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Quality of life, illness perceptions, and parental lived
experiences in TANGO2-related metabolic encephalopathy
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TANGO2 disorder is a rare genetic disease with multi-system effects that causes episodic crises. Quality of life and psychosocial
effects of this rare disease have not previously been studied. To examine health-related quality of life (HRQoL), illness perceptions,
and lived experience, we surveyed 16 children and 31 parents of children with TANGO2 disorder identified via a disease-specific
social media group and research foundation email distribution list. We assessed HRQoL by parent proxy-report and child self-report
using the Pediatric Quality of Life Inventory (PedsQL™). Parental perceptions of their child’s condition were assessed using the
revised illness perceptions questionnaire adapted for TANGO2 disorder (IPQ-R-TANGO2). To collect qualitative data on parents’ lived
experience, we used novel open-ended survey questions. Parent proxy-reported (n= 29) physical (78.4 (21)) and psychosocial
health (73.4 (12.8)) were highest among toddlers with TANGO2 disorder. Parent proxy-reported physical health was lowest in young
adults (34.4 (35.4)), and psychosocial health was lowest in teens (40.8 (10.8)). When compared to previously published PedsQL™
scores in healthy children, parent-proxy reported summary and scale scores for TANGO2 patients were significantly lower (all p <
0.001). Parents’ IPQ-R-TANGO2 responses (n= 26) suggested that parents perceived significant negative consequences of the
disease. Parents’ open-ended survey responses (n= 21) highlighted that they derived support from the TANGO2 community. This
study characterizes HRQoL in patients with TANGO2 disorder across a range of ages, identifies potential targets for HRQoL
improvement, and provides valuable insight into the psychosocial effects of TANGO2 disorder on patients and their families.
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INTRODUCTION
TANGO2-related metabolic encephalopathy and arrhythmias, also
known as TANGO2 disorder, is a rare, autosomal recessive genetic
condition with broad-ranging effects on multiple organ systems. It
is characterized by recurrent metabolic crises, developmental
delay and/or regression, speech problems, seizures, ataxia, muscle
weakness, rhabdomyolysis, and life-threatening arrhythmias. The
causative gene was identified recently, in 2016, and little is
currently known about the natural history of this disorder [1]. Due
to the rarity, recent discovery, and ongoing characterization of this
disorder, there have been no investigations into patients’ quality
of life and the psychosocial effects on families.
Health-related quality of life (HRQoL) is a multi-dimensional

construct that reflects individuals’ perceptions of their health’s
effects on physical, psychological, and social functioning. Varia-
tions in HRQoL among people with rare diseases may reflect
several factors such as disease severity, age of onset, access to
adequate healthcare and other resources, and length of diagnostic
odyssey, thus it is difficult to generalize about HRQoL among
patients with rare diseases [2]. While patients with 22q11
microdeletion syndrome, achondroplasia, and Gaucher disease
report lower HRQoL than healthy peers [2, 3], other studies have

shown higher HRQoL in patients with congenital adrenal
hyperplasia than healthy individuals and mixed findings for
school-related functioning in children with intoxication-type
inborn errors of metabolism [2, 4]. A recent single-center study
of HRQoL among children with various inborn errors of
metabolism revealed that those with higher disease burden had
lower HRQoL compared to those with less severe disease [5].
Moreover, in multiple studies of rare disease, discrepancies have
been noted between child self-report and parent proxy-report of
HRQoL, with parents often rating their affected child’s HRQoL
lower than children rate their own [2]. Despite these challenges,
data on patient experiences of rare diseases collected through
patient-reported outcome measures are vital to guide the
development of clinical interventions and assess the effectiveness
of interventions at improving patient-centered outcomes.
Illness perceptions are the beliefs or perceptions that people

have about their illness. The five components are identity
(symptoms of illness and illness-related experiences), causality
(causes of illness), consequences (implications of illness on
quality of life), timeline (illness duration or evolution), and control
(ability of personal choices or available treatments to treat or
prevent the illness) [6]. Illness perceptions have been associated
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with several clinical outcomes including treatment adherence,
functional recovery, frequency of healthcare use, and levels of
patient satisfaction [7].
Among people with genetic diseases, illness perceptions have

been associated with variations in quality of life, psychological
distress, and adherence to treatment and surveillance. In people
with porphyria cutanea tarda, highly negative illness perceptions
were more closely associated with psychological distress than
higher symptom burden [8]. Children with β-thalassemia inter-
media who had positive illness perceptions reported higher
quality of life (QoL) [9]. In children with Maroteaux-Lamy
syndrome, perceptions of disease burden, treatment burden,
and treatment control affected adherence to recommended
therapies [10]. Among adults with cystic fibrosis, negative illness
perceptions, and not clinical characteristics or symptom burden,
were associated with lower psychosocial QoL. Furthermore, higher
illness coherence (understanding of the disease) and perceived
personal control over illness were associated with higher
psychosocial QoL [11].
Illness perceptions have also been studied among family

members of people with health conditions. In spouses of
individuals with Huntington’s disease, illness perceptions were
found to significantly influence both physical and mental well-
being [12]. Among people with head and neck cancer, greater
discrepancy between patient and caregiver illness perceptions
predicted lower HRQoL in patients [13]. In this same population,
caregivers’ illness perceptions were more negative than those of
patients, underscoring the importance of direct patient input [14],
and caregivers’ negative perceptions of treatment efficacy were
predictive of post-traumatic stress disorder [15]. Among caregivers
of youth with anorexia nervosa, negative illness perceptions were
associated with caregiver burden, independent of clinical char-
acteristics [16].
Here we describe self- and parent proxy-reported HRQoL of

TANGO2 patients, parents’ perceptions of their child’s illness, and
parental lived experiences. We highlight parental reports of
positive and challenging aspects of parenting a child with
TANGO2 disorder, hopes for their children’s clinical outcomes,
and research priorities. By understanding illness perceptions in
parents of children with TANGO2 disorder, we hope to identify
areas for intervention to improve quality of life for children with
this rare disease. Our approach represents an emerging model of
patient-centered research in the rare disease realm.

METHODS
This study was approved by the Institutional Review Board for Human
Subjects Research at Baylor College of Medicine.

Recruitment
All patients at least 5 years of age with TANGO2 disorder and all parents of
individuals (any age) with TANGO2 disorder were eligible for participation
in this study. Parents of deceased individuals with TANGO2 disorder were
also eligible for parts of the study. There were no exclusions based on
length of time since patient’s death. We recruited participants through
advertisement on the TANGO2 support group on Facebook, emails

distributed on the TANGO2 Research Foundation email distribution list,
and from attendees of an in-person TANGO2 family conference held in
Houston, TX, in June 2019. The conference was supported by the Patient-
Centered Outcomes Research Institute (PCORI), and families from the
United States, Canada, France, Germany, the Netherlands, and Saudi Arabia
attended the conference.

Data collection
Electronic survey data were collected prior to the conference using
REDCap (Research Electronic Data Capture), a secure, web-based applica-
tion designed to support data capture for research studies, hosted at
Baylor College of Medicine [17]. Paper survey responses were collected
during the conference and transferred to REDCap. Data collection closed
after the conference.
Only one parent (determined by participants) of each affected child

completed surveys. For families with multiple affected children, one
response per affected child was collected for the HRQoL and illness
perceptions surveys, and one response per family was collected for the
custom open-ended survey. For the open-ended survey, parents were
asked to reflect on the overall experience of parenting a child or children
with TANGO2 disorder, and thus there was no index child. During the
family conference, we shared preliminary survey data with participants and
allowed for exchange of ideas and experiences among participants and
researchers. Notes taken during the workshop facilitated interpretation of
study findings.

Instruments
Outcomes measured, survey instruments, and respondent categories are
listed in Table 1. To measure HRQoL, we used the Pediatric Quality of Life
Inventory (PedsQL™) Generic Core Scales. The PedsQL™ is a modular
instrument that can be used to assess HRQoL in children, adolescents, and
young adults 2 to 25 years of age [18]. Versions of the PedsQL™ are
available for child self-report (ages 5 and up) and parent proxy-report (ages
2 and up). Parents of all living TANGO2 patients two years of age and older
completed the parent proxy-report appropriate for the patient’s age
(toddler: 2–4; young child: 5–7; child: 8–12; teen: 13–18; young adult:
19–25). For all TANGO2 patients five years of age and older, parents
administered the Young Child self-report to the child. A recent literature
review found intellectual disability in 78% of individuals with TANGO2
disorder and developmental delay in 86% [19]. These findings were
previously noted in her clinical experience by one member of the study
team (SRL). Therefore, in order to be appropriate for the cognitive
functioning in this patient population, the Young Child survey was
administered to all ages.
The Generic Core Scales assess HRQoL in four dimensions: Physical

Functioning, Emotional Functioning, Social Functioning, and School
Functioning. Scores range from 0 to 100 on all dimension scales, Summary
Scales, and the Total Scale, with higher scores indicating higher quality of
life. The score on the Physical Functioning dimension is also the Physical
Health Summary Score. Scores on the Emotional, Social, and School
Functioning dimensions are averaged to create the Psychosocial Health
Summary Score. The Total Scale Score is the average score across all
answered items.
The Revised Illness Perception Questionnaire (IPQ-R) has been widely

used to study illness perceptions among people with genetic diseases and
their caregivers [6]. The creators of the IPQ-R encourage researchers to
adapt the Cause and Identity subscales to particular illnesses. The IPQ-R
has been adapted to autism spectrum disorder, hemophilia, HIV, and
hypertension, and has been administered to parent or caregiver proxies
[20, 21].

Table 1. Instruments utilized in this study, outcomes measured by each instrument, and respondents for each instrument.

Instrument Measured Outcomes Respondents

PedsQL™ Health-related quality of life All parents - one per living affected child age 2 and up

Affected children age 5 and up

IPQ-R-TANGO2 Illness perceptions All parents - one per living or deceased affected child

Custom open-ended survey Lived experiences All parents - one per family

Research goals

Healthcare goals
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Except for Identity, each subscale is composed of several items with five-
point Likert-Scale answers. The Identity subscale assesses symptom
presence and perceived attribution to the illness. Except for Cause and
Identity, each subscale is scored by converting Likert responses to numeric
scores and summing numeric scores for the items. The Identity subscale is
scored by converting “yes” responses to 1, and “no” responses to 0, and
summing the scores for all the items. Each item on the Cause subscale
represents a specific causal belief, and thus each is considered individually
and there is no associated numeric score [6, 20].
Maximum scores vary across subscales. For those with Likert scale items,

maximum scores range from 20-30 (derived by multiplying the number of
items in the subscale by five). For the Identity subscale, maximum score is
14. Minimum scores range from 0 to 6. Higher scores indicate stronger
belief. For example, higher score on Timeline-Acute/Chronic indicates
stronger belief that the symptoms are chronic, higher score on Illness
Coherence indicates stronger belief in personal understanding of the
illness, and so on, indicated in Supplementary Table 1. There are no
established cutoff scores for the IPQ-R subscales, thus based on the
maximum scores, we selected >20 to indicate strong belief, 16–20 to
indicate moderate belief, and <16 to indicate weak belief for all subscales
except for Timeline Cyclical, with a maximum score of 20, where >15 was
selected to indicate strong belief. The study team adapted the Identity
subscale to TANGO2 disorder utilizing 14 common symptoms. The Cause
subscale was adapted from a version of the IPQ-R adapted to autism
spectrum disorder [21]. The IPQ-R-TANGO2 is available as Appendix 1.
Parents of all living and deceased TANGO2 patients answered the IPQ-R-
TANGO2 survey, one per affected child. This study did not employ a self-
report of the IPQ-R-TANGO2.
In order to understand the lived experience of parenting a child with

TANGO2 disorder and identify research and healthcare goals of these
parents, the study team created a novel, custom open-ended survey
(Appendix 2). This survey included seven open-ended items inquiring
about positive and negative aspects of parenting an affected child; worries
and hopes of the parent; desired clinical outcomes for their child; and
research questions of interest to parents. An open-ended format was
chosen in order to assess the lived experience of this community in an
unbiased, exploratory fashion. Parents of all living and deceased TANGO2
patients answered this custom survey, one per family, with no index child.

Data analysis
PedsQL™ responses were scored according to guidelines provided by the
measure developer [22], and descriptive statistics were calculated for each
dimension scale score as well as the Physical Health Summary Score,
Psychosocial Health Summary Score, and Total Scale Score. For analysis of
child self-report data, we pooled responses from children of all ages since
all responses were collected on the Young Child version. For analysis of
parent proxy-report data, we calculated descriptive statistics on pooled
responses across all age groups. We also described parent proxy-report
responses for each PedsQL™ version administered according to the child’s
age group, but small sample sizes prevented statistical comparison of
scores between age groups. To evaluate inter-rater reliability between self-
and proxy-report scores, we calculated intraclass correlation coefficients
(ICCs) using a two-way mixed-effects model, reporting absolute agreement
on individual scores. ICCs close to 1 indicate high agreement between
scores for the same child with values of 0.61 to 0.80 indicating good
agreement and 0.81 to 1.00 indicating excellent agreement [23]. To
evaluate mean differences between self- and proxy-report scores, we
calculated paired t tests. Additionally, parent proxy-report responses were
compared to those previously reported in healthy children [18] using one-
sample t tests. Data analyses were performed using Stata IC 15 (College
Station, Texas).
IPQ-R-TANGO2 surveys were scored according to guidelines provided by

the measure developer [20]. Descriptive statistics were generated using
SAS software, Version 9.4© 2013 SAS Institute Inc. Parents’ responses for
children of all age groups were analyzed together. Responses representing
deceased and living children were analyzed separately as well as together.
We used a thematic analysis approach to analyze open-ended responses
on the custom survey. One coder (CNM) applied inductive codes facilitated
by NVivo 12 Plus. We recorded the prevalence of identified themes.

RESULTS
We received survey responses from 27 families, five of which had
two or more affected children. PedsQL™ responses were received

from 29 parents and from 16 affected individuals. IPQ-R-TANGO2
responses were received from 26 parents, 24 parents of living
children and two parents of deceased children. Responses from 21
parents were received on the custom open-ended survey,
representing parenting experience with 24 living children and 3
deceased children. Respondent characteristics are presented in
Table 2. Child ages ranged from toddler to young adult, with most
children in the 2–4 year age category (13 out of 29 PedsQL™
responses, 12 out of 26 IPQ-R-TANGO2 responses).

Health-related quality of life
PedsQL™ mean scores and standard deviations (SD) for children
with both self-report and parent proxy-report (n= 16) are shown
in Table 3 and for all children by age group (n= 29) in
Supplementary Table 2. Physical and Psychosocial Health Sum-
mary Scores are shown in Fig. 1. Parent proxy responses
represented 13 toddlers (age 2–4), four young children (age
5–7), four children (age 8–12), six teens (age 13–18), and two
young adults (age 19–25). Mean (SD) parent proxy-reported
Physical Health Summary Scores were highest in the Toddler age
group (78.4 (21.0)) and lowest in the Young Adult age group (34.4
(35.4)). Psychosocial Summary Scores were highest in the Toddler
age group (73.4 (12.8)) and lowest in the Teen age group (40.8
(10.8)). Emotional, Social, and School Functioning scale scores are
shown in Fig. 2. Mean (SD) parent proxy-reported Emotional
Functioning was highest in Young Children (71.9 (7.1)) and lowest
in Teens (56.7 (10.8)). Social Functioning was highest in the Young
Adult age group (80.0 (7.1)) and lowest in Teens (35.8 (18.8)).
School Functioning was highest in Toddlers (62.5 (14.8)) and
lowest in Young Children (30 (18.7)) and Teens (30 (19.5)). Due to
the wide range in scores, these variations by age range should be
interpreted with caution.
Among the child self-reported Scale scores, Emotional Func-

tioning (71.9 (21.1)) was highest and School Functioning (40.6
(28.9)) was lowest. Child self-report scores were higher than parent
proxy-report scores for Total, Summary, and Scale scores, yet no
differences reached conventional levels of statistical significance
(Table 3). Agreement between self-report and proxy-report scores
ranged from 0.60 (Emotional Functioning Scale Score) to 0.75
(Psychosocial Health Summary Score), indicating good agreement.
When compared to previously published scores in healthy

Table 2. Respondent characteristics for each survey, including
number of parent and child respondents, number of respondents
representing living or deceased affected individuals, and age
categories of living individuals represented.

PedsQL™ IPQ-R-
TANGO2

Open-ended
survey

Total respondents 45 26 21

Parent 29 26 21

Child 16 - -

Living
individuals
represented

29 24 24

Deceased
individuals
represented

N/A 2 3

Age of living individuals represented

Under 2 N/A 2

2–4 13 12

5–7 4 3

8–12 4 1

13–18 6 4

19–25 2 2
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children, parent-proxy report Total, Summary, and Scale scores for
TANGO2 patients were significantly lower (all p < 0.001), as shown
in Supplementary Table 3.

Illness perceptions
Scores on IPQ-R-TANGO2 subscales are shown in Table 4. In
general, scores were high (>20) on Timeline Acute/Chronic,
Timeline Cyclical, Consequences, and Emotional Representations,
representing strong belief in the chronicity, cyclical nature,
negative consequences, and negative emotional effects of
TANGO2 disorder. Scores were lower (<16) on Treatment Control
and Illness Coherence, representing low confidence in treatment
efficacy and low personal understanding of the illness. Scores on
the Personal Control subscale were moderate for parents of living
children (19.3 (5.0)), indicating moderate confidence in personal
ability to alter disease course.
On the Cause subscale, the most commonly endorsed cause for

TANGO2 disorder was Genetics. Four parents mentioned crises
following vaccinations. Several respondents listed dehydration,
fasting, and virus, which may represent perceived causes of
metabolic crises, not causes of TANGO2 disorder itself.

Experience of parenting a child with TANGO2
We received 21 responses to the custom survey, representing 20
families and 27 children total. The most commonly cited positive
aspect of parenting a child with TANGO2 disorder was improve-
ment in parents themselves (n= 8), such as knowledge gained,
increased patience, and advocating for the child. Other positive
experiences included participation in the TANGO2 community
(n= 4), the happiness and joy of the affected child (n= 4), and
resilience and strength of the affected child (n= 4). The most
commonly cited challenge was fear of the affected child’s death
(n= 21). Other concerns were fear or anxiety surrounding
metabolic crises (n= 13), financial and insurance difficulties (n=
11), and burden of healthcare utilization (n= 8).
The most common desired clinical outcome was preventing loss

of function and developmental regression (n= 17). Parents also
desired as much adult independence as possible (n= 15), as well
as effective treatments (n= 14), prevention of metabolic crises
(n= 13), and a cure for the disease (n= 13). Parents expressed a
strong interest in research aimed at identifying diets or supple-
ments that may prevent crises (n= 8). Another common goal was
creation of a set treatment protocol (n= 8). Gene therapy was also
desired (n= 5).

DISCUSSION
Due to the recent discovery and rarity of TANGO2 disorder, the
psychosocial effects of this disease remain largely unstudied [1].
We sought to understand these effects by researching HRQoL in
affected individuals; examining illness perceptions in parents of

affected individuals; and asking parents to expound on the lived
experience of caregiving for an individual with TANGO2 disorder.
Our findings reveal that individuals with TANGO2 disorder
experience decreased HRQoL compared to healthy individuals,
and that their parents perceive strong negative consequences of
the disease. Nevertheless, parents of individuals with TANGO2
disorder describe some positive effects, including parental self-
improvement; and hopes for the future, including research
questions of interest. Taken together, these data present a rich
view into the lives of people affected by this recently character-
ized rare disease.
Our results suggest that HRQoL is lower for children with

TANGO2 disorder than healthy children. Moreover, in our
population with TANGO2 disorder, PedsQL™ scores are similar to
parent proxy-reported HRQoL in children with methylmalonic
acidemia (MMA), which are also decreased compared to healthy
children [24]. MMA is characterized by recurrent episodic
metabolic crises as well as developmental delay and regression,
thus sharing clinical similarities with TANGO2 disorder. The similar
clinical profiles in both conditions appear to have similar effects
on HRQoL, as measured by the PedsQL™ scales.
Though our participant numbers were too small to make

statistical comparisons, we noted higher HRQoL in the toddler (2–4
years) age group compared to older age groups. Given that infants
or toddlers with TANGO2 disorder may present with developmental
delay, seizures, coma, ataxia, and metabolic crisis, this finding may
signify that HRQoL is mediated by factors beyond symptom
burden [1, 25]. We observed lowest HRQoL in teens (13–18 years)
in our study sample, across Social, Emotional, and School
Functioning dimensions, yet a medical rationale to explain this
finding is not yet known. Few studies examine the influence of age
on HRQoL among people living with genetic disease, and thus the
effects of age, if any, are unclear [26–28]. It is notable that young
adults with TANGO2 disorder score higher than teens across all
psychosocial health-related scales, which may reflect adaptation to
the diagnosis. Indeed, Grootenhuis et al. have proposed that
adaptation to the diagnosis and adjustment of expectations may
improve perceived HRQoL among people with genetic conditions
[29]. This theory should undergo further empirical study, specifi-
cally with regards to the influence of age, among the TANGO2
population and those affected by other genetic diagnoses.
The parents in our study sample endorsed negative illness

perceptions in terms of practical consequences, emotions, and
disease chronicity. Since this study did not correlate illness
perceptions with clinical characteristics, it is unclear whether these
negative perceptions reflected disease severity or other factors.
Caregiver illness perceptions have been found to predict
perceived caregiver burden, caregiver psychological adjustment,
and patient HRQoL, and our findings suggest that parents of
children with TANGO2 disorder may be at risk for adverse
mental health outcomes [13, 15, 16]. Parents’ responses to the

Table 3. PedsQL™ child-report and parent proxy-report, all children ≥5 years.

All children ≥5 years, n= 16 Parent proxy-report,
mean (SD)

Child self-report,
mean (SD)

Paired t test
p value

Child–Parent Agreement, ICC
(95% CI)

Total scale score 48.03 (13.46) 52.85 (16.82) 0.11 0.70 (0.34, 0.88)

Physical health summary score 43.75 (18.99) 51.19 (22.84) 0.08 0.68 (0.31, 0.88)

Psychosocial health
summary score

49.49 (15.16) 53.75 (18.93) 0.17 0.75 (0.44, 0.91)

Emotional functioning
scale score

63.96 (12.33) 71.88 (21.05) 0.05 0.60 (0.17, 0.84)

Social functioning scale score 44.06 (24.37) 48.75 (30.30) 0.38 0.72 (0.38, 0.89)

School functioning scale score 38.75 (21.10) 40.62 (28.86) 0.71 0.70 (0.32, 0.88)

SD standard deviation, ICC intraclass correlation coefficient, CI confidence interval.
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IPQ-R-TANGO2 further demonstrated poor understanding of the
illness and weak or moderate belief in treatment efficacy and
personal ability to control the disease course. These findings
reflect the limited current medical knowledge of this rare disease,
suggest that this population may be at risk for depression and
anxiety, [30–32] and that caregivers’ negative illness perceptions
may affect their children’s HRQoL [14]. Our results imply that while

research for treatments is ongoing, it may be possible to
ameliorate the negative psychological effects of rare disease
through interventions focused on improving families’ under-
standing of the disorder. Responses on the Cause subscale of IPQ-
R-TANGO2 revealed a strong understanding of the genetic
underpinnings, and in future work, this subscale could be utilized
to investigate perceived causes of metabolic crises.

A B

n=13 n=13

n=4
n=4

n=4
n=4

n=6
n=6

n=2

n=2

n=16
n=16

Fig. 1 Parent proxy-reported PedsQLTM Summary scores. A Box plots of parent proxy-report Physical Health summary scores for toddlers
(age 2–4), young children (age 5–7), children (age 8–12), teens (age 13–18), and young adults (age 19–25). Boxes represent 25–7% interquartile
range, whiskers indicate maximum and minimum scores, median indicated by horizontal line, and individual instances represented by open
circles. B Box plots of parent proxy-report Psychosocial Health summary scores for toddlers (age 2–4), young children (age 5–7), children (age
8–12), teens (age 13–18), and young adults (age 19–25). Boxes represent 25–7% interquartile range, whiskers indicate maximum and minimum
scores, median indicated by horizontal line, and individual instances represented by open circles.

A B

C

n=12
n=4

n=4
n=6

n=2

n=16
n=13

n=4 n=4
n=6

n=2

n=16

n=8

n=4

n=4
n=6

n=2

n=16

Fig. 2 Parent proxy-reported PedsQLTM Scale scores. A Box plots of parent proxy-report Emotional Functioning scores for toddlers (age
2–4), young children (age 5–7), children (age 8–12), teens (age 13–18), and young adults (age 19–25). Boxes represent 25–7% interquartile
range, whiskers indicate maximum and minimum scores, median indicated by horizontal line, and individual instances represented by open
circles. B Box plots of parent proxy-report Social Functioning scores for toddlers (age 2–4), young children (age 5–7), children (age 8–12), teens
(age 13–18), and young adults (age 19–25). Boxes represent 25–7% interquartile range, whiskers indicate maximum and minimum scores,
median indicated by horizontal line, and individual instances represented by open circles. C Box plots of parent proxy-report School
Functioning scores for toddlers (age 2–4), young children (age 5–7), children (age 8–12), teens (age 13–18), and young adults (age 19–25).
Boxes represent 25–7% interquartile range, whiskers indicate maximum and minimum scores, median indicated by horizontal line, and
individual instances represented by open circles.
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The open-ended responses on the custom survey provided rich
information. When asked about the best aspects of parenting a
child with TANGO2 disorder, parents most often cited improve-
ment within themselves, including improved patience, knowledge
gained, advocacy skills, and self-efficacy. Identifying these
improvements represents the coping strategy positive reappraisal,
in which individuals affected by rare disease view negative
experiences in a positive light and find strength in difficulties
[33, 34]. Respondents expressed that the TANGO2 community was
a source of strength and represented a positive effect of the
diagnosis. In contrast, parents of children with some other rare
diseases may struggle with a lack of community and social
support [35, 36].
Our study team’s discussion with parents during the conference

adds important context to survey results. Workshop participants
pinpointed aspects of the TANGO2 disorder lived experience that
they deemed important for further study. Particulars about
educational setting, such as accommodations for learning, main-
stream versus special education classes, and specific learning
disabilities, were of keen interest. Families were eager to leverage
the TANGO2 community to identify triggers for metabolic crises
and “intermittent random things,” a phrase describing episodic
events involving drooling, abnormal posturing, gait abnormality,
extreme fatigue, unprovoked emotion, and other behaviors.
Related to the HRQoL findings, multiple family members

described triggers for physical symptoms in their children,
including altitude changes, travel, and weather changes. From a
psychosocial perspective, families expressed that the uncertainty
of TANGO2 disorder was one of its most challenging aspects, and
proposed that identification of a laboratory test or other indicator
of oncoming crisis would improve their quality of life. Their
feedback highlighted that identification of an evidence-based diet
and supplement regimen to prevent crises and disease progres-
sion would increase their sense of personal control over the
disease. Similar to parents of other children with rare diseases,
parents in our study emphasized the burden of educating
healthcare providers about their child’s rare disease [35]. By
combining patient-reported outcome measures with interactive
community engagement, our approach yielded valuable insights
into the daily life and well-being of families impacted by TANGO2
disorder.
Our study had several limitations. Although the sample size is

large for this newly identified rare disease, it is nevertheless small
and prevented meaningful statistical comparisons of HRQoL
between patient age groups. As a result, observed age-related
differences in HRQoL and statistical comparisons of self- and
proxy-report scores should be interpreted with caution. Moreover,
since parents administered the Young Child version of the
PedsQL™ to their child, they were not blinded to their child’s
responses. The custom open-ended survey included example
answers for the “desired clinical outcomes” question (“For

instance, improved quality of life, preventing loss of function, and
so on”), which likely influenced responses. Another limitation is
the focus on parent-report for illness perceptions and lived
experiences. With evidence that illness perceptions vary between
caregivers and affected individuals, the illness perceptions of
TANGO2-affected individuals themselves should be studied in
future work [14]. Last, while our study informally incorporated
elements of direct caregiver engagement, future work should
approach this type of engagement in a more structured manner.
Caregivers should be involved in study design and survey
selection or creation in order to maximize the effectiveness of
future work to inform patient-centered interventions.
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