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Abstract

Background: Throughout the COVID-19 pandemic, decreases in health-related quality of life (HRQoL) have been
observed in adults and children, with isolation, economic disruption, school closures, and health-related anxiety likely
contributing. In this study, we evaluated the impact of COVID-19 on self-reported HRQoL of EOS patients and their
caregivers using the Early Onset Scoliosis Questionnaire-24 (EOSQ-24).

Methods: Patients with EOS and their caregivers enrolled in the Pediatric Spine Study Group (PSSG) registry with
EOSQ scores from the year before the COVID-19 pandemic and the first year during COVID-19 were included.
Two years of before-COVID-19 baseline EOSQ scores were recorded for each patient. We recorded patient medical
demographics, scoliosis etiology, and comorbidities.

Results: 618 patients met inclusion criteria (255 male, 363 female). All EOSQ subscores increased significantly

from pre-COVID to early-COVID (p < 0.001, p <0.05, respectively), though the mean difference was well below

the proposed EOSQ-24 MCID. There was no evidence of change in Combined HRQoL or impact- and satisfaction-
related scores between early-COVID to late-COVID (p > 0.37). When stratified by etiology (40.3% idiopathic, 17.6%
syndromic, 17.8% neuromuscular, 23.0% congenital), there was no evidence of decrease in the HRQoL combined score
or other subscores in any subgroup between Pre-COVID and during COVID.
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Conclusions: Overall, there was no evidence of negative impact on HRQoL by the COVID-19 pandemic for children
with EOS or their caregivers. In the future, protective factors contributing to the resilience for this population may be

explored further.

Level of Evidence: I11

Key Concepts

* Decreases in health-related quality of life have been observed among adults and children during the COVID-19

pandemic.

» The Early Onset Scoliosis Questionnaire allows for health-related quality of life measurement of patients with Early

Onset Scoliosis and their caregivers.

* Among EOS patients in a national registry who filled out EOSQ-24 questionnaires before and during the COVID-
19 pandemic, we found no evidence of decrease in HRQoL between pre-COVID, early COVID, and late COVID

timepoints.

Introduction

EOS is a progressive, chronic condition often
accompanied by a number of comorbidities and
pulmonary complications requiring longitudinal
treatment with the potential for repeated procedures.
Therefore, monitoring health-related quality of life
(HRQoL) and burden of care is vital for patients with
Early Onset Scoliosis (EOS) and their families.!-3

The COVID-19 pandemic has increased feelings of
isolation and health-related anxiety among the general
population and in subpopulations with chronic health
conditions. Decreases in HRQoL have been observed
in adults, adolescents, and young children.*¢ School-
age children have been greatly impacted by school
closures, limited social contact, and suspension of
extracurricular activities. In children whose internet
usage increased during the COVID-19 pandemic,
decreases in self-reported physical well-being,
emotional well-being, self-esteem, family subscores,
school-related subscores, and overall quality of life
have been observed.” For parents and caregivers,
personal and professional changes are compounded by
disruptions in children’s routines due to the pandemic,
potentially contributing to physical, emotional, and
economic stress. These changes may be particularly
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salient for individuals with pre-existing health
conditions and their families.

The Early Onset Scoliosis Questionnaire-24 (EOSQ-24)
measures HRQoL for both patients with Early Onset
Scoliosis (EOS) and their caregivers and presents an
opportunity to comprehensively evaluate HRQoL in this
population.? This instrument has been utilized to measure
and compare HRQoL and burden of care as outcomes

of different treatments as well as its associations with
various patient characteristics, such as EOS etiology.?1?
Etiologies of EOS are divided conventionally into
idiopathic, congenital, syndromic, and neuromuscular.
Congenital scoliosis includes structural causes of curves
such as hemivertebrae, fused ribs, VATER, etc. (vertebral
defects, imperforate anus, tracheoesophageal fistula, and
radial and renal dysplasia). Neuromuscular scoliosis is
associated with spinal muscular atrophy, cerebral palsy,
and other muscle tone disorders. Finally, syndromic
scoliosis commonly includes Ehlers-Danlos and other
connective tissue disorders, Prader-Willi syndrome, etc.'3
Comorbidities and patient characteristics associated

with more complex etiologies, such as neuromuscular
EOS, have demonstrated significantly lower HRQoL
values in prior studies,'* while idiopathic EOS has
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demonstrated comparatively better results.> The purpose
of this study was to compare HRQoL of EOS patients
and their caregivers using the EOSQ-24 in the 2 years
prior to and 1 year after the beginning of the COVID-19
pandemic, with stratification by etiology of EOS. These
findings may allow identification of patient populations
at greater risk of HRQoL changes with interruptions in
daily life or in-person healthcare. We analyzed a single
group of patients with HRQoL measures at multiple
times, including before and during the pandemic. Due to
increased psychosocial stress and closure of schools and
activities, we hypothesized that HRQoL would decrease
after March 2020 compared to before March 2020.

Methods

Study Design and Settings

Upon the Institutional Review Board approval, a
retrospective study using a multi-center international
EOS registry was conducted. The data included patients
from 27 institutions seen in the routine office visits from
2018 to 2021.

Study Patients

All patients with EOS, and their caregivers, who had
office visits and received at least one Early Onset
Scoliosis Questionnaire-24 (EOSQ-24) from April 2020
to February 2021 and at least one EOSQ-24 from March
2019 to February 2020 were included. Patients receiving
any new intervention or change in treatment type (e.g.,
index spinal instrumentation, spinal fusion, initial
implant or removal of a growth-friendly lengthening
device, or initiation or completion of casting or bracing)
from March 2019 to February 2021 were excluded. As

a result, among the included patients, no changes in
treatment type or index procedures were recorded during
the Last Baseline, Pre-COVID, Early COVID, or Late
COVID timepoints. This exclusion was made to limit
the influence of changes in treatment, rather than the
COVID-19 pandemic, on EOSQ-24 score.

Early Onset Scoliosis 24-Item Questionnaire (EOSQ-24)
All EOSQ-24 domain scores were used to measure
HRQoL of patients and burden of care of their parents
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during the routine office visits. EOSQ-24 subscores
consisted of General Health, Pain/Discomfort,
Pulmonary Function, Transfer, Physical Function, Daily
Living, Fatigue/Energy Level, and Emotion, which
were averaged to create the “HRQoL Composite” score.
Survey data also included Parental Impact, Financial
Impact, Child Satisfaction, and Parent Satisfaction
scores.

Baseline, Pre- and During-COVID Assessments

The EOSQ-24 scores were compared before and during
COVID-19 to assess the impact of the COVID-19
pandemic on HRQoL of patients and burden of their
caregivers. The Before-COVID assessment was defined
as EOSQ-24 measures completed during visits from
March 2019 to February 2020. This was then divided
into two half-year timepoints: Last Baseline (March
2019 — August 2019) and Pre-COVID (September 2019
— February 2020). The During-COVID assessment was
defined as EOSQ-24 measures administered during the
COVID-19 pandemic from April 2020 to March 2021.
The During-COVID was further categorized into two
visit phases: Early COVID (earliest 4/2020 — 9/2020)
and Late COVID (earliest 10/2020 — 3/2021), in order
to divide the first year of the pandemic into 6-month
sections. Early COVID and Late COVID scores were
separated to evaluate for potential changes in HRQoL
over the course of the pandemic. Due to the anticipated
variation in the date of initial COVID-19 lockdown
between patients in different communities and school
systems, the month of March 2020 was treated as a
transitional period and EOSQ-24 surveys from March
2020 were excluded.

Last Baseline, Pre-COVID, and During-COVID
assessments were compared to differences in scores in
HRQoL in the previous year (February 2018 to February
2019). Thus, in total, 2 years of baseline data before the
COVID-19 pandemic were collected to establish the
mean change in EOSQ-24 for individual patients over
time. The baseline was further divided into another two
phases at 6-month intervals (2/2018 — 8/2018, 9/2018 —
2/2019), making up the First and Second Baselines.
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Other Variables of Interest

Patient age, sex, scoliosis etiology, ambulatory status,
respiratory support, and body mass index (BMI) were
recorded. Etiologies were categorized into idiopathic,
syndromic, neuromuscular, and congenital.'> Ambulatory
status was categorized into ambulatory, limited-
ambulation (walking with device, household ambulation,
etc.), non-ambulatory, and pre-ambulatory. Respiratory
support was categorized into no assistance, advanced
volume-assure pressure (AVAP), bilevel positive airway
pressure (BIPAP), continuous positive airway pressure
(CPAP), nasal canula, tracheostomy, or other positive
pressure vent. Treatment interventions at any of the
above timepoints were recorded.

Statistical Analysis

Differences in demographics of patients with surveys
at each time point were examined by t-tests or 32 tests.
EOSQ-24 scores were compared using Student’s paired
t-test with Welch’s Correction. Statistical analysis

was performed with Excel (Microsoft Inc, Redwood,
WA) and RStudio Version 1.3.1093 (RStudio, Boston,
MA).

Results

Study Patients

Overall, 618 patients were included (Figure 1). All
patients received at least one EOSQ-24 survey during
latest baseline and/or Pre-COVID timepoints (n = 423,
n =438, respectively). All patients also received at least
one EOSQ-24 survey during either or both the Early
COVID or Late COVID timepoints (n = 400, n = 366).
Two hundred seventy-six patients received a survey

at first baseline and 300 patients received a survey at
second baseline.

Of the included patients, 41.3% were male. Mean

age was 8.14 £ 3.74 years at latest baseline and 8.23

+ 3.84 years at Pre-COVID. Classified by etiology,
40.3% of patients were diagnosed as Idiopathic, 17.6%
as Syndromic, 17.8% as Neuromuscular, and 23.0%

as Congenital. Mean BMI in the year preceding the
COVID-19 pandemic was 17.46 + 4.09. A majority
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Patients in Pediatric Spine
Study Group registry with Early
Onset Scoliosis Diagnosis

n =8,581
( No EOSQ-24 recorded
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Change in treatment strategy
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implant removal; or index
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Excluded: 197

Figure 1. Study patient inclusion and exclusion.

Final inclusion:

n=618

of patients were ambulatory (66.7%) and required no
respiratory assistance (75.7%) (Table 1).

Among the included patients, no changes in treatment
type or index procedures were recorded during the Last
Baseline, Pre-COVID, Early COVID, or Late COVID
timepoints, as patients with interventions between March
2019 and February 2021 were excluded. Patients with
new interventions during the first and second baseline
periods were not excluded, as long as they had no new
interventions from March 2019 to February 2021. During
second baseline, 56 patients (18.7%) received new
interventions, with no evidence of difference in HRQoL
scores during second or third baseline (p =0.77, p =
0.34), compared to patients with no interventions during
second baseline. Forty-five patients (16.3%) received
interventions during first baseline, with no evidence

of difference in HRQoL at first baseline (p = 0.33) or
second baseline (70.3 intervention cohort, 75.8 non-
intervention cohort, p = 0.08).
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Table 1. Characteristics of Included Patients

Sex Male, n (%) 255 (41.3)
Female, n (%) 363 (58.7)
Age at latest baseline, years =+ stdev 8.14 +£3.74
Age at Pre-COVID, years + stdev 8.23+3.84
Etiology Idiopathic, n (%) 249 (40.3)
Syndromic, n (%) 109 (17.6)
Neuromuscular, n (%) 110 (17.8)
Congenital, n (%) 142 (23.0)
other, n (%) 8 (1.3)
BMI, mean =+ stdev 17.46 £ 4.09
Ambulatory | Ambulatory, n (%) 412 (66.7)
Status Limited Ambulation, n (%) 39 (6.3)
Non-ambulatory, n (%) 76 (12.3)
Pre-ambulatory, n (%) 11 (1.8)
data not available, n (%) 80 (12.9)
Respiratory | No assistance, n (%) 468 (75.7)
Support AVAP, n (%) 1(0.2)
BIPAP, n (%) 13 (2.1)
CPAP, n (%) 6 (1.0)
Nasal canula, n (%) 6 (1.0)
Other positive pressure vent, n (%) | 2 (0.3)
Tracheostomy, n (%) 22 (3.6)
data not available, n (%) 100 (16.2)

Pre- and During-COVID Health-Related Quality

of Life

HRQoL Composite score was significantly increased

in Early COVID versus Pre-COVID, despite a mean
difference of only 3.1 points (75.6 = 17.0 to 78.7 +

16.0, p <0.001). From Early COVID to Late COVID,
there was no evidence of change in HRQoL Composite
score (Table 2). In terms of subscores, General Health,
Pulmonary Function, Fatigue/Energy Level, and Physical
Function increased from Pre-COVID to either Early
COVID or Late COVID (p < 0.05). From Pre-COVID to
Early COVID, Parental Impact, Financial Impact, Child

Copyright © 2022 JPOSNA®

Satisfaction, and Parent Satisfaction all significantly
increased (73.5 to 78.1, 78.2 to 83.0, 73.1 to 76.2, 74.2
to 77.3, respectively, p < 0.05), with no evidence of
subsequent change from Early to Late COVID.

Baseline Health-Related Quality of Life

No evidence of difference was found between HRQoL
Composite scores at Baseline timepoints, with mean
scores ranging from 75.1 to 76.4 out of 100 (Table 3).
Financial Impact decreased from first baseline to second
baseline, and Parental Impact increased from last
baseline to Pre-COVID. No other evidence of difference
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Table 2. Mean EOSQ-24 Subscores Before and After The COVID-19 Pandemic

Pre-COVID — Early COVID — Late COVID

n =438 p-value | n=400 p-value | n =366
General Health 72.6+19.3 | <0.001* | 80.2 + 18.1 0.173 80.3+£17.8
Pain/Discomfort 76.1+20.4 | 0.584 75.5+£20.1 0.160 |769+204
Pulmonary Function | 87.0+18.9 | 0.020% | 88.2+18.8 0.955 87.7+18.4
Transfer 80.0+£24.4 |0.389 82.8 £23.2 0.475 82.2+254
Physical Function 77.1+£269 |0.113 78.7+27.2 0.046* | 79.0 £26.7
Daily Living 71.4+29.2 |0.083 73.1 £28.5 0376 | 70.7+29.3
Fatigue/Energy Level | 75.6 £25.2 | 0.045% | 77.1 +£25.2 0.999 |76.8+239
Emotion 77.2+223 |0.222 78.4+21.6 0.409 |76.4+223
HRQoL Composite 75.6+17.0 |<0.001% | 78.7+16.0 0.378 77.5+£16.3
Parental Impact 73.5+23.5 |<0.001% | 78.1 +21.9 0.754 | 743+224
Financial Impact 78.2+£23.4 ]0.001* | 83.0+£21.6 0.671 80.9+21.4
Child Satisfaction 73.1+23.5 [0.023* | 76.2+21.8 0377 |742+229
Parent Satisfaction 742+£23.2 10.036* |77.3+£22.0 0.837 75.6 +£22.4

was found between impact-related and satisfaction-
related EOSQ-24 scores.

Categorical Analysis by Magnitude of Change Across
Timepoints

While the minimally clinically important difference
(MCID) for the EOSQ-24 has yet to be fully established,
a threshold of > 10 points has been suggested.> Using

a threshold of > 10 point change, both in the positive
and negative directions, EOSQ-24 score changes are
described categorically in Table 4. Between First,
Second, and Third Baselines, 11.6% and 12.7% of
patients reported increased EOSQ-24 scores by > 10
points. From Third Baseline to Pre-COVID, Pre-COVID
to Early COVID, and Early to Late COVID, 16.3%,
20.0%, and 12.8% of patients reported increased scores
by > 10 points.

Stratification by Scoliosis Etiology

HRQoL Composite score increased from Pre-COVID

to Early COVID for Idiopathic, Neuromuscular, and
Congenital etiologies (Table 5, Figure 2). The idiopathic
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cohort also showed increased Financial Impact scores at
the same timepoints, and the congenital cohort showed
increased Financial Impact and Parent Satisfaction scores
(p <0.05). The Neuromuscular cohort showed increases
in all impact-related and satisfaction-related scores from
Pre-COVID to Early COVID (p < 0.05). There was no
evidence of difference in HRQoL Composite, impact-
related, or satisfaction-related scores in the Syndromic
cohort.

From Early COVID to Late COVID, there was no
evidence of change in HRQoL scores in any etiology
cohort except for a decrease in HRQoL Composite
score in congenital patients (80.8 + 17.4, 78.7 £ 15.0,
p =0.05).

Discussion

In this study, we analyzed EOSQ-24 surveys from a
multicenter, cross-national registry to determine whether
HRQoL changed over the course of the pandemic.

We examined data from the first year of the COVID-

19 pandemic and the preceding 2 years as a baseline.

WWW.jposna.org



Volume 4, Number 4, November 2022

OURNAL OF BN

JPOSNA

(%) u syurod
($'6) ¥1 (6'8) st Cad0R L3 (I'sD ¢ (rzn e 01 < 9sea109(
(%) u
(LLL) STt (I'1L) 661 (€1L) 6L1 (8'89) €91 (€9L) €1 sjutod 01 > v
(%) u syurod
(8z1) 61 (0°02) 9¢ (€91 1t (L2 og 9 11) 0T 01 < 9sea1ou|
(1z07/€ (0z02/6 (0z02/T
—=0202/01) = 020T/%) - 6107/6) (6107/8 (6107/T (8107/8
[(17Ne)e) [117Ne)e) aIA0dD - 6107/E) - 8107/6) —8107/7)
Jje| — Apreq — =g — uipsegq — uipseyq — duipseyq
duaRHI yuted-0 | < Aq padnoan) 310§ $7-OSOH Ul d3UBY)) JUINE] 134 b IqEL
YTTFISL SN | 0TTFELL| +9€0°0 | TETFTYL SN | ¥'€TFLYL SN | 6TCFV L SN | 9°€TF €'SL | uonoeysnes juared
6'TTFTYL SN | 8TCFTIL| =€20°0 | SETFIEL SN | 9€TFEeEL SN | 8€TFSIL SN | SPTFSTL | uwonoeysnes pyD
YITF 608 SN | 9IZFOE8 | %1000 | ¥'€ECFTSL SN | 0T F €6L SN | V'STFSLL| $90°0 | 8'CTFLSL yoeduy [eroueUl]
YICFEYL SN | 6 TZFI'SL | »100°0> | SETFSEL | %9700 | I'STFEEL SN | TTZFE€TUL SN | L'TZFOPL 10edw] [BIURIRy
COIFSLL SN | 09T FL'SL | «100°0> | 0'LT F9'SL SN | €91 F19L SN | 99T FI'SL SN | 9791 F+'9. | ansodwo) JoOYH
99¢ =u | anpa-d 00y =u | onpa-d 8¢y =u | angpa-d sy =u | anpa-d 00€ =u | ampa-d 9/7=1
(1zo0z/€ (0z0z/6 (0zoz/T
=0202/01) —0202/%) —6102/6) (6107/8 6107/ (8107/8
[(17.Xe)e) dIAO0D [(17.Ne)e) —6107/€) —8102/6) —8102/7)
e — Apreyq — =g — durpseyq — durpseyq — urpseyq

JruRpue 6I-AIAOD Y} SurIn( Jedk | pue duIpseq 18d4-7 YIM $3109s $7-OSOH ULIAl € d[qeL

WWW.jposna.org

Copyright © 2022 JPOSNA®



Volume 4, Number 4, November 2022

OURNAL OF BN

JPOSNA

6'0CFLLL SN | 0TCFTE8 | =810°0| O'ICTFEIL SN | €TCF69L SN | ¥TTFSLL SN | I'YCF6LL uonRYSHES JUdIR]
0TTFOSL SN | 1'TCF 08 SN | LTTFOSL SN | 9vTFTPL SN | 8TCF0TL SN | SYTFSSL uonoeyses plryD
I'€CFS6L SN | 90TF098 | =LT0°0 | ¥'STFO6'LL SN | TE€TFSI8 SN | L'STFSLL SN | €€CF¢$T8 yweduwy [eoueur]
TOTFSLL SN | 8 1CF+08 SN | TETFHSL SN | 9STFISL SN | 00TFLSL SN | 8'€CTFTIL yoeduwy [eyuored
OSTFLSL| %0800 | ¥'L1F808 | =6100| S9IF89L SN | 8LIF99L SN | I'SIF#9L SN | 9T F06L aysodwo) TOOYH
8 6 001 6 09 s (T¥1 = u) [epUdZU0)
8ITFOI9 SN | 00TF6S9 | =6£0°0 | 80T F €65 SN | 0€CTF 819 SN | 64T F €S9 SN | T9TF 99 uonoejsnes JudIeq
91T+ 809 SN | 00TFTS9 | x6£0°0 | 1'0TFT09 SN | I'YCTF 619 SN | 69CF 109 SN | S'LTF809 uonoesnes pIr)
S0TFLSL SN | 9VTFEI8 | «LI00 | ¥ ECFLEL SN | +'9TF9°€L SN | €9TFI'TL | =610°0 | T9TFSEL yoeduwy [eroueur|
0€TFILS SN | SYTFSH9 | «100°0 | ¥'ECFTSS SN | 0¥TF 0709 SN | 8+CTF0°09 SN | T+TFT€9 yeduy [eyuored
TIIFT99 SN | 6STF6'89 | «100°0> | €91 F€€9 SN | 9L F8S9 | €80°0 | 08I F+99 SN | SLIFLLY apsodwo) TOOYH
€L €9 08 SL Is €S | (011 = u) JeMISNUOINAN
TTTF869 SN | 0'1CF0°L9 SN | TETFET9 SN | €€TF9°59 SN | 0E€TF LYY SN | L'E€TFILY uonoRysHeS JUdIed
6'TCF 069 SN | L'8IF099 SN | 8TCF 679 SN | €12F9'99 SN | ¥'¥TF 819 SN | ¥'TTF LS9 uonoeyses pIy)
0CCFEI8 SN | I'ITFE6L SN | 8YTF¥'SL SN | 6€TF69L SN | ¥'€CFOLL SN | 8'€TFSHL weduwy [eoueur]
6'TTF LS9 SN | TTCFL69 SN | 60TF €19 SN | 6TTFLSY SN | I'CTF LS9 SN | 8TCF9'99 1eduwy eyuared
0SIFHeEL SN | €EIFETL SN | 6€IF689 SN | SETF60L SN | €LIFE69 SN | 191 FTOL ansodwo) TOOIH
9 LL €L 18 s Ss (601 = u) druroIpuAg
961 F8°€8 SN | €0TF €8 SN | I'0ZFL€E8| 95070 | 8ITF+I8 SN | 861 F908 SN | T61F9T8 uonorysyeS JudIRJ
907 F T8 SN | 1'0ZF6C8 SN | ¥'CZFOI8 SN | €12F 108 SN | 9°07F9°8L SN | STTFL6L uonoeysyes pIry)
661 F€€8 SN | €1CF8€8 | «b€0°0 | 0'1CFTTY SN | €€TF918 SN | 6'1CF €08 SN | ¥'TCFSI8 yoeduwy [eroueur|
I'LIFS€8 SN | 2791 F098 €L0°0 | 8LIFEVS | =1T0°0 | ¥'LIF1'18 SN | 961 F$8L SN | T8I F€I8 yeduwy [eyuored
9ElF L8 SN | TEIFOP8 | =IH0°0 | 61 F97€8 SN | €€1F9C8 SN | €71 FT08 SN | 6€1FTC8 apsodwo) TOOYH
Iv1 | anppa-d 191 | ona-d 081 | anpa-d 081 | anva-d 1 | anppa-d STI (6% = u) drypedorpy
(Tzoz/e (0z0z/6 (0zo0z/T
= 0202/01) = 020%/%) - 6102/6) (6107/8 (6107/T (8107/8
aIAO0D aIA0D aIA0D - 6107/€) —8107/6) - 8102/7)
e — Apreq — =Id — urseq — uiseq — urpseqg

A3oong SO Aq paypens yurodowrr], Aq 3103§ $7-OSOH ULIIA °S d[qEL

WWW.jposna.org

Copyright © 2022 JPOSNA®



OURNAL OF BN

POSNA

Volume 4, Number 4, November 2022

Before COVID-19 During COVID-19

90
—e— Idiopathic

85

80 .\//._ *
75 - \—e———e’

oy
70 - l\./'\_,/./.
65 — A\A\ﬁ\x/\‘

QY > G N Q A
ST P S B S
& S S

7 I 7

—— Congenital
-m Syndromic

—A—- Neuromuscular

‘b\
4 7/ 7
o' @ o 9o o o
3 oS S P

Q Q
DU VO U LN SN

Figure 2. Mean HRQoL Composite Score by Etiology.

Despite disruptions to daily living for children during
COVID-19, there was no overall evidence of decrease in
HRQoL during the pandemic among EOS patients. When
stratified by etiology, increases in HRQoL were found in
idiopathic, neuromuscular, and congenital cohorts from
before COVID-19 to immediately after. No evidence of
difference was found in the syndromic cohort. Over the
course of the first year of COVID-19, no evidence of
decrease in HRQoL was found in idiopathic, syndromic,
and neuromuscular cohorts. We found decrease only in
the HRQoL Composite score in the congenital cohort
over the course of the pandemic, with no evidence of
difference in impact- and satisfaction-related scores.

While statistically significant increases in HRQoL were
found both in the overall population and when stratified
by etiology in all cohorts except syndromic patients,
none of the mean differences from before onset of the
pandemic to immediately after exceeded 10 points out

of 100. As a result, increased scores may not reach a
clinically important difference, which has been suggested
to be > 10 points.? Further studies to more fully establish
the minimally clinically importance difference for the
EOSQ-24 are ongoing. However, the lack of evidence of
decrease in HRQoL during the COVID-19 pandemic is in
itself an important finding.

The results from this study differ from several
other child/adolescent population groups that have
demonstrated decreased HRQoL scores during the

Copyright © 2022 JPOSNA®

pandemic.>!3 One study by Riiser et al. of 2,205
adolescents between 16 and 19 years old in Norway
found quarantine isolation to be associated with a
significant decrease in HRQoL, although increased health
literacy was associated with an increased HRQoL.!®
There are notable differences between EOS patients and
the patient population in the study by Riiser et al., with
EOS patients in this study being much younger (with

an average age around 8 years old) and likely having

on average more frequent interactions with healthcare
systems. Another study by Adibelli et al. of children ages
7-13 found higher HRQoL scores during the pandemic
among younger children (< 10 years), which corresponds
better to the EOS population in our study, although
overall decreases in HRQoL were still noted.” Increased
involvement in healthcare due to chronic conditions

for EOS patients and their caregivers may correspond
loosely to the increased health literacy mentioned in
Riiser et al., which was found to mitigate decreases in
HRQoL during the pandemic.

Historically, HRQoL studies in EOS populations have
shown lower scores associated with non-ambulatory
status, complications, and neuromuscular etiology.'*
Idiopathic EOS has been associated with relatively better
EOSQ-24 scores.? This corresponds well with the results
of etiology stratification in our study, which found lowest
EOSQ-24 scores at all time points in the neuromuscular
cohort and highest scores in the idiopathic cohort.

This prior research has demonstrated lower EOSQ-24
scores in syndromic or neuromuscular etiologies even
prior to treatment.!” This may reflect the increased care
effort and demands of daily living for many patients

in the neuromuscular cohort, such as those with spinal
muscular atrophy, muscular dystrophy, or cerebral palsy.
Further research may be warranted on the demands of
daily living during the COVID-19 pandemic for both
patients and caregivers between the etiologies to identify
protective factors for idiopathic and syndromic versus
congenital and neuromuscular diagnoses.

In a previous survey of parents and caregivers of children
with EOS, major factors affecting quality of life included
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emotional “rollercoaster rides” and feelings of self-blame
and depression, lack of resources and information from
healthcare professionals, lack of community among
other patients, financial grief, and exhaustion from travel
to and from healthcare centers.! Established support
systems among family and community have also been
associated with improvements in HRQoL in a 7-11 year
old chronic illness population, especially in children
with low physical self-esteem.!® Parents of children with
cerebral palsy have noted that initial isolation improves
over time with repeated clinic visits.!” The impact of
COVID-19 on these factors is unclear, as feelings of
lack of community and resources may be increased by
the pandemic but travel exhaustion may have actually
improved due to rollout of telehealth during the
pandemic. It is possible that early pressure to establish
greater support systems well before the pandemic, as
expressed by parents of children with EOS, may have
had some protective effect during the isolation of the
COVID-19 pandemic.

Because inclusion criteria for this study necessitated
EOSQ-24 administration during the pandemic, patients
who continued to attend either telehealth or in-person
appointments would be more likely to be included. This
is a limitation of the study, as it could bias the population
toward better-resourced patients or caregivers who
maintained greater involvement in their child’s healthcare,
and this population may be more likely to report higher
HRQoL scores. In terms of the statistical analysis and
data availability, not every patient took an EOSQ at every
timepoint, so it was not feasible to track the HRQoL
scores for a single patient across all timepoints. For
comparisons between timepoints, paired t-tests were
used, which excluded patients who took only one of the
two surveys being compared. A third consideration for
interpretation of the results of this study is the nature of
the EOSQ-24 survey, which is filled out by the parent or
caregiver of each patient. This means that, especially for
younger patients, parent perceptions of the child’s quality
of life are measured in place of the patient’s own self
report. For instance, greater parent health-related anxiety
could potentially correspond to decreased emotion scores
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even without increased anxiety in the child with EOS.
The level of direct involvement in survey response that
each patient has often depends on their age, as older
patients are more likely to answer questions themselves.
Furthermore, it is possible that the EOSQ-24 as an
instrument was unable to detect differences in domains
specifically affected by the COVID-19 pandemic, whether
through gaps in the areas assessed by the questionnaire
or through inadequate resolution of the 5-point scoring
system for each survey question. Finally, in order to
reduce confounding of HRQoL by new interventions,
patients with new interventions (e.g., index spinal
instrumentation) during March 2019 to February 2021
were excluded. As a result, further studies are warranted
to investigate the effect of the pandemic on HRQoL for
patients who had less stable treatment courses. Despite
the limitations, there are several notable strengths of this
study. We included over 600 patients using a multicenter
registry, evaluating data from a span of 3 years to capture
temporal changes in HRQoL of individual patients. This
allowed us to stratify by scoliosis etiology, with still
over 100 patients in the smallest etiology subgroup. The
EOSQ-24 questionnaire also enabled the analysis of
twelve distinct aspects of HRQoL.

In sum, the results of this study suggest some element of
resilience in the EOS population, which may have buffered
the impact of the COVID-19 pandemic on these patients.
Additional explorations of the individual roles of increased
telehealth availability, remote schooling, health-related
media, and well-established patient support networks are
warranted. On the other hand, it is possible that changes
were not detected with the current instruments utilized for
evaluating HRQoL. Thus, the study also highlights the
need for a comprehensive investigation of EOS patient

and caregiver experiences relating to COVID-19 to
identify aspects of HRQoL that may have in fact changed
during this time. These could then be incorporated into
future evaluations of HRQoL in this population. These
inquiries may provide a better framework for assessing
and promoting the HRQoL of children with chronic health
conditions and their families, perhaps in preparation for
future widespread interruptions in healthcare. Finally,
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while few changes in HRQoL during the pandemic were
found overall, we did find a significant decrease in scores
among patients with congenital scoliosis, as well as a
decrease in mean score without statistical significance

in the neuromuscular cohort, throughout the first year of
the pandemic. These findings suggest that vulnerability
to decreased HRQoL varied between etiologies, and
additional support may be warranted for neuromuscular
and congenital EOS patients.

Additional Links

* The Pediatric Spine Foundation: The Pediatric Spine
Foundation is a community dedicated to improving
the quality of care and the outcome of treatment for
patients and families dealing with chest wall and spine
deformities.

* The Final 24-Item Early Onset Scoliosis
Questionnaires (EOSQ-24): Validity, Reliability and
Responsiveness, Matsumoto et al. 2018, Journal of
Pediatric Orthopaedics.

* POSNA COVID-19 Updates Blog: Sharing experi-
ence, perspectives and information about the current
crisis brought on by the COVID pandemic.
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