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Abstract
Between July 2020 and January 2021, 230 principal caregivers completed a questionnaire to measure proxy-assessed health-
related quality of life outcomes (HRQoL), behavioral outcomes in children with syndromic autism spectrum disorders and 
COVID-19 induced changes to lifestyle and environments. HRQoL and behavioral outcomes reported earlier during the 
pandemic were generally worse compared to those reported later. COVID-19 induced reduction to a caregiver’s mental 
health appointments, and hours spent watching TV were associated with decreases in HRQoL and increased the likelihood of 
problematic behaviors. Increasing time outdoors and time away from digital devices were positively associated with HRQoL 
and behaviors and might protect children from COVID-19 induced restrictions.

Keywords COVID-19 · Autism spectrum disorders · HRQoL · Phelan–McDermid syndrome · Rett Syndrome · 
SYNGAP1-ID

Introduction

The COVID-19 pandemic disrupted the daily lives of 
children and their caregivers. Recent literature links the 
COVID-19 pandemic with high rates of adverse outcomes 
experienced by children (Liu et al., 2020; Singh et al., 2020) 
particularly from those in vulnerable groups and their fami-
lies. Specifically, results have shown that the COVID-19 
pandemic is associated with an increased risk of negative 
mental health and neurodevelopmental outcomes among 

children diagnosed with neurodevelopmental disorders 
(Masi et al., 2021; Summers et al., 2021; Ehrler et al., 2021; 
Courtenay and Perera 2020). Overall, the evidence is not 
fully conclusive. Initial studies have generally highlighted 
the adverse impact of the COVID-19 pandemic on children 
and adolescents while other contradictory evidence found 
either no impact, or in some cases, positive effects of the 
pandemic (Bruining et al., 2021; Achterberg et al., 2021; 
Koenig et al., 2021).

Preliminary evidence suggests that COVID-19 has 
adversely impacted individuals diagnosed with Autism 
Spectrum Disorders (ASDs). Children diagnosed with ASD 
are known to be particularly vulnerable due to their difficulty 
with adapting to new situations such as COVID-19 induced 
lockdowns (Pellicano et al., 2021; den Houting 2020; Pel-
licano and Stears 2020; Eshraghi et al., 2020). Research has 
found that COVID-19 negatively impacted ASD children’s 
mental and physical status (Lugo-Marín et al., 2021; Colizzi 
et al., 2020) as well as self-regulation and co-operation skills 
(Morris et al., 2021).

However, despite the existing evidence documenting 
the impact on health outcomes of COVID-19 on children 
diagnosed with ASD, there is no research to date that has 
ascertained the impact on health-related quality of life out-
comes (HRQoL) in this pediatric population. Moreover, it 
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is currently unknown if and how environmental changes 
due to COVID-19 are associated with HRQoL outcomes 
in ASD children. Multi-dimensional HRQoL measures 
provide a comprehensive, holistic approach to evaluate the 
consequences of the COVID-19 pandemic. HRQoL meas-
ures move beyond the standard clinical effectiveness frame-
work, and are able to deliver the meaningful data required 
for comprehensive health economics and policy evalua-
tions for Drugs et al. (2006), Chim et al. (2010), Excellence 
(2013) and are also used in clinical settings Mouillet et al. 
(2021), Nguyen et al. (2021), Tian-hui et al. (2005), and 
Pais-Ribeiro (2004).

This study had the following aims: (a) to ascertain 
HRQoL outcomes using valid and reliable measures dur-
ing COVID-19 for children diagnosed with three genetic 
disorders which strongly predispose a child to syndromic 
ASD: Phelan–McDermid syndrome (PMD), Rett Syndrome 
(RTT) and SYNGAP1-related intellectual disability (SYN-
GAP1-ID) and (b) to determine the relationship between 
the pandemic-induced lifestyle changes, HRQoL, behavior 
problems and the mechanisms around which environmental 
changes can impact behaviors. Finally, (c) we compared 
children’s outcomes during earlier stages of COVID-19 
with later phases of the outbreak. We chose these popu-
lations because these disorders strongly predispose to 
a diagnosis of autism (Holder Jr et al., 2019; Vlaskamp 
et al., 2019; Jimenez-Gomez et al., 2019; Phelan et al., 
2018; De Rubeis et al., 2018; Oberman et al., 2015; Ber-
ryer et al., 2013; Neul 2012; Kaufmann et al., 2012) and 
since these neurodevelopmental disorders display complex 
associations with autistic features and behavior problems 
consistent with ASD Holder Jr et al. (2019); Phelan et al. 
(2018); Kaufmann et al. (2012). Genetic syndromes with 
high prevalence of autism are often referred to as syndro-
mic autism because of their comorbid phenotypes of intel-
lectual disability, epilepsy and dysmorphic features (Benv-
enuto et al., 2009; Sztainberg and Zoghbi 2016). Moreover, 
because these disorders have defined genetic etiologies, 
each potentially has a more homogeneous phenotype than 
idiopathic autism.

PMD is characterized by early global developmental 
delay that leads to intellectual disability in nearly 100% 
of affected individuals (De Rubeis et al., 2018). The most 
severely impacted developmental domain is language, and 
this, in combination with social behavior deficits as well 
as sensory processing abnormalities, frequently leads to a 
diagnosis of autism. Approximately 35% of individuals with 
PMD also develop epilepsy. Individuals with SYNGAP1-ID 
similarly typically present with global developmental delay 
that leads to a diagnosis of intellectual disability (Holder Jr 

et al., 2019). In contrast to PMD, over 90% of individuals 
affected by SYNGAP1-ID develop epilepsy, often intracta-
ble. However, similar to PMD, children with SYNGAP1-ID 
frequently also have social and sensory processing deficits 
which in combination with severe abnormalities in language 
development lead to a diagnosis of autism. For RTT, early 
development of affected girls can be normal with sudden 
regression of developmental skills at 1–4 years of age 
(Neul, 2012). This includes loss of both social skills as well 
as language again leading to an autism diagnosis. Uniquely 
for RTT, prominent loss of purposeful hand use is common.

We hypothesized that positive changes to children’s pan-
demic induced environments had a positive relationship on 
children’s HRQoL and behavioral outcomes across each 
diagnosis. Furthermore, we tested the hypothesis that an 
earlier phase of the pandemic was associated with worse out-
comes in children compared to later stages of the COVID-19 
pandemic. We also aimed to test the hypothesis that pan-
demic-induced healthcare constraints and negative changes 
to children’s environments had adversely influenced chil-
dren’s HRQoL and behavioral outcomes for children with 
PMD, RTT and SYNGAP1-ID.

Methods

Study Background and Sample

For this study, 230 families with children diagnosed with 
PMD, RTT and SYNGAP1-ID completed self-report ques-
tionnaires in order to ascertain COVID-19 induced lifestyle 
changes or changes in their environments between July 2020 
and January 2021. The principal caregivers completed a 
questionnaire for proxy-assessed health status in children. 
Study participants were distributed as follows: 138 (60%) 
of the participants were diagnosed with PMD, 50 (22%) 
with SYNGAP1-ID and 42 with RTT (18%). The study was 
approved by the Baylor College of Medicine’s Institutional 
Review Board. A recruitment email provided access to an 
online Qualtrics survey through the following organizations: 
Phelan–McDermid Syndrome Foundation, RettSyndrome.
org, SYNGAP1 Foundation and SynGAP Research Fund, 
Inc. Participants had to read and understand English as 
well as have access to the Internet in order to complete the 
web-based questionnaire. All respondents were required to 
give their informed consent online prior to completing the 
questionnaire.
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Outcome Variables: HRQoL Variables 
and Problematic Behaviors

Our main dependent variables were children’s HRQoL and 
behavioral outcomes. HRQoL of the study’s participants was 
ascertained using the PedQLTM Version 4.0 Generic Core 
Scales self-report questionnaire. This instrument was devel-
oped to measure the main dimensions of health as well as 
role functioning (school/day care) Varni et al. (1999). The 
proxy (third person) version of the questionnaire contains 
23 items examining physical functioning (8 items), emo-
tional functioning (5 items), social functioning (5 items) and 
school functioning (5 items). Each item utilized a 5-point 
response scale (0 = never a problem; 1 = almost never a 
problem; 2 = sometimes a problem; 3 = often a problem; 
4 = almost always a problem). Items were reverse-scored 
and linearly transformed to a 0-100 scale (0 = 100, 1 = 75, 
2 = 50, 3 = 25, 4 = 0). Thus, higher scores indicate better 
HRQoL. For scale and total scores, the mean was computed 
as the sum across all items divided by the number of items 
answered. Furthermore, a psychosocial health summary 
score was calculated as the mean score over the number 
of items answered across the emotional, social, and school 
functioning scales. We considered the following behavioral 
outcomes: indicator variables which denoted that the child 
startled easily sometimes or often; that the child had angry 
outburst sometimes or often and if the child seemed in a 
daze sometimes or often during the COVID-19 outbreak.1

COVID‑19 Exposures

We designed a survey to investigate the association between 
the COVID-19 outbreak and the following domains: over-
all health, behaviors, school activities, access to health-
care, daily routine, as well as, basic household and medi-
cal expenses. Specific exposures of interest were indicator 
variables for: COVID-19 reduced caregiver’s mental health 
appointments; COVID-19 reduced access to medical health 
care services; during COVID-19 some money was left over; 
the child spent more than 2 hours outdoor each day dur-
ing the COVID-19 outbreak; the child had access to a yard 
or other outdoor space; the child had in-person, phone or 
video contact at least once per week; on average during the 
COVID-19 pandemic the child spent at least 3 hours per day 
playing computer games; on average since the COVID-19 
pandemic the child spent at least 3 hours per day watch-
ing TV; the child has been somewhat or very successful in 
completing the recommended homework during COVID-19. 
Furthermore, we used an interaction variable between time 

outdoors during COVID-19 of more than 2 hours each day 
and annual family income over $55 thousand (U.S. dollars) 
per year.

Covariates

Covariates included in the multivariable models were 
informed by previous theoretical or empirical models (Olson 
et al., 2021; Thomas et al., 2012; Larsson et al., 2005) and 
included: age at assessment (years), English as the main lan-
guage (yes (referent), no), caregiver’s highest educational 
qualification, marital status (married (referent), not married), 
race (white (referent), not white), and income.

Empirical Analyses

Differences in characteristics between children with PMD, 
SYNGAP1-ID and RTT were tested using the ANOVA test 
for continuous variables and Chi-squared test for categorical 
variables. ANOVA and Chi-squared tests had also been used 
to assess differences by diagnosis status related to COVID-
19 variables and HRQoL outcomes. Differences in PedQLTM 
scale, psychosocial and total scores, between children with 
PMD, SYNGAP1-ID and RTT were estimated using an 
ANOVA test under standard distributional assumptions. 
Finally, we performed separate multivariable regressions to 
explore the adjusted association between COVID-19 related 
factors on HRQoL measured using PedQLTM and clinically 
relevant outcomes. Furthermore, to test for the presence of 
indirect socio-economic effects moderating the association 
between time spent outdoors and children’s outcomes we 
examined the association of interaction variable between 
time outdoors during COVID-19 of 2 or more hours each 
day and annual family income over $55 thousand U.S. dol-
lars per year. Fixed effects multivariate regression analyses 
were performed where the type of diagnosis was modeled 
as fixed effects due to condition-specific behavioral effects 
by diagnosis, which corrected for the fixed unobserved het-
erogeneity within each diagnosis (PMD, SYNGAP1-ID and 
RTT). We used the Ordinary Least Squares (OLS) estimator 
to perform the multivariable regressions. Linear probability 
models were fitted to investigate the adjusted association 
between COVID-19 induced covariates and the probability 
of developing problematic behaviors.

The data was collected between July 2020 and January 
2021, and the response rate was not uniformly distributed 
across each day. However, the median participation rate was 
achieved on September 25, 2020. For the purpose of our 
study, we defined the early COVID-19 phase as the time 
between the start of data collection up to and including Sep-
tember 25, 2020, and the late COVID-19 phase after Sep-
tember 25, 2020 up to January 2021. We employed a 1 to 1 
random matching (Rothman, 2012; Stuart, 2010) to compare 

1 Appendix A provides questions used to define these dependent var-
iables.
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children’s outcomes during earlier and later phases of the 
outbreak across all diagnoses.

Furthermore, we estimated the impact of the later 
COVID-19 phase by randomly matching upon the clinical 
diagnosis as this type of matching has been shown as an 
effective method to control for clinical and behavioral pro-
files of disorders (Rothman, 2012; Stuart, 2010). Differences 
between the time before or on September 25, 2020, and after 
this date matched observations were ascertained using the 
Student t-test for unequal variances. However, due to small 
sample sizes this analysis was restricted for PMD children 
only. Differences between early and late groups were ascer-
tained using the Student t-test for unequal variances. Con-
fidence intervals (CI) were computed using bias-corrected 
and accelerated bootstrap method (BCa). Statistical analyses 
were conducted using Stata 16.0 (Stata Corp, College Sta-
tion, TX). P-values of 0.05 or less were considered statisti-
cally significant.

Results

Baseline Characteristics

Table 1 reports baseline characteristics of the study’s popu-
lation across each diagnosis. Of the 230 participants there 
were no differences found across diagnoses (138 with PMD, 
50 with SYNGAP1-ID and 42 with RTT) among the follow-
ing variables: child’s age, age at diagnosis, participation in 
early behavioral intervention, primary language spoken at 
home, caregiver’s marital status, race or ethnicity, caregiv-
er’s relationship to the child, and participation in the Special 
Supplemental Nutrition Program for Women, Infants, and 
Children (WIC) program.2 However, statistically signifi-
cant differences were recorded across diagnoses within the 
following domains: the child’s gender (p-value < 0.01) as 
expected because RTT mostly impacts girls, type of health 
insurance (p-value <0.01), and the estimated annual house-
hold income (p-value < 0.01). The overall evidence sug-
gested that the majority of socioeconomic covariates were 
largely balanced across diagnoses.

COVID‑19 Induced Environments & Problematic 
Behaviors

Tables 2 and 3 show the distribution of COVID-19 related 
covariates across each diagnosis. Statistically significant 

differences were detected across the diagnoses within mul-
tiple questions which ascertained the impact of COVID-19 
on lifestyle changes and problematic behaviors in children. 
Results showed statistical significance in relation to a child’s 
behavior’ when we asked if the child startled easily, had 
angry outburst, or seemed to be in a daze more often during 
the pandemic. For example, almost 90% of SYNGAP1-ID 
parents reported angry outbursts sometimes or often versus 
the other disorders where it was around 60%. Also, over 45% 
of SYNGAP1-ID parents reported their child startled easily, 
sometimes or often compared to PMD and RTT around 35%. 
Furthermore, almost 75% of SYNGAP1-ID parents reported 
their child seemed in a daze sometimes or often, followed 
by RTT around 66% and PMD 44%.

Additionally, we found statistical significance in a child’s 
behavior with regard to their time spent outdoors with 35% 
of individuals with RTT rarely going outside compared 
with 7% and 14% of SYNGAP1-ID and PMD respectively 
(Table 3). Moreover, we also found significance across 
genetic diagnoses in variables dealing with caregiver and 
family support, measuring whether or not a child had 
expressed fears that they, a parent or another close family 
member could contact and/or die from COVID-19.

HRQoL

Table 4 presents descriptive statistics for the PedsQL scale, 
psychosocial and total scores across PMD, SYNGAP1-ID 
and RTT. The evidence demonstrated that there were no sig-
nificant differences across the mean scores for school func-
tioning (PMD highest 57.12, followed by RTT (48.80) and 
SYNGAP1-ID 45.68). However, results showed that mean 
scores were significantly different for physical functioning 
(PMD 45.68, SYNGAP1-ID 41.50 followed by RTT 19.95, 
p-value < 0.01), emotional functioning (PMD 71.22, SYN-
GAP1-ID 62.03 followed by RTT 61.20, p-value <0.05), 
psychosocial functioning (PMD 60.65, RTT 53.00 followed 
by SYNGAP1-ID 51.71, p-value <0.05) and for the overall 
score (PMD 55.78, SYNGAP1-ID 48.20 followed by RTT 
41.67, p-value <0.01).

The Association Between COVID‑19 Induced 
Lifestyle Changes, Children’s HRQoL 
and Problematic Behaviors

Table 5 separately reports results from two models: one 
which assessed the adjusted association of COVID-19 
induced lifestyle changes and pre-specified clinical and 
sociodemographic covariates on total PedsQL score, and the 
other model which ascertained the association of COVID-
19 factors on psychosocial PedsQL scores only. We found 
that COVID-19 induced constraints related to caregivers’ 
mental health appointments was associated with a decrement 

2 WIC is a U.S. federal program that provides in-kind nutritional sup-
port for low-income pregnant and postpartum women and young chil-
dren, and it serves approximately half of all infants, over a quarter of 
pregnant and postpartum women (Oliveira, 2009).
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Table 1  Demographic Characteristics by Type of Genetic Diagnosis

For child’s age and age at diagnosis p-value is based on an ANOVA test. For other variables p-value is based on a Chi-squared test. WIC stands 
for The Special Supplemental Nutrition Program for Women, Infants, and Children

PMD SYNGAP1-ID RTT Total p-value

n (%) 138 (60.0) 50 (21.7) 42 (18.3) 230 (100.0)
Child’s age in years, mean (sd) 11.05 (5.71) 11.78 (5.02) 12.30 (4.57) 11.48 (5.33) 0.49
Age at diagnosis in years, mean (sd) 9.44 (4.47) 8.42 (4.76) 9.56 (4.54) 9.15 (4.55) 0.55
Gender, n (%)
Female 46 (46.9) 24 (51.1) 29 (96.7) 99 (56.6)
Male 52 (53.1) 23 (48.9) 1 (3.3) 76 (43.4) 0.00
Child received any type of early behavioral intervention, n (%)
No 46 (46.5) 21 (44.7) 14 (48.3) 81 (46.3)
Yes 53 (53.5) 26 (55.3) 15 (51.7) 94 (53.7) 0.95
Child’s COVID-19 status, n (%)
No 94 (96.9) 42 (97.7) 27 (93.1) 163 (96.4)
Yes 3 (3.1) 1 (2.3) 2 (6.9) 6 (3.6) 0.55
Child’s Health during COVID-19 , n (%)
Average 11 (12.1) 8 (19.0) 5 (19.2) 24 (15.1)
Excellent 37 (40.7) 14 (33.3) 9 (34.6) 60 (37.7)
Good 42 (46.2) 20 (47.6) 12 (46.2) 74 (46.5)
Terrible 1 (1.1) 0 (0.0) 0 (0.0) 1 (0.6) 0.87
Primary language spoken in home, n (%)
English 78 (77.2) 38 (80.9) 34 (91.9) 150 (81.1)
Other 18 (17.8) 7 (14.9) 2 (5.4) 27 (14.6)
Spanish 5 (5.0) 2 (4.3) 1 (2.7) 8 (4.3) 0.42
Estimated total annual household income, n (%)
Less than or equal to $34999 27 (27.6) 8 (17.0) 5 (13.9) 40 (22.1)
$35000–$74999 23 (23.5) 10 (21.3) 16 (44.4) 49 (27.1)
≥ $75000 48 (49.0) 29 (61.7) 15 (41.7) 92 (50.8) 0.04
Health insurance status?, n (%)
Medicaid AND Private 34 (34.3) 16 (34.0) 13 (36.1) 63 (34.6)
Medicaid and/or Medicare ONLY 15 (15.2) 7 (14.9) 12 (33.3) 34 (18.7)
No health insurance 15 (15.2) 1 (2.1) 0 (0.0) 16 (8.8) 0.01
Participation in Women Infant Children program, n (%)
No 79 (79.8) 40 (85.1) 24 (66.7) 143 (78.6)
Yes 20 (20.2)) 7 (14.9) 12 (33.3) 39 (21.4) 0.12
Caregiver’s marital status, n (%)
Divorced 5 (5.0) 6 (12.8) 4 (10.8) 15 (8.2)
Living with Partner 7 (7.0) 3 (6.4) 1 (2.7) 11 (6.0)
Married 83 (83.0) 37 (78.7) 31 (83.8) 151 (82.1)
Never Married 3 (3.0) 1 (2.1) 0 (0.0) 4 (2.2)
Separated 2 (2.0) 0 (0.0) 1 (2.7) 3 (1.6) 0.65
Caregiver’s race/ethnicity, n (%)
American Indian or Alaska Native 1 (1.0) 0 (0.0) 0 (0.0) 1 (0.5)
Asian 4 (4.0) 2 (4.3) 3 (8.3) 9 (4.9)
Black or African American 1 (1.0) 2 (4.3) 0 (0.0) 3 (1.6)
Other 6 (5.9) 2 (4.3) 1 (2.8) 9 (4.9)
White 89 (88.1) 41 (87.2) 32 (88.9) 162 (88.0) 0.72
Caregiver’s level of education, n (%)
< High School 11 (11.0) 3 (6.4) 3 (8.1) 17 (9.2)
College Degree 38 (38.0) 15 (31.9) 13 (35.1) 66 (35.9)
Graduate or Professional Degree 37 (37.0) 23 (48.9) 12 (32.4) 72 (39.1)
High School or GED equivalent 8 (8.0) 0 (0.0) 7 (18.9) 15 (8.2)
Technical School 6 (6.0) 6 (12.8) 2 (5.4) 14 (7.6) 0.08
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Table 2  Child’s Problematic Behaviors during COVID-19 Outbreak by Type of Genetic Diagnosis

PMD SYNGAP1-ID RTT Total p-value

n (%) 138 (60.0) 50 (21.7) 42 (18.3) 230 (100.0)
Since becoming aware of the COVID-19 outbreak, how often has your child
Seemed happy and satisfied with his/her life, n (%)
Not at all 1 (1.2) 0 (0.0) 0 (0.0) 1 (0.7)
Often 58 (69.9) 26 (70.3) 19 (67.9) 103 (69.6)
Sometimes 24 (28.9) 11 (29.7) 9 (32.1) 44 (29.7) 0.93
Had difficulty sleeping, n (%)
Not at all 30 (33.3) 9 (20.9) 5 (17.9) 44 (27.3)
Often 28 (31.1) 16 (37.2) 7 (25.0) 51 (31.7)
Sometimes 32 (35.6) 18 (41.9) 16 (57.1) 66 (41.0) 0.20
Startled easily, n (%)
Not at all 50 (63.3) 21 (53.8) 18 (64.3) 89 (61.0)
Often 16 (20.3) 2 (5.1) 8 (28.6) 26 (17.8)
Sometimes 13 (16.5) 16 (41.0) 2 (7.1) 31 (21.2) 0.00
Had angry outburst, n (%)
Not at all 36 (40.9) 3 (7.0) 11 (40.7) 50 (31.6)
Often 27 (30.7) 14 (32.6) 5 (18.5) 46 (29.1)
Sometimes 25 (28.4) 26 (60.5) 11 (40.7) 62 (39.2) 0.00
Seemed to have a sense of time slowing down, n (%)
Not at all 32 (60.4) 9 (36.0) 10 (66.7) 51 (54.8)
Often 11 (20.8) 8 (32.0) 2 (13.3) 21 (22.6)
Sometimes 10 (18.9) 8 (32.0) 3 (20.0) 21 (22.6) 0.26
Seemed in a daze, n (%)
Not at all 43 (53.8) 9 (25.7) 8 (33.3) 60 (43.2)
Often 9 (11.3) 2 (5.7) 4 (16.7) 15 (10.8)
Sometimes 28 (35.0) 24 (68.6) 12 (50.0) 64 (46.0) 0.01
Seemed to try to avoid thoughts and feelings about COVID-19, n (%)
Not at all 26 (76.5) 9 (69.2) 2 (66.7) 37 (74.0)
Often 2 (5.9) 0 (0.0) 0 (0.0) 2 (4.0)
Sometimes 6 (17.6) 4 (30.8) 1 (33.3) 11 (22.0) 0.74
Had distressing dreams, n (%)
Not at all 30 (73.2) 10 (58.8) 2 (28.6) 42 (64.6)
Often 4 (9.8) 1 (5.9) 2 (28.6) 7 (10.8)
Sometimes 7 (17.1) 6 (35.3) 3 (42.9) 16 (24.6) 0.13
Been distressed when he/she sees something that reminds him/her of COVID-19, 

n (%)
Not at all 33 (78.6) 10 (62.5) 5 (83.3) 48 (75.0)
Often 4 (9.5) 2 (12.5) 0 (0.0) 6 (9.4)
Sometimes 5 (11.9) 4 (25.0) 1 (16.7) 10 (15.6) 0.65
Did things that he/she had outgrown or acted younger than current age? n (%)
Not at all 44 (60.3) 20 (54.1) 13 (68.4) 77 (59.7)
Often 14 (19.2) 3 (8.1) 3 (15.8) 20 (15.5)
Sometimes 15 (20.5) 14 (37.8) 3 (15.8) 32 (24.8) 0.19
How successful has your child been in completing the recommended homeschool 

activities? n (%)
Not at all successful 28 (37.3) 12 (30.8) 6 (24.0) 46 (33.1)
Prefer not to answer 8 (10.7) 2 (5.1) 1 (4.0) 11 (7.9)
Somewhat successful 27 (36.0) 21 (53.8) 14 (56.0) 62 (44.6)
Very successful 12 (16.0) 4 (10.3) 4 (16.0) 20 (14.4) 0.42
 How stressful have these homeschool activities been for your child? n (%)
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of 14.5 points (95% CI − 27.26, − 1.82) in PedsQL total 
score and a decrement of 21.25 (95% CI − 35.76, − 7.25) in 
PedsQL psychosocial score. Empirical models identified the 
adjusted negative effect of a child watching at least 3 hours 
of TV per day on his/her HRQoL which was associated 
with a decrement of 13.76 in PedsQL total score (95% CI 
− 21.41, − 6.11) and a decrement of 12.88 (95% CI − 20.21, 
− 5.55) for PedsQL psychosocial score. However, if caregiv-
ers reported their child spent more than two hours outdoors 
per day, there was a positive association with PedsQL total 
score of 6.63 (95% CI − 0.69, 13.95) adjusted for all other 
covariates. Furthermore, we found that marital status and 
level of education were statistically significant predictors of 
PedsQL during the COVID-19 outbreak. We note here that 
other variables, while not statistically significant, were of 
the plausible direction.

Table 6 reports results from OLS models which assessed 
the association between COVID-19 factors and problematic 
behaviors. There was a positive association between a higher 
reported reduction in a caregiver’s mental health appoint-
ments due to COVID-19 and all three negative child out-
comes (startled easily, angry outburst and daze). Moreover, 
time spent outdoors was found to decrease the risk of angry 
outbursts and the child being in a daze. These two findings 
are consistent with previous results reported in Table 5 
which explored the association between COVID-19 induced 
lifestyle changes on HRQoL outcomes. Furthermore, the 
evidence showed that the interaction variable between 
spending more than 2 hours outdoors during COVID-19 
and annual family income over $55 thousand U.S. dollars 
per year was a statistical predictor for several variables. In 
particular, this interaction variable had a virtually identical 
relationship with the indicator for a child easily startling and 
had the indicator for a child’s angry outburst around − 0.19 
(95% CI − 0.35, − 0.02).

Early vs Late COVID‑19 on HRQoL and Problematic 
Behaviors

Table 7 reports results from comparing HRQoL outcomes 
and problematic behaviors by date of responses. This study 
started data collection in June, 2020; however, on Septem-
ber 25th, 2020, a little over half of respondents (55.7%) had 

completed the survey. The overall evidence in Table 7 shows 
that generally PedsQL scores were higher for the late phase 
vs early phase. Additionally, psychosocial functioning scores 
were 5.97 CI (95% CI − 0.22, 12.15) higher for respond-
ents during the later phase. Furthermore, the proportion of 
reported problematic behaviors decreased slightly by − 0.14 
(95% CI − 0.30, 0.02) for children who startled easily some-
times or often and by − 0.16 (95% CI − 0.32, 0.01) for 
children who seemed in a daze sometimes or often during 
COVID-19. Interestingly, when we repeated the analysis 
using September 5th as a cutoff date (as around 20% of the 
responses were received before this date) the associations 
provided greater contrast. Thus, psychosocial function-
ing scores were 7.71 CI (95% CI 0.71, 14.71) higher for 
respondents after September 5th and statistically significant 
at 5% and total PedsQL scores were 6.19 (95% CI − 0.94, 
13.32). We also found statistically significant decrements in 
the proportion of reports related to angry outburst − 0.31 
(95% CI − 0.48, − 0.15) and being in a daze − 0.26 (95% 
CI − 0.46, − 0.07). However, these analyses did not adjust 
for clinical diagnosis, and thus, for heterogeneity across the 
compared groups.

To control for heterogeneity across clinical profiles we 
randomly matched observations before and after September 
25th, upon clinical diagnosis.3 Given the sample size, we were 
only able to match PMD patients. Table 8 reports results from 
comparing early vs late COVID-19 HRQoL and problematic 
behaviors using a sample of 65 matched pairs with PMD. The 
evidence shows that total PedsQL scores were 8.14 higher 
(95% CI − 1.33, 17.62) for PMD respondents after September 
25, 2020. Similarly, emotional functioning scores were 11.61 
(95% CI 0.86, 22.37) higher but statistically significant at 5%, 
for PMD participants after September 25, 2020 and physical 
functioning score were 11.57 higher (95% CI − 0.52, 23.97) 

p-value is based on a Chi-squared test

Table 2  (continued)

PMD SYNGAP1-ID RTT Total p-value

Not at all stressful 18 (26.5) 5 (13.2) 6 (23.1) 29 (22.0)
Prefer not to answer 5 (7.4) 1 (2.6) 1 (3.8) 7 (5.3)
Somewhat stressful 24 (35.3) 22 (57.9) 12 (46.2) 58 (43.9)
Very stressful 21 (30.9) 10 (26.3) 7 (26.9) 38 (28.8) 0.40

3 Furthermore, we tested the hypothesis that PMD patients before 
and after the cutoff date were different in terms of socio-demographic 
covariates. Thus, a linear probability model was designed to predict 
before or after cutoff date participation status as a function of child’s 
age, sex, caregiver’s race, family income, primary language spoken at 
home. However, the evidence from a linear probability model showed 
that the socio-demographic covariates were not significant predictors 
of before or after the cutoff date participation status.
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Table 3  Child’s Environments during COVID-19 Outbreak by Type of Genetic Diagnosis

PMD SYNGAP1-ID RTT Total p-value

n (%) 138 (60.0) 50 (21.7) 42 (18.3) 230 (100.0)
How many hours per day does your child sit and watch TV or videos? n (%)
1 hour 8 (9.9) 6 (14.6) 4 (14.3) 18 (12.0)
2 hours 15 (18.5) 4 (9.8) 3 (10.7) 22 (14.7)
3 hours 11 (13.6) 9 (22.0) 2 (7.1) 22 (14.7)
4 hours 5 (6.2) 5 (12.2) 3 (10.7) 13 (8.7)
5 hours or more 22 (27.2) 10 (24.4) 12 (42.9) 44 (29.3)
Less than 1 hour 14 (17.3) 5 (12.2) 2 (7.1) 21 (14.0)
My child does not watch TV or videos 6 (7.4) 2 (4.9) 2 (7.1) 10 (6.7) 0.57
How many hours per day does your child use a computer or play computer? n (%)
1 hour 8 (9.9) 3 (7.0) 3 (10.7) 14 (9.2)
2 hours 10 (12.3) 4 (9.3) 2 (7.1) 16 (10.5)
3 hours 7 (8.6) 5 (11.6) 1 (3.6) 13 (8.6)
4 hours 5 (6.2) 5 (11.6) 0 (0.0) 10 (6.6)
5 hours or more 17 (21.0) 15 (34.9) 9 (32.1) 41 (27.0)
Less than 1 hour 11 (13.6) 6 (14.0) 5 (17.9) 22 (14.5)
My child does not have screen time on any devices 22 (27.2) 5 (11.6) 8 (28.6) 35 (23.0)
Prefer not to answer 1 (1.2) 0 (0.0) 0 (0.0) 1 (0.7) 0.55
How much in-person/phone/video contact has your child had with friends? n (%)
Don’t know 10 (12.5) 5 (11.6) 4 (14.3) 19 (12.6)
Every few days 25 (31.3) 11 (25.6) 8 (28.6) 44 (29.1)
Once per week 30 (37.5) 21 (48.8) 11 (39.3) 62 (41.1)
Prefer not to answer 5 (6.3) 2 (4.7) 0 (0.0) 7 (4.6)
Several times per day 10 (12.5) 4 (9.3) 5 (17.9) 19 (12.6) 0.85
Does your child have access to a yard or other outdoor space where you live? n 

(%)
No 7 (8.6) 2 (4.7) 4 (14.3) 13 (8.6)
Yes 74 (91.4) 41 (95.3) 24 (85.7) 139 (91.4) 0.37
How much time has your child spent outdoors each day during the COVID-19? n 

(%)
1 hour or less 17 (21.0) 11 (25.6) 10 (35.7) 38 (25.0)
1–2 hours 25 (30.9) 15 (34.9) 5 (17.9) 45 (29.6)
2–3 hours 16 (19.8) 10 (23.3) 3 (10.7) 29 (19.1)
>4 hours 12 (14.8) 4 (9.3) 0 (0.0) 16 (10.5)
Rarely went out 11 (13.6) 3 (7.0) 10 (35.7) 24 (15.8) 0.02
How much stress have you/your family experienced of potentially being exposed 

to COVID-19 n (%)
Don’t know 0 (0.0) 1 (2.3) 1 (3.6) 2 (1.3)
Not at all stressed 22 (27.2) 3 (7.0) 3 (10.7) 28 (18.4)
Somewhat stressed 32 (39.5) 23 (53.5) 10 (35.7) 65 (42.8)
Very stressed 27 (33.3) 16 (37.2) 14 (50.0) 57 (37.5) 0.04
How have your family finances worked out at the end of the month? n (%)
Just enough to make ends meet 24 (30.0) 18 (41.9) 13 (46.4) 55 (36.4)
Not enough to make ends meet 7 (8.8) 2 (4.7) 4 (14.3) 13 (8.6)
Prefer not to answer 2 (2.5) 3 (7.0) 0 (0.0) 5 (3.3)
Some money left over 47 (58.8) 20 (46.5) 11 (39.3) 78 (51.7) 0.20
How much the COVID-19 has changed your access to medical healthcare?  n (%)
Mild 24 (29.6) 19 (44.2) 9 (32.1) 52 (34.2)
Moderate. Delays or cancellations in appointments. 28 (34.6) 13 (30.2) 10 (35.7) 51 (33.6)
No change 27 (33.3) 6 (14.0) 8 (28.6) 41 (27.0)
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after the cutoff date. Furthermore, we also found statistically 
significant decrements in the proportion of reports that a child 
startled easily − 0.27 (95% CI − 0.49, − 0.05) among PMD 
respondents September 25, 2020.

Discussion

This is the first study to provide evidence regarding the 
association between COVID-19 induced lifestyle changes, 
HRQoL and problematic behaviors in children diagnosed 
with syndromic autism. The exposure-outcome relation-
ship was directly observed and the data structure enabled 
us to estimate the association between COVID-19 induced 
lifestyle changes on syndromic autistic children’s HRQoL 
and behaviors by using multivariate regression models and 
matching models. We documented HRQoL measured using 
PedQLTM and clinically relevant health outcomes in children 
diagnosed with syndromic autism (PMD, SYNGAP1-ID and 
RTT) along with the environment they experienced during 
the early phases of the COVID-19 pandemic. Furthermore, 
we estimated the association between COVID-19 induced 
factors and HRQoL with problematic behaviors using rich 
socioeconomically data. The data structure enabled us to 
identify the relationship between COVID-19 induced fac-
tors and HRQoL outcomes, as well as, clinically significant 

outcomes and correct for condition-specific unobserved het-
erogeneity by using fixed effects estimators. Furthermore, our 
study was able to contrast HRQoL outcomes during earlier 
and later phases of the outbreak using matching methods.

Our study focused on behavior problems and the mecha-
nisms around which environmental changes can impact the 
behaviors of children with syndromic ASD. The overall 
evidence in this study highlights that COVID-19 changes 
to lifestyles and environments primarily had negative con-
sequences for HRQoL and problematic behaviors in syn-
dromic autistic children. Specifically, the results indicated 
that COVID-19 reduced a caregiver’s mental health appoint-
ments, and the hours a child spent watching TV were associ-
ated with significant decreases in PedQLTM scores and with 
probability increase in problematic behaviors. On the other 
hand, there are positive impacts for HRQoL found in our 
results as well. Hours spent outdoors had a positive relation-
ship on HRQoL among children with PMD, SYNGAP1-ID 
and RTT and probability decrease in problematic behaviors. 
These findings demonstrate that COVID-19 induced factors 
had a consistent relationship across different measures uti-
lized to measure children’s outcomes during the pandemic. 
In other words, negative changes to lifestyles were consist-
ently shown to be associated with negative outcomes.

Our results showed how children’s outcomes may be exac-
erbated through caregiving stress during COVID-19 as the 
pandemic induced reduction of a caregiver’s mental health 

p-value is based on a Chi-squared test

Table 3  (continued)

PMD SYNGAP1-ID RTT Total p-value

Severe. Unable to access care resulting in moderate/severe impact on health. 2 (2.5) 5 (11.6) 1 (3.6) 8 (5.3) 0.10
How much the COVID-19 outbreak has changed your access to mental health? n 

(%)
Mild 19 (25.7) 15 (38.5) 8 (30.8) 42 (30.2)
Moderate. Delays or cancellations in appointments. 12 (16.2) 7 (17.9) 2 (7.7) 21 (15.1)
No change 36 (48.6) 13 (33.3) 13 (50.0) 62 (44.6)
Severe. Unable to access care resulting in moderate/severe impact on health. 7 (9.5) 4 (10.3) 3 (11.5) 14 (10.1) 0.64

Table 4  PedsQL Generic Core Scales Health-related Quality of Life Scores by Type of Genetic Diagnosis

p-value is based on a ANOVA test

PMD SYNGAP1-ID RTT Total p-value

n (%) 138 (60.0) 50 (21.7) 42 (18.3) 230 (100.0)
Physical functioning, mean (sd) 45.68 (27.22) 41.50 (23.75) 19.95 (16.68) 39.94 (26.28) 0.00
Emotional functioning, mean (sd) 71.22 (23.62) 62.03 (16.85) 61.20 (19.43) 66.76 (21.52) 0.03
Social functioning, mean (sd) 53.38 (24.00) 46.86 (24.37) 50.40 (15.74) 50.93 (22.95) 0.33
School functioning, mean (sd) 57.12 (28.73) 45.68 (22.56) 48.80 (27.77) 52.37 (27.25) 0.07
Psychosocial functioning, mean (sd) 60.65 (20.51) 51.71 (15.84) 53.00 (17.21) 56.68 (19.05) 0.02
Total Score, mean (sd) 55.78 (20.88) 48.20 (16.33) 41.67 (14.42) 51.10 (19.31) 0.00
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appointments were negatively associated with HRQoL in syn-
dromic ASD children. This is consistent with findings from 
the literature which links parental mental health and outcomes 
in children (Kamis, 2021; Pierce et al., 2020), however, as 
far as we are aware, the parental access to mental health 
care services was not previously directly linked to HRQoL 
in children during COVID-19. This is likely a fruitful area 
of further investigation. Moreover, our results imply that the 
cost-effectiveness analysis of novel interventions designed to 
ensure that access to health services continues during possible 
outbreaks should consider changes to children’s HRQoL.

Interestingly, we also found evidence to suggest that 
socio-economic effects might moderate the association 
between time spent outdoors and children’s outcomes 
as the interaction variable between time outdoors dur-
ing COVID-19 of more than 2 hours each day and annual 
family income over $55 thousand U.S. dollars per year was 

significant across several models. However, possible medi-
ating effects of socio-economic factors should be explored 
in future research. Furthermore, the evidence led us to 
conclude that the distribution of PedsQL scores is different 
across PMD, SYNGAP1-ID and RTT during the pandemic 
which is consistent with a previously reported finding Bol-
bocean et al. (2021). At the same time, HRQoL scores 
among PMD are higher compared to the other two genetic 
conditions which has also been previously observed.

Results demonstrated that children’s outcomes started 
to improve gradually at the end of the third quarter and 
leading into the fourth quarter of 2020. The strongest evi-
dence is provided by matched analysis of PMD patients 
whom experienced improvements in HRQoL and clini-
cally relevant behaviors. This is likely due to adjustments 
to new COVID-19 environments or to possible relaxation 
of pandemic-imposed restrictions. Future research should 

Table 5  Multivariable Analyses of proxy-assessed HRQoL Outcomes (OLS regression)

Notes: MH Appointment indicates COVID-19 reduced caregiver’s mental health appointments. Access Health indicates COVID-19 reduced 
access medical health care services. Finance indicates if during COVID-19 some money were left over. Time Outdoor indicates if child spent 
outdoors each day during COVID-19 more than 2 hours each day. Yard indicates if the child has access to a yard or other outdoor space. Human 
Contact indicates that a child had at least once per week in-person, phone or video contact. Computer Intensity indicates that on average since 
the COVID-19 the child spent playing computer games at least 3 hours per day. TV Intensity indicates that on average since the COVID-19 the 
child spent watching TV at least 3 hours per day. Homeschool indicates if child been somewhat or very successful in completing the recom-
mended homework during COVID-19. Income and Time Outdoor variable is an interaction between time outdoors during COVID-19 more than 
2 hours each day and annual family income over $55 thousand per year was significant across all models. Models adjusted for demographic con-
trols such as: caregiver’s marital status, education, race and income. Robust standard errors reported

Outcome Covariates � se(�) Lower 95% CI Upper 95% CI p-value

PedsQL Total RTT − 7.169 5.491 − 18.083 3.745 0.192
SYNGAP1-ID − 4.955 3.706 − 12.321 2.411 0.181
MH Appointment − 14.539 6.400 − 27.261 − 1.818 0.023
Access Health − 6.807 7.927 − 22.562 8.948 0.390
Finance − 0.589 3.251 − 7.051 5.872 0.856
Time Outdoor 6.632 3.682 − 0.687 13.950 0.072
Income and Time Outdoor 6.020 3.171 − 0.261 12.291 0.062
Yard − 0.445 6.849 − 14.059 13.169 0.948
Human Contact 4.564 3.369 − 2.131 11.260 0.175
Computer Intensity 2.147 3.854 − 5.512 9.807 0.577
TV Intensity − 13.761 3.850 − 21.414 − 6.108 0.000
Homeschool − 0.406 4.268 − 8.890 8.078 0.924

PedsQL Psychosocial RTT − 2.918 5.626 − 14.101 8.265 0.604
SYNGAP1-ID − 6.142 3.760 − 13.616 1.331 0.102
MH Appointment − 21.253 7.045 − 35.256 − 7.249 0.003
Access Health − 2.502 8.319 − 19.037 14.032 0.764
Finance − 0.288 3.484 − 7.213 6.637 0.934
Time Outdoor 3.571 3.634 − 3.652 10.794 0.326
Income and Time Outdoor 2.641 3.092 − 3.471 8.753 0.390
Yard − 3.109 7.373 − 17.763 11.545 0.673
Human Contact 2.253 3.477 − 4.657 9.164 0.517
Computer Intensity 0.656 3.630 − 6.559 7.872 0.857
TV Intensity − 12.880 3.688 − 20.211 − 5.549 0.000
Homeschool − 2.094 4.147 − 10.337 6.148 0.614



1010 Journal of Autism and Developmental Disorders (2023) 53:1000–1016

1 3

disentangle these two effects across early and later stages 
of the epidemic.

Methods employed and the findings from our study 
might provide an avenue to reconcile the seemingly conflic-
tive evidence regarding the overall impact of COVID-19 on 
children’s outcomes. In particular, this study demonstrates 
that HRQoL and behavioral outcomes reported earlier dur-
ing the pandemic were generally worse compared to those 
reported later. This implies that studies assessing the impact 
of COVID-19 on children’s outcomes might benefit from 
controlling for pandemic specific phases such as early vs 

late COVID-19 stages during data collection. From a clini-
cal perspective, controlled trials prospectively investigating 
either providing mental health appointments for parents of 
children with syndromic autism or promoting time spent out-
doors for these children warrant consideration based upon 
our findings.

Strengths and Limitations

The major strength of this study is the timely collection of 
rich and novel data during COVID-19 which ascertained 

Table 6  Multivariable Analyses 
of Problematic Behaviors (OLS 
regression)

Startled easily indicates that the child startled easily sometimes or often. Angry Outburst indicates that the 
child had angry outburst sometimes or often. Daze is an indicator if child seemed in a daze sometimes or 
often during COVID-19 outbreak

Outcome Covariates � se(�) Lower 95% CI Upper 95% CI p-value

Startled Easily RTT − 0.330 0.165 − 0.659 − 0.001 0.046
SYNGAP1-ID − 0.096 0.103 − 0.301 0.110 0.354
MH Appointment 0.644 0.210 0.226 1.062 0.002
Access Health 0.272 0.251 − 0.228 0.772 0.279
Finance − 0.202 0.108 − 0.417 0.013 0.062
Time Outdoor − 0.110 0.111 − 0.331 0.110 0.318
Income and Time Outdoor − 0.192 0.094 − 0.35. − 0.024 0.033
Yard − 0.132 0.259 − 0.647 0.384 0.611
Human Contact 0.028 0.092 − 0.154 0.210 0.758
Computer Intensity 0.056 0.122 − 0.186 0.298 0.646
TV Intensity 0.057 0.120 − 0.183 0.297 0.635
Homeschool − 0.008 0.118 − 0.243 0.228 0.949

Angry Outburst RTT 0.046 0.175 − 0.303 0.395 0.794
SYNGAP1-ID 0.242 0.083 0.078 0.406 0.003
MH Appointment 0.382 0.132 0.120 0.644 0.004
Access Health − 0.141 0.135 − 0.409 0.127 0.296
Finance − 0.193 0.089 − 0.370 − 0.017 0.029
Time Outdoor − 0.191 0.092 − 0.375 − 0.008 0.038
Income and Time Outdoor − 0.182 0.080 − 0.340 − 0.021 0.032
Yard 0.035 0.177 − 0.317 0.387 0.845
Human Contact − 0.007 0.086 − 0.177 0.164 0.937
Computer Intensity − 0.023 0.109 − 0.241 0.194 0.830
TV Intensity 0.069 0.109 − 0.148 0.286 0.527
Homeschool − 0.025 0.112 − 0.248 0.198 0.825

Daze RTT 0.372 0.177 0.019 0.724 0.035
SYNGAP1-ID 0.198 0.116 − 0.033 0.430 0.088
MH Appointment 0.619 0.222 0.175 1.062 0.005
Access Health − 0.150 0.261 − 0.669 0.370 0.565
Finance 0.010 0.108 − 0.205 0.225 0.928
Time Outdoor − 0.300 0.114 − 0.527 − 0.073 0.008
Income and Time Outdoor − 0.053 0.091 − 0.230 0.131 0.582
Yard 0.655 0.200 0.257 1.054 0.001
Human Contact − 0.014 0.102 − 0.217 0.189 0.890
Computer Intensity 0.066 0.132 − 0.197 0.329 0.618
TV Intensity 0.175 0.133 − 0.091 0.441 0.190
Homeschool − 0.110 0.127 − 0.364 0.144 0.389
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exposure-outcome relationships consistently across genetic 
disorders that strongly predispose children to syndromic 
ASD. Furthermore, we used different measures, HRQoL 
and observed behaviors, to assess the relationship between 
COVID-19 induced environments and children’s outcomes. 
Thus, we used validated and reliable HRQoL measures 
which are holistic constructs (Barile et al., 2013; Moriarty 
et al., 2003), that are highly correlated with widely used 
health metrics including morbidity, mortality, and healthcare 
and provide data required for comprehensive health econom-
ics, and policy evaluations for Drugs et al. (2006), Chim 
et al. (2010), and Excellence (2013). Furthermore, a high 
number of subjects with rare diseases is also a strength as 

the combined diagnosis matched sample of 230 individuals 
of HRQoL data during the COVID-19 pandemic.

We acknowledge the limitations of our findings. First, the 
present study used a cross-sectional design as the data on fam-
ily and children’s environments were only collected during the 
pandemic. Also, the sample of the study might not be repre-
sentative for all patients diagnosed with syndromic autism due 
to heterogeneity in clinical and behavioral profiles. Thus, rep-
lication of this study in other patients diagnosed with syndro-
mic autism such as fragile X syndrome,  MECP2 duplication 
syndrome would be a valuable contribution to the literature. 
The study’s limitations also include proxy (parent/caregiver) 
perspectives regarding a child’s HRQoL. This implies that 

Table 7  HRQoL and Problematic Behaviors by Early vs Late COVID-19

Startled easily indicates that the child startled easily sometimes or often. Angry Outburst indicates that the child had angry outburst sometimes 
or often. Daze is an indicator if child seemed in a daze sometimes or often during COVID-19 outbreak. p-value is based on Student t-test for 
unequal variances

Before September 25, 2020 After September 25, 2020 Difference SD Lower 95% CI Upper 95% CI p-value

n (%) 128 (55.7) 102 (44.3)
Physical Functioning, 

mean (95% CI)
39.64 (34.27; 45.01) 40.32 (33.52; 47.12) 0.68 4.36 − 7.94 9.30 0.88

Emotional Functioning, 
mean (95% CI)

63.80 (59.24; 68.36) 70.40 (65.13; 75.66) 6.60 3.54 − 0.39 13.60 0.06

Social Functioning, mean 
(95% CI)

48.50 (43.40; 53.60) 53.92 (48.48; 59.37) 5.42 3.82 − 2.13 12.97 0.16

School Functioning, mean 
(95% CI)

49.17 (43.79; 54.55) 56.31 (49.02; 63.59) 7.14 4.53 − 1.81 16.08 0.11

Psychosocial Functioning, 
mean (95% CI)

54.00 (50.07; 57.93) 59.97 (55.18; 64.76) 5.97 3.13 − 0.22 12.15 0.06

Total, mean (95% CI) 49.38 (45.44; 53.32) 53.24 (48.29; 58.19) 3.86 3.19 − 2.44 10.16 0.23
Startled Easily, mean (95% 

CI)
0.45 (0.34; 0.56) 0.31 (0.20; 0.43) − 0.14 0.08 − 0.30 0.02 0.09

Angry Outburst, mean 
(95% CI)

0.73 (0.63; 0.82) 0.63 (0.51; 0.74) − 0.10 0.07 − 0.25 0.05 0.19

Daze, mean (95% CI) 0.64 (0.53; 0.75) 0.48 (0.36; 0.61) − 0.16 0.08 − 0.32 0.01 0.06
Before September 5, 2020 After September 5, 2020

n (%) 47 (20.4) 183 (79.6)
Physical Functioning, 

mean (95% CI)
37.99 (30.96; 45.02) 40.62 (35.45; 45.78) 2.62 4.96 − 7.17 12.42 0.60

Emotional Functioning, 
mean (95% CI)

61.25 (56.18; 66.32) 68.68 (64.38; 72.98) 7.43 4.02 − 0.52 15.38 0.06

Social Functioning, mean 
(95% CI)

46.58 (39.14; 54.02) 52.48 (48.18; 56.78) 5.90 4.32 − 2.64 14.44 0.17

School Functioning, mean 
(95% CI)

44.43 (37.44; 51.41) 55.09 (49.72; 60.47) 10.67 5.13 0.52 20.81 0.04

Psychosocial Functioning, 
mean (95% CI)

50.96 (46.27; 55.66) 58.67 (54.92; 62.43) 7.71 3.54 0.71 14.71 0.03

Total, mean (95% CI) 46.50 (41.87; 51.13) 52.69 (48.86; 56.52) 6.19 3.61 − 0.94 13.32 0.09
Startled Easily, mean (95% 

CI)
0.45 (0.34; 0.56) 0.31 (0.20; 0.43) − 0.07 0.10 − 0.26 0.12 0.49

Angry Outburst, mean 
(95% CI)

0.73 (0.63; 0.82) 0.63 (0.51; 0.74) − 0.31 0.08 − 0.48 − 0.15 0.00

Daze, mean (95% CI) 0.64 (0.53; 0.75) 0.48 (0.36; 0.61) − 0.26 0.10 − 0.46 − 0.07 0.01
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reported estimates might be impacted by bias due to proxy 
parental reporting of children’s HRQoL as the evidence shows 
that caregivers tend to underestimate the HRQoL of their chil-
dren compared with a child’s self-report (Wolke, 2016; Ver-
rips et al., 2001). COVID-19 questions had not been fully 
validated when the data was collected which is also a limita-
tion. Furthermore, due to the nature of data collection we were 
not able to confirm the genetic diagnosis in each participant. 
Despite the data from our study sample deriving from socio-
economically diverse populations of patients the sample is not 
diverse in terms of race/ethnicity and family make-up. Thus, 
reported results might not be generalizable to more diverse 
samples. Finally, the empirical methods used may not fully 
control for selection effects caused by non-random participa-
tion in our data collection. Thus, the reported empirical rela-
tionships are not necessarily causal.

Conclusions and Implications

The findings of this study have a number of implications 
for HRQoL and the living environments for children with 
syndromic autism, as well as, for autistic children more gen-
erally. The results of our study imply that caregiver access to 
mental health treatments must continue despite challenges 
imposed by an outbreak. This is particularly urgent given 
the recent evidence which shows that caregivers’ stress and 
anxiety levels might be directly linked to HRQoL outcomes 
in children (Spinelli et al., 2020; Ueda et al., 2021). Thus, 
it is imperative to design novel targeted interventions such 
as telehealth and integrated artificial intelligence systems 
aimed at ensuring that access to health services continues 
during potential future outbreaks.

Our study shows that time spent outdoors and time watch-
ing TV had opposite effects on HRQoL and on problematic 
behaviors in ASD children. Consequently, interventions 
incentivizing time outdoors and supporting play time out-
doors might meaningfully improve HRQoL in children with 
syndromic autism. Understanding specific outdoor activities 
and their contribution to HRQoL among children with syn-
dromic autism might be another fruitful area of investiga-
tion. Further studies conducted from multiple perspectives 
are needed to understand the mechanisms of HRQoL out-
comes in children with syndromic autism. Our study demon-
strates that HRQoL and behavioral outcomes reported ear-
lier during the pandemic were generally worse compared to 
those reported later. While our models are not able to fully 
explain those results, these findings might suggest evidence 
of adaptive response due to psychological coping mecha-
nisms which should be explored in future research.

Overall, our study implies that COVID-19-type meas-
ures aimed at stopping the transmissibility of infections will 
likely result in negative lifestyle changes associated with 
decrements in HRQoL and increase the likelihood of prob-
lematic behaviors in children with syndromic ASD. How-
ever, certain restrictions might increase activities which are 
likely to have a positive impact on children’s HRQoL and 
behaviors such as time spent outdoors. Strategies aimed at 
increasing time outdoors or time away from digital devices 
might protect ASD children from harmful consequences of 
restrictions to prevent the spread of respiratory infections.

Appendix: COVID‑19 Questions

See Table 9. 

Table 8  HRQoL and Problematic Behaviors by Early vs Late COVID-19: Matched Analysis for PMD Patients

Startled easily indicates that the child startled easily sometimes or often. Angry Outburst indicates that the child had angry outburst sometimes 
or often. Daze is an indicator if child seemed in a daze sometimes or often during COVID-19 outbreak. p-value is based on Student t-test for 
unequal variances

Before September 25 After September 25 Difference SD Lower 95% CI Upper 95% CI p-value

n (%) 65 (50.0) 65 (50.0)
Physical Functioning, mean (95% CI) 39.99 (31.02; 48.97) 51.57 (43.33; 59.81) 11.57 6.17 − 0.52 23.67 0.06
Emotional Functioning, mean (95% 

CI)
64.85 (56.17; 73.53) 76.46 (70.04; 82.89) 11.61 5.40 0.86 22.37 0.03

Social Functioning, mean (95% CI) 52.19 (44.19; 60.18) 55.61 (47.91; 63.31) 3.42 5.72 − 7.99 14.84 0.55
School Functioning, mean (95% CI) 53.33 (45.05; 61.62) 61.22 (51.79; 70.65) 7.88 6.46 − 4.77 20.55 0.22
Psychosocial Functioning, mean (95% 

CI)
56.99 (50.20; 63.79) 64.43 (58.27; 70.59) 8.14 4.79 − 1.25 17.54 0.09

Total, mean (95% CI) 51.87 (44.99; 58.75) 60.02 (53.73; 66.30) 8.14 4.75 − 1.33 17.62 0.09
Startled Easily, mean (95% CI) 0.51 (0.35; 0.68) 0.24 (0.10; 0.38) − 0.27 0.11 − 0.49 − 0.05 0.01
Angry Outburst, mean (95% CI) 0.59 (0.43; 0.75) 0.61 (0.47; 0.76) 0.02 0.11 − 0.19 0.24 0.83
Daze, mean (95% CI) 0.54 (0.38; 0.71) 0.39 (0.24; 0.54) − 0.15 0.11 − 0.38 0.08 0.18
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Table 9  COVID-19 Questions

Questions

Since becoming aware of the COVID-19 outbreak, how often has your child: seemed in a daze
Not at all
Often
Sometimes
Since becoming aware of the COVID-19 outbreak, how often has your child: startled easily
Not at all
Often
Sometimes
Since becoming aware of the COVID-19 outbreak, how often has your child: had angry outburst
Not at all
Often
Sometimes
Since becoming aware of the COVID-19 outbreak, how often has your child: had difficulty sleeping
Not at all
Often
Sometimes
Does your child have access to a yard or other outdoor space where you live for outdoor play?
Yes
No
On average, how much time has your child spent outdoors each day during the COVID-19 outbreak?
1 hour or less
1-2 hours
2-3 hours
>4 hours
Rarely went out
Since the COVID-19 outbreak began, on average, how many hours per day does your child sit and watch T.V. or videos? Please exclude school 

based activities.
1 hour
2 hours
3 hours
4 hours
5 hours or more
Less than 1 hour
My child does not watch T.V. or videos
Since the COVID-19 outbreak began, on average, how many hours per day does your child use a computer or play computer games, portable 

video games? Please exclude school based activities.
1 hour
2 hours
3 hours
4 hours
5 hours or more
Less than 1 hour
My child does not have screen time on any devices
Prefer not to answer
On average, how much in-person, phone, or video contact has your child had with family/friends outside of the household during COVID-

related school closures?
Several times per day
Don’t know



1014 Journal of Autism and Developmental Disorders (2023) 53:1000–1016

1 3

Acknowledgments We are grateful to the families that participated in 
this study. We are thankful to Phelan-McDermid Syndrome Founda-
tion, RettSyndrome.org, SYNGAP1 Foundation and SynGAP Research 
Fund, Inc. JH gratefully acknowledges funding support from the Rob-
bins Foundation and Mr. Charif Souki.

Author Contributions CB conceptualized and designed the study, ana-
lyzed the data, interpreted the data, interpreted results and drafted and 
edited the article. JLH: conceptualized the study, interpreted the data, 
interpreted results and critically revised the article. KBR: contributed 
to data acquisition, interpretation of results and critically revised the 
article. BS: contributed to data acquisition, edited the manuscript. MM: 
contributed to data acquisition, edited the manuscript. All authors 
approved the final version for publication.

Declarations 

Conflict of interest None.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Achterberg, M., Dobbelaar, S., Boer, O. D., & Crone, E. A. (2021). Per-
ceived stress as mediator for longitudinal effects of the covid-19 
lockdown on wellbeing of parents and children. Scientific Reports, 
11(1), 1–14.

Barile, J. P., Reeve, B. B., Smith, A. W., Zack, M. M., Mitchell, S. 
A., Kobau, R., Cella, D. F., Luncheon, C., & Thompson, W. W. 
(2013). Monitoring population health for healthy people 2020: 
Evaluation of the nih promisⓇ global health, cdc healthy days, 
and satisfaction with life instruments. Quality of Life Research, 
22(6), 1201–1211.

Benvenuto, A., Moavero, R., Alessandrelli, R., Manzi, B., & Curatolo, 
P. (2009). Syndromic autism: Causes and pathogenetic pathways. 
World Journal of Pediatrics, 5(3), 169–176.

Berryer, M. H., Hamdan, F. F., Klitten, L. L., Møller, R. S., Carmant, 
L., Schwartzentruber, J., Patry, L., Dobrzeniecka, S., Rochefort, 
D., Neugnot-Cerioli, M., et al. (2013). Mutations in syngap1 cause 
intellectual disability, autism, and a specific form of epilepsy by 
inducing haploinsufficiency. Human Mutation, 34(2), 385–394.

Bolbocean, C., Andújar, F. N., McCormack, M., Suter, B., & Holder, J. 
L. (2021). Health-related quality of life in pediatric patients with 
syndromic autism and their caregivers. Journal of Autism and 
Developmental Disorders, 1, 1–12.

Bruining, H., Bartels, M., Polderman, T. J., & Popma, A. (2021). 
Covid-19 and child and adolescent psychiatry: An unexpected 
blessing for part of our population? European Child & Adolescent 
Psychiatry, 30(7), 1139–1140.

Chim, L., Kelly, P. J., Salkeld, G., & Stockler, M. R. (2010). Are cancer 
drugs less likely to be recommended for listing by the pharmaceu-
tical benefits advisory committee in australia? Pharmacoeconom-
ics, 28(6), 463–475.

Colizzi, M., Sironi, E., Antonini, F., Ciceri, M. L., Bovo, C., & Zoc-
cante, L. (2020). Psychosocial and behavioral impact of covid-19 
in autism spectrum disorder: An online parent survey. Brain Sci-
ences, 10(6), 341.

Courtenay, K., & Perera, B. (2020). Covid-19 and people with intel-
lectual disability: Impacts of a pandemic. Irish Journal of Psy-
chological Medicine, 37(3), 231–236.

De Rubeis, S., Siper, P. M., Durkin, A., Weissman, J., Muratet, F., 
Halpern, D., del Pilar Trelles, M., Frank, Y., Lozano, R., Wang, 
A. T., et al. (2018). Delineation of the genetic and clinical spec-
trum of phelan-mcdermid syndrome caused by shank3 point 
mutations. Molecular Autism, 9(1), 1–20.

den Houting, J. (2020). Stepping out of isolation: Autistic people 
and covid-19.

Ehrler, M., Werninger, I., Schnider, B., Eichelberger, D. A., Naef, 
N., Disselhoff, V., Kretschmar, O., Hagmann, C. F., Latal, B., 
& Wehrle, F. M. (2021). Impact of the covid-19 pandemic on 
children with and without risk for neurodevelopmental impair-
ments. Acta Paediatrica, 110(4), 1281–1288.

Eshraghi, A. A., Li, C., Alessandri, M., Messinger, D. S., Eshraghi, 
R. S., Mittal, R., & Armstrong, F. D. (2020). Covid-19: Over-
coming the challenges faced by individuals with autism and 
their families. The Lancet Psychiatry, 7(6), 481–483.

Excellence, C. (2013). Guide to the methods of technology appraisal 
2013 [internet].

for Drugs, C. A., in Health, T., et al. (2006). Guidelines for the eco-
nomic evaluation of health technologies: Canada.

Table 9  (continued)

Questions

Every few days
Once per week
Less than 1 hour
Prefer not to answer
In general, how successful has your child been in completing the recommended homeschool activities?
Not at all successful
Prefer not to answer
Somewhat successful
Very successful

http://creativecommons.org/licenses/by/4.0/


1015Journal of Autism and Developmental Disorders (2023) 53:1000–1016 

1 3

Holder Jr, J. L., Hamdan, F. F., and Michaud, J. L. (2019). Syngap1-
related intellectual disability.

Jimenez-Gomez, A., Niu, S., Andujar-Perez, F., McQuade, E. A., 
Balasa, A., Huss, D., Coorg, R., Quach, M., Vinson, S., Risen, 
S., et al. (2019). Phenotypic characterization of individuals 
with syngap1 pathogenic variants reveals a potential correlation 
between posterior dominant rhythm and developmental progres-
sion. Journal of Neurodevelopmental Disorders, 11(1), 1–11.

Kamis, C. (2021). The long-term impact of parental mental health on 
children’s distress trajectories in adulthood. Society and Mental 
Health, 11(1), 54–68.

Kaufmann, W., Tierney, E., Rohde, C., Suarez-Pedraza, M., Clarke, 
M., Salorio, C., Bibat, G., Bukelis, I., Naram, D., Lanham, D., 
et al. (2012). Social impairments in rett syndrome: Character-
istics and relationship with clinical severity. Journal of Intel-
lectual Disability Research, 56(3), 233–247.

Koenig, J., Kohls, E., Moessner, M., Lustig, S., Bauer, S., Becker, 
K., Thomasius, R., Eschenbeck, H., Diestelkamp, S., Gillé, V., 
et al. (2021). The impact of covid-19 related lockdown measures 
on self-reported psychopathology and health-related quality of 
life in German adolescents. European Child & Adolescent Psy-
chiatry, 1, 1–10.

Larsson, H. J., Eaton, W. W., Madsen, K. M., Vestergaard, M., 
Olesen, A. V., Agerbo, E., Schendel, D., Thorsen, P., & 
Mortensen, P. B. (2005). Risk factors for autism: Perinatal fac-
tors, parental psychiatric history, and socioeconomic status. 
American Journal of Epidemiology, 161(10), 916–925.

Liu, J. J., Bao, Y., Huang, X., Shi, J., & Lu, L. (2020). Mental health 
considerations for children quarantined because of covid-19. 
The Lancet Child & Adolescent Health, 4(5), 347–349.

Lugo-Marín, J., Gisbert-Gustemps, L., Setien-Ramos, I., Español-
Martín, G., Ibañez-Jimenez, P., Forner-Puntonet, M., Arteaga-
Henríquez, G., Soriano-Día, A., Duque-Yemail, J. D., & Ramos-
Quiroga, J. A. (2021). Covid-19 pandemic effects in people with 
autism spectrum disorder and their caregivers: Evaluation of 
social distancing and lockdown impact on mental health and gen-
eral status. Research in Autism Spectrum Disorders, 83, 101757.

Masi, A., Mendoza Diaz, A., Tully, L., Azim, S. I., Woolfenden, S., 
Efron, D., & Eapen, V. (2021). Impact of the covid-19 pandemic 
on the well-being of children with neurodevelopmental disabili-
ties and their parents. Journal of Paediatrics and Child Health, 
57(5), 631–636.

Moriarty, D. G., Zack, M. M., & Kobau, R. (2003). The centers for 
disease control and prevention’s healthy days measures-population 
tracking of perceived physical and mental health over time. Health 
and Quality of Life Outcomes, 1(1), 1–8.

Morris, P. O., Hope, E., Foulsham, T., & Mills, J. P. (2021). Parent-
reported social-communication changes in children diagnosed 
with autism spectrum disorder during the covid-19 pandemic in 
the UK. International Journal of Developmental Disabilities, 1, 
1–15.

Mouillet, G., Falcoz, A., Fritzsch, J., Almotlak, H., Jacoulet, P., Pivot, 
X., Villanueva, C., Mansi, L., Kim, S., Curtit, E., et al. (2021). 
Feasibility of health-related quality of life (hrqol) assessment 
for cancer patients using electronic patient-reported outcome 
(epro) in daily clinical practice. Quality of Life Research, 30(11), 
3255–3266.

Neul, J. L. (2012). The relationship of rett syndrome and mecp2 dis-
orders to autism. Dialogues in Clinical Neuroscience, 14(3), 253.

Nguyen, M. H., Huang, F. F., & O’Neill, S. G. (2021). Patient-reported 
outcomes for quality of life in sle: Essential in clinical trials and 
ready for routine care. Journal of Clinical Medicine, 10(16), 3754.

Oberman, L. M., Boccuto, L., Cascio, L., Sarasua, S., & Kaufmann, 
W. E. (2015). Autism spectrum disorder in phelan-mcdermid syn-
drome: Initial characterization and genotype-phenotype correla-
tions. Orphanet Journal of Rare Diseases, 10(1), 1–9.

Oliveira, V. J. (2009). The WIC program: Background, trends, and 
economic issues (Vol. 73). New York: DIANE.

Olson, L., Kinnear, M., Chen, B., Reynolds, S., Ibarra, C., Wang, T., 
Linke, A., & Fishman, I. (2021). Socioeconomic factors account 
for variability in language skills in preschoolers with autism spec-
trum disorders. Journal of Developmental and Behavioral Pedi-
atrics: JDBP, 42(2), 101.

Pais-Ribeiro, J. (2004). Quality of life is a primary end-point in clinical 
settings. Clinical Nutrition, 23(1), 121–130.

Pellicano, E., Brett, S., den Houting, J., Heyworth, M., Magiati, I., 
Steward, R., Urbanowicz, A., & Stears, M. (2021). Covid-19, 
social isolation and the mental health of autistic people and their 
families: A qualitative study. Social Isolation and the Mental 
Health of Autistic People and Their Families: A Qualitative Study.

Pellicano, E., & Stears, M. (2020). The hidden inequalities of covid-19.
Phelan, K., Rogers, R. C., & Boccuto, L. (2018). Phelan-mcdermid 

syndrome. GeneReviewsⓇ[internet].
Pierce, M., Abel, K. M., Muwonge, J., Jr., Wicks, S., Nevriana, A., 

Hope, H., Dalman, C., & Kosidou, K. (2020). Prevalence of paren-
tal mental illness and association with socioeconomic adversity 
among children in Sweden between 2006 and 2016: A population-
based cohort study. The Lancet Public Health, 5(11), e583–e591.

Rothman, K. J. (2012). Epidemiology: An introduction. Oxford: Oxford 
University Press.

Singh, S., Roy, M. D., Sinha, C. P. T. M. K., Parveen, C. P. T. M. S., 
Sharma, C. P. T. G., & Joshi, C. P. T. G. (2020). Impact of covid-
19 and lockdown on mental health of children and adolescents: 
A narrative review with recommendations. Psychiatry Research, 
1, 113429.

Spinelli, M., Lionetti, F., Pastore, M., & Fasolo, M. (2020). Parents’ 
stress and children’s psychological problems in families facing 
the covid-19 outbreak in Italy. Frontiers in Psychology, 11, 1713.

Stuart, E. A. (2010). Matching methods for causal inference: A review 
and a look forward. Statistical Science: A Review Journal of the 
Institute of Mathematical Statistics, 25(1), 1.

Summers, J., Baribeau, D., Mockford, M., Goldhopf, L., Ambrozewicz, 
P., Szatmari, P., & Vorstman, J. (2021). Supporting children with 
neurodevelopmental disorders during the covid-19 pandemic. 
Journal of the American Academy of Child and Adolescent Psy-
chiatry, 60, 1.

Sztainberg, Y., & Zoghbi, H. Y. (2016). Lessons learned from study-
ing syndromic autism spectrum disorders. Nature Neuroscience, 
19(11), 1408–1417.

Thomas, P., Zahorodny, W., Peng, B., Kim, S., Jani, N., Halperin, W., 
& Brimacombe, M. (2012). The association of autism diagnosis 
with socioeconomic status. Autism, 16(2), 201–213.

Tian-hui, C., Lu, L., Michael, M. K., et al. (2005). A systematic review: 
How to choose appropriate health-related quality of life (hrqol) 
measures in routine general practice? Journal of Zhejiang Uni-
versity Science B, 6(9), 936–940.

Ueda, R., Okada, T., Kita, Y., Ozawa, Y., Inoue, H., Shioda, M., et al. 
(2021). The quality of life of children with neurodevelopmen-
tal disorders and their parents during the coronavirus disease 19 
emergency in japan. Scientific Reports, 11(1), 1–8.

Varni, J. W., Seid, M., & Rode, C. A. (1999). The pedsqlTM : measure-
ment model for the pediatric quality of life inventory. Medical 
Care, 1, 126–139.

Verrips, G., Stuifbergen, M., Den Ouden, A., Bonsel, G., Gemke, R., 
Paneth, N., & Verloove-Vanhorick, S. (2001). Measuring health 
status using the health utilities index: Agreement between raters 
and between modalities of administration. Journal of Clinical 
Epidemiology, 54(5), 475–481.

Vlaskamp, D. R., Shaw, B. J., Burgess, R., Mei, D., Montomoli, M., 
Xie, H., Myers, C. T., Bennett, M. F., XiangWei, W., Williams, D., 
et al. (2019). Syngap1 encephalopathy: A distinctive generalized 



1016 Journal of Autism and Developmental Disorders (2023) 53:1000–1016

1 3

developmental and epileptic encephalopathy. Neurology, 92(2), 
e96–e107.

Wolke, D. (2016). Born extremely low birth weight and health related 
quality of life into adulthood. The Journal of Pediatrics, 179, 
11–12.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	COVID-19 Induced Environments, Health-Related Quality of Life Outcomes and Problematic Behaviors: Evidence from Children with Syndromic Autism Spectrum Disorders
	Abstract
	Introduction
	Methods
	Study Background and Sample
	Outcome Variables: HRQoL Variables and Problematic Behaviors
	COVID-19 Exposures
	Covariates
	Empirical Analyses

	Results
	Baseline Characteristics
	COVID-19 Induced Environments & Problematic Behaviors
	HRQoL
	The Association Between COVID-19 Induced Lifestyle Changes, Children’s HRQoL and Problematic Behaviors
	Early vs Late COVID-19 on HRQoL and Problematic Behaviors

	Discussion
	Strengths and Limitations
	Conclusions and Implications

	Acknowledgments 
	References




