains including: impact on parent 
and family, worry about child's eye condition, worry about self- 
perception and interactions, and worry about functional vision. Each 
question on the PedEyeQ utilizes a 3-point frequency scale for responses 
of “Never”, “Sometimes” or “All the time”. For the PedEyeQ, Rasch 
calibrated scores for each domain were obtained using the PedEyeQ 
look-up table (http://www.pedig.net/) and reported on a scale from 0 to 
100, with 0 being the worst measure of QoL and visual function and 100 
being the best.

2.3.2. NEI VFQ-25
The NEI VFQ-25 is a validated survey used to assess the impact of 

eye-related symptoms and disability of persons with chronic eye con
ditions on visual function, emotional well-being, social function and 
health [12]. Responses from the survey are assigned a numerical value 
which are then re-coded on a scale from 0 to 100 with 0 representing the 
worst functioning and 100 the best. Items within each of the 12 sub- 
scales (general health, general vision, ocular pain, near activities, dis
tance activities, social functioning, mental health, role difficulties, 

dependency, driving, color vision and peripheral vision) are then aver
aged to obtain a sub-scale score. A composite score is calculated by 
taking the average of the vision-related sub-scale scores, excluding the 
general health score.

Clinical eye testing was performed at the same initial study visit 
during which participants and their parents completed the vision- 
related PROs. LCHADD chorioretinopathy staging for each eye was 
evaluated as described by Wongchaisuwat et al [13]. and was used in 
our correlation analysis. Chorioretinopathy stage between each eye was 
equivalent across all subjects. Visual acuity testing was performed as 
described by Gillingham et al. [8] and expressed as the logarithmic 
minimal angle of resolution (LogMAR). The eye with lower LogMAR (i.e. 
better visual acuity) was used in our correlation analysis.

2.4. Statistical analysis

Statistical analysis was performed with Prism Software (Version 
10.2.2, GraphPad, La Jolla, CA). Correlation between ophthalmologist- 
graded chorioretinopathy stage or visual acuity (LogMAR) and VFQ- 
25 composite score was analyzed using Pearson correlation coeffi
cient. Correlation between ophthalmologist-graded chorioretinopathy 
stage or visual acuity (LogMAR) and PedEyeQ score in the functional 
vision domain (ages 5–17 years) was analyzed using Spearman rank 
correlation for non-normal data. Differences in the domains of func
tional vision, bothered vision, social and frustration/worry between 
child and proxy questionnaires was analyzed by a non-parametric test 
for non-normal data, using the Wilcoxon matched-pairs signed rank test. 
Results are reported as mean ± standard deviation. For all analyses, a p 
< .05 was considered statistically significant.

3. Results/discussion

Fourteen subjects ages 18–36 years were given the VFQ-25 and 26 
subjects, ages 2–17 years, and their parent/guardian were given the 
PedEyeQ. The completion rate of each questionnaire is shown in Table 1.

Vision-related PRO scores for each subject were correlated with vi
sual acuity (LogMAR) and LCHADD chorioretinopathy stage using the 
VFQ-25 composite score for subjects 18+ years and the PedEyeQ Child 
functional vision score for subjects aged 5–17 years. Individual PRO 
scores, LogMAR and chorioretinopathy staging are listed in Table 2.

Higher LogMAR, or worse visual acuity, and more advanced cho
rioretinopathy stage strongly correlated with lower vision-related PRO 
scores (Fig. 1A and B), suggesting strong agreement between the pa
tients' perceptions of declining visual function with the advancement of 
their eye disease and the measured functional vision as scored by the 
ophthalmologist.

LCHADD chorioretinopathy is a progressive disease that affects pa
tients in early adulthood and is without current treatment. Similar to 
results of qualitative interviews and vision-related PRO scores of pa
tients with other inherited retinal diseases, such as retinitis pigmentosa 
[14] or Stargardt disease [15,16], LCHADD/TFPD patients indicate 
suffering not only functional declines in their vision but also psycho
logical difficulties as a result of their vision loss. The lowest mean score 
related to vision outcomes from adults was in vision-related driving 
difficulties (47.51 ± 36.44, Fig. 1C). In other interviews of adults 
suffering from vision loss, the inability to drive has been connected to 
feelings of isolation, less independence, and an inability to participate in 
work or social activities [17,18], which has negative impacts on vision- 
specific health-related QoL [19]. For adults, this is closely followed by 
low scores in mental health (51.34 ± 39.69, Fig. 1C) and from children 
in frustration/worry (78.48 ± 20.36, Fig. 1D).

Parents of children with LCHADD/TFPD share a similar awareness of 
their child's vision-related QoL and visual function to that of their child, 
with no significant differences measured between child and proxy scores 
in functional vision, bothered by eyes and vision, social or frustration/ 
worry (Fig. 1D & E). These parents also experience their own difficulties 
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with their child's condition reporting the lowest scores in worry about 
their child's eye condition (59.99 ± 25.56) and worry about their child's 
visual function (76.68 ± 24.91) (Fig. 1F).

4. Conclusions

Ophthalmic PRO data has not previously been captured in patients 
with LCHADD chorioretinopathy. As such, the extent to which gradual 
changes in their progressive vision loss impacts their vision-related QoL 
and functional vision hasn't been reported. Although selection bias in 
our cohort of patients may have been present in that participants needed 
to be willing and have the time to travel to the study site for multiple 
days of testing, the strength of this study includes having a large cohort 
of LCHADD/TFPD patients across a broad age range. In this study, 
patient-reported visual function from the VFQ-25 in adults and PedEyeQ 
in children shows strong agreement with their visual acuity and 

ophthalmologist-graded chorioretinopathy stage. This indicates that the 
effect of vision loss experienced in each chorioretinopathy stage results 
in a noticeable loss of functional vision in these patients and that any 
preservation of vision that may be achieved in future treatment trials 
could have a measurable positive effect on the lives of these patients.
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Table 1 
Questionnaire completion rate.

VFQ-25 (n = 14), No. (%) PedEyeQ Ages 0–4 y (n = 4), No. (%) PedEyeQ Ages 5–11 y (n = 10), No. (%) PedEyeQ Ages 12–17 y (n = 12), No. (%)

Proxy Parent Child Proxy Parent Child Proxy Parent

14 (100) 3 (75) 4 (100) 10 (100) 9 (90) 10 (100) 12 (100) 12 (100) 12 (100)

y = years.

Table 2 
Individual PROM scores, visual acuity and chorioretinopathy stage by subject age.

Age 
(y)

Sex Genotype VFQ-25 Composite 
Score

PedEyeQ Child - Functional Vision 
Score

Visual Acuity 
(LogMAR)

Chorioretinopathy 
Stage

Allele 1 Allele 2

2 M c.1528G > C c.1654G > C NA NA NA 1
3 M c.1528G > C c.274_278del NA NA NA 3A
3 M c.1528G > C c.919-2A > G NA NA NA 2A
4 F c.1528G > C c.274_278delTCATC NA NA NA 2A
7 F c.1528G > C c.1916-1919dup NA 94.99 0.00 2A
7 M c.1025 T > C c.1493A > G NA 100.00 − 0.10 2A
7 M c.1528G > C c.180 + 3A > G NA 100.00 − 0.10 1
7 M c.1528G > C c.2225_2228dup NA 100.00 0.20 3A
9 M c.1528G > C c.1036C > T NA 64.98 0.40 3A
9 M c.1528G > C c.180 + 3A > G NA 94.99 − 0.10 1
10 F c.1528G > C c.1654G > C NA 64.98 0.00 1
11 M c.1528G > C c.180 + 3A > G NA 94.99 − 0.22 1
11 F c.1528G > C c.1085 + 5G > C NA 94.99 0.00 2A
11 F c.1528G > C c.180 + 3A > G NA 100.00 − 0.22 1
12 F c.1528G > C EX11del NA 79.98 0.00 2B
12 M c.1528G > C c.1528G > C NA 49.98 0.10 2B
13 F c.1528G > C c.315-1G > A NA 100.00 − 0.10 2A
13 M c.1528G > C c.274_278del NA 95.00 − 0.10 2A
15 F c.1528G > C c.703C > T NA 100.00 − 0.10 1
15 M c.1528G > C c.1152dup NA 84.99 0.00 2A
16 F c.1528G > C c.467G > A NA 9.99 0.50 4
16 M c.1528G > C c.2000 + 1G > T NA 95.00 − 0.22 2A
17 M c.1528G > C c.703C > T NA 100.00 − 0.10 1
17 M c.1528G > C c.1528G > C NA 100.00 0.00 2B
17 M c.1528G > C 1 bp deletion A2059 NA 34.99 1.00 3B
17 F c.1528G > C c.1620 + 2_1620 + 6del NA 15.03 0.80 4
18 F c.1528G > C c.1678C > T 74.89 NA 0.20 3A
18 M c.1528G > C c.1528G > C 93.83 NA 0.10 2B
18 F c.1528G > C c.1528G > C 84.55 NA 0.20 3B
18 M c.1528G > C c.1528G > C 98.67 NA − 0.10 3A
21 M c.1528G > C c.1528G > C 45.04 NA 0.70 4
24 F c.1528G > C c.1528G > C 56.50 NA 0.00 3B
24 F c.1528G > C c.1528G > C 30.25 NA 0.20 4
26 F c.901G > A* c.1390-23A > G* 89.77 NA − 0.10 1
27 M c.1528G > C c.1528G > C 45.67 NA 0.30 4
28 F c.1528G > C c.1132C > T 58.98 NA 0.10 3B
29 F c.1528G > C c.479_482delinsAATA 63.98 NA 0.20 4
30 M c.1528G > C EX2_4del 33.45 NA 1.60 4
31 F c.901G > A* c.1390-23A > G* 93.37 NA − 0.10 1
36 F c.1528G > C c.1528G > C 68.14 NA 0.30 4

M = Male; F = Female; y = years; NA = Not applicable. All genetic variants were identified in theTFPα gene HADHA transcript NM_000182.5 except those marked with 
an asterisk (*) that were identified in theTFPβ gene HADHB transcript NM_000183.2.
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Fig. 1. Correlation analysis and PROM scores in adults and children with LCHAD/TFP deficiency. A) Pearson correlation of VFQ-25 composite score (N = 14) and 
Spearman correlation of PedEyeQ Child Functional Vision score (ages 5–17 years, N = 22) with visual acuity (LogMAR) B) Pearson correlation of VFQ-25 composite 
score (N = 14) and Spearman correlation of PedEyeQ Child Functional Vision score (ages 5–17 years, N = 22) with ophthalmologist-graded chorioretinopathy stage 
C) VFQ-25 subscale scores D) PedEyeQ Child questionnaire scores for ages 5–17 years E) PedEyeQ Proxy questionnaire scores for ages 0–17 years F) PedEyeQ Parent 
questionnaire scores for ages 0–17 years. Boxes represent 1st quartile, median, and 3rd quartile range; whiskers represent the minimum and maximum range; +
denotes mean score.
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