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a b s t r a c t

Background: The lockdowns during the COVID-19 pandemic created major obstacles for individuals with
disabilities to obtain support in their daily living.
Objectives: This study was to examine the psychological and behavioral responses of US individuals with
mobility and/or self-care disabilities during the pandemic.
Methods: From a nationally representative longitudinal survey (n¼ 6403) administered during the
pandemic, individuals were classified at baseline as having no mobility/self-care disability (ADL¼ 0,
n¼ 4975), mobility or self-care disability (ADL¼ 1, n¼ 1061), and both mobility and self-care disabilities
(ADL¼ 2, n¼ 367). Weighted mean of baseline mental distress scores (PHQ4), psychological risk factors
(loneliness, stress, perceived COVID risk), resilience, and coping were compared among these groups.
Random effects models were employed to assess the effects of disability and disability-moderated effects
of risk factors on mental distress.
Results: At baseline, mental distress increased with greater ADL disabilities (Mean[95%CI]¼ 1.88[1.77,
1.98], 2.54[2.29, 2.79], and 3.55[3.01, 4.08] for ADL¼ 0, 1, and 2, respectively, p< .0001). Loneliness,
stress, and perceived risk increased with ADL disabilities, but resilience and social coping decreased with
it (p's< 0.0001). In the random-effects models, greater ADL disabilities, higher psychological risks, and
use of cannabis and other recreational drugs were associated with greater mental distress. Greater ADL
disabilities augmented the detrimental effects of risk factors on mental health, but resilience protected
mental health both independently and through a buffering effect on its risk factors across all groups.
Conclusion: Individuals with mobility and/or self-care disability tend to have poorer mental health and
are differentially more affected by its risk factors. Mental health professionals should address these
modifiable factors in interventions.

© 2021 Elsevier Inc. All rights reserved.
More than one billion people are living with disabilities
worldwide.1 In the US, one in every four noninstitutionalized adults
reported some kind of disability.2 These individuals may be
disproportionately affected by the COVID-19 pandemic due to their
elevated risks of morbidity and mortality, access barriers to health
care, greater unmet health needs, and discriminatory laws and
stigma.1 They tend to have multiple comorbidities and live in
congregate settings, both of which may increase their risk of
infection.3e5 In addition, the lockdowns, social distancing, and self-
isolation may have created major obstacles for these individuals to
receive routine health care and instrumental support critical for
their daily living. For instance, self-isolation is not practical for in-
dividuals who rely on caregivers in daily life. Interruptions and
discontinuation of physical therapies for people in need of reha-
bilitation are likely to cause functional declines in these in-
dividuals.6 People with physical disabilities reported cessation of
home-based physiotherapy, lack of access to hospital care and
medications, and change in usual care, in addition to restrictions to
acquisition of goods and services and transportation for daily ac-
tivities during the pandemic.7 Those infected with COVID may
experience disabling post-COVID effects, such as their newly ac-
quired disabilities due to inadequate health care, organ damage, or
mental disorder induced by COVID infection.6
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The COVID-19 pandemic has led to elevated psychological
distress worldwide.8,9 The mental health is exacerbated by neces-
sary containment measures such as physical distancing, self-
isolation, and social and economic factors, especially for those
with limited access to economic and social resources.10 Individuals
with disability were at an increased risk of social isolation and
loneliness, and this was magnified during the pandemic when so-
cial restrictions were implemented and social support was dimin-
ished as a result.10,11 This may cause long-term detrimental health
effects. For example, changes have been observed in emotional
responses, behavioral disturbances, mood swings, and sleep prob-
lems among those with physical disabilities during the pandemic.7

In addition, people with disability may be advised to implement
stricter social distancing guidelines since they often have other
chronic health conditions and are at greater risk for infections and
complications. Those who rely on a caregiver for assistance with
daily living activities are more likely to become a victim of abuse
due to less availability of backup caregivers as a consequence of
social distancing and quarantine rules and lack of a reliable (in-
person) private channel to report these cases during the
pandemic.12 Interpersonal violence is also linked to an array of
mental illnesses including depression and posttraumatic
symptoms.13,14

Individuals with high resilience tend to use adaptive coping
skills and thus fare better on mental health in the pandemic.
Resilience refers to positive adaption in the face of significant
adversity.15 Resilience level in a US sample declined significantly
during the pandemic compared to data reported before the
pandemic.16 Those with lower resilience reported most significant
increase in mental distress.17 Nearly half of individuals living with
disability had depression symptoms and generalized anxiety dis-
order symptoms in Ethiopia in face of the pandemic, and a similar
proportion (47%) were low resilient copers to their psychopathol-
ogy.18 Similar research is needed in other regions of the world. In
addition to the direct mental health benefit, resilience also buffered
the adverse effect of stress on depression.19 A study of family
members of individuals with special educational needs and
disability reported that those with higher levels of resilience and
meaning in life experienced less anxiety during the COVID-19
pandemic.20 These family members may have activated resilient
coping strategies to maintain their mental health.

In terms of coping, it has been shown that adaptive coping style,
characterized by behavioral responses that minimize the physical,
psychological or social harm of a situation,21 was also shown to be
protective against psychotic symptomatology in a Chinese sample
during the pandemic.22 Passive coping (i.e., helplessness, avoid-
ance, or blaming), in contrast, was associated with psychopathol-
ogy. Individuals with disabilities reported using substance and
alcohol to cope with distress and anxiety before the pandemic, and
such tendency may be exacerbated during the pandemic when
routine health care needs, especially for mental health, were less
likely to be met.

Although multiple vulnerabilities, such as racial and ethnic
minorities and older adults, have been revealed to be associated
with COVID infection risk, little has been reported on the pandemic
impacts on people living with disabilities.3 Thus disability, as a
critical demographic identifier, should be incorporated into data
collection to monitor the COVID-19 outbreak.3

People with impairment in activities of daily living (ADL) func-
tions such as walking, bathing and dressing oneself, are more likely
to experience the negative impacts of the pandemic due to their
greater needs for ADL support and/or specialized health care,
whereas such support and care can be dramatically diminished due
to the lockdown and social distancing rules. These obstacles are
likely to cause enormous damage on their daily living, preventive
2

care, and mental and physical health. Greater ADL impairment was
found to be associated with increased risk for mortality,23 hospi-
talization,24 use of long-term care facilities,25 chronic conditions,26

underuse of recommended care,27 and poorer mental health.28

With regards to coping, individuals with mobility impairment
were also less likely to use problem-focused coping.29

The mental health state, associated risk factors, resilience and
coping strategies among individuals with disabilities during the
COVID-19 pandemic have not been adequately studied, yet such
research is urgently needed. In this study, we aimed to examine the
effects of perceived adversities, resilience, and coping behaviors on
the mental health of those living with either or both types of ADL
disabilities, mobility impairment and self-care disability (i.e., dif-
ficulty in bathing and dressing), as compared to those without such
ADL limitations. Subsequently, wewould assess the buffering effect
of resilience on mental health as modified by ADL status. This work
will address the following research questions: 1) Towhat extent the
disparities in perceived adversities, resilience, and coping exist
among individuals with mobility and/or self-care disabilities as
compared to those without these ADL disabilities? 2) Does ADL
status modify the buffering effect of resilience on mental health?

Methods

Data source

Data were drawn from the Understanding America Study (UAS)
on the COVID-19 pandemic.30 It is an online panel survey admin-
istered to a nationally representative sample. The UAS consists of
American households with respondents aged 18 and above. The
survey was launched in March 2020 and had been on-going up to
January 2021 when data were collected. Respondents were
assessed every two weeks, and thus including 18 waves of data
collection. The core COVID-19 survey includes a wide range of
questions, such as personal experiences with COVID-19, risk
perception, preventive behavior endorsement, attitudes toward
COVID-19 vaccines, coping behaviors, and mental health.

Since physical functional status were assessed only at wave 4
(April 2020), this wave was used as the baseline. The end of the
follow up was cut off at wave 21 (January 2021). The number of
unique individuals included at baseline was n¼ 6403.

Outcome variable

Mental distress was assessed by the 4-item Patient Health
Questionnaire (PHQ4)31: Over the past fourteen days, how often
have you been bothered by any of the following problems? 1)
Feeling nervous, anxious, or on edge; 2) Not being able to stop or
control worrying; 3) Feeling down, depressed, or hopeless; 4) Little
interest or pleasure in doing things. Each response was a 4-point
Likert scale (0e3): not at all, several days, more than half the
days, nearly every day. The Cronbach alpha for this construct was
0.91. Mental distress was measured by the sum (0-12) of these
items. PHQ4 reliability was previously reported as 0.8531 and .90.32

Main independent variable

Physical functions were assessed with the EQ-5D-5L instru-
ment,33 only for April 2020 (wave 4). Mobility disability was
dichotomized into “No” (I have no problems walking) vs. “Yes” (I
have slight/moderate/severe problems walking or I am not able to
walk). Self-care disability was dichotomized as “No” (I have no
problems washing or dressing myself) vs. “Yes” (I have slight/
moderate/severe problems washing or dressing myself or I am not
able to wash or dress myself). Disability status was initially
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categorized at baseline as no mobility or self-care disability (None),
n¼ 4975; having mobility disability only (M), n¼ 1023; having
self-care disability only (SC), n¼ 38; mobility and self-care dis-
abilities (Both), n¼ 367. Because of the very small number of in-
dividuals with self-care disability only, categories M and SC were
combined into either mobility or self-care disability, but not both,
with n¼ 1061. Another way to express the categorization was by
the count of ADL disabilities: ADL¼ 0 (None), ADL¼ 1 (M or SC),
and ADL¼ 2 (M and SC). Both expressions were used inter-
changeably in this study.

Covariates e perceived adversities

Perceived stress was measured by Perceived Stress Scale
(PSS4).34 Respondents were asked in the past 14 days, how often
they felt 1) unable to control the important things in your life; 2)
confident about your ability to handle your personal problems; 3)
that things were going their way; and 4) difficulties were piling up
so high that they could not overcome them. Responses were 5-
point Likert scale: never, almost never, sometimes, fairly often,
very often. Responses were reverse coded when appropriate so that
higher score indicated greater stress. The Cronbach alpha for this
construct was 0.65. Perceived stress was measured by the sum
(range 4e20) of these four items. The reliability alpha of this scale
was previously reported as 0.6035 and 0.75.36

Loneliness was measured by a single item: In the past 7 days,
how often have you felt lonely? The responses were: not at all or
less than 1 day, 1e2 days, 3e4 days, 5e7 days. This variable was
treated as continuous (range 1e4).

Perceived COVID risk was assessed by perceived risk of death
from COVID-19, hospitalization from COVID-19, contracting COVID-
19, and risk of running out of money in the next 3 months. The
respondents rated each risk on a 0%e100% scale. An exploratory
factor analysis was done on the four items and yielded a single
factor, with Cronbach alpha at 0.72. The total risk was calculated as
the average of these risks multiplied by 0.1, to keep its scale com-
parable to other independent variables.

Covariates e moderators

Resiliencewas assessedwith the Brief Resilience Scale (BRS)37 of
six questions: 1) I tend to bounce back quickly after hard times; 2) I
have a hard time making it through stressful events; 3) It does not
take me long to recover from a stressful event; 4) It is hard for me to
snap backwhen something bad happens; 5) I usually come through
difficult times with little trouble; 6) I tend to take a long time to get
over set-backs in my life. The responses were each a 5-point Likert
scale: strongly disagree, disagree, neutral, agree, strongly agree. The
Table 1
Mental distress, adversities, resilience, and coping by disability status at baseline.

Variables Total
N¼ 6363
Mean (95%CI)

ADL¼ 0
N¼ 4973
Mean (95% CI)

Mental distress (PHQ4) 2.07 (1.97, 2.17) 1.88 (1.77, 1.98)
Perceived stress (PSS4) 9.06 (8.96, 9.17) 8.86 (8.74, 8.98)
Loneliness 1.56 (1.53, 1.59) 1.51 (1.48, 1.54)
Perceived Risk 2.32 (2.25, 2.38) 2.09 (2.02, 2.16)
Resilience 21.33 (21.17, 21.48) 21.56 (21.39, 21.
Relaxation Coping 4.55 (4.46, 4.63) 4.44 (4.34, 4.54)
Social Coping 4.32 (4.25, 4.38) 4.37 (4.30, 4.44)
Alcohol Coping 4.42 (4.04, 4.80) 4.50 (4.06, 4.94)
Cannabis Use 0.60 (0.54, 0.66) 0.53 (0.46, 0.6)
Other Recreational Drug Use 0.18 (0.15, 0.21) 0.17 (0.13, 0.21)

Note. ADL¼ 0 no mobility or selfcare disability; ADL¼ 1 mobility or selfcare disability; A
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Cronbach alpha of this scale was 0.86. Resilience was taken as the
sum of the six items (range 6e30). The reliability of resilience scale
was previously reported as 0.80e0.91.37,38

Coping behaviors were derived from an original 13 behaviors.
For each behavior, respondents were asked, “Out of the past 7 days,
what is your best estimate of the number of days that you did each
of the following activities?” These behaviors include drank alcohol,
used cannabis products such as marijuana, used recreational drugs
other than alcohol or cannabis products, used an e-cigarette or
vaping device to vape e-liquids with nicotine, smoked all or part of
a cigarette, meditated, got extra exercise, made time to relax,
connected socially with friends or family (either online or in per-
son), spent time posting or browsing on Facebook, Twitter, Insta-
gram, or Snapchat, had a phone call or video call with a family
member or a friend, messaged or emailed with a family member or
friend, spent time interacting with a family member or friend in
person. Responses ranged from 0 to 7. A principal component
analysis with Promax rotation yielded 4 components: social coping,
alcohol coping, substance (non-alcohol) use, and relaxation. Cron-
bach alpha for social coping was 0.7 but was <0.5 for substance use
and relaxation. Given the low reliability of substance use and
relaxation, we chose three single items for modeling: 1) made time
to relax, 2) used cannabis products, and 3) used recreational drugs
other than alcohol or cannabis products. The construct social
coping took the mean of related items (range 0e7). The three single
items took the original measure (range 0e7). With additional
assessment of alcohol intake in the survey, alcohol coping was
modified as the product of number of days of alcohol consumption
in the past 7 days and average amount of consumption each day
(range 0e210).

Demographic covariates/confounders

Demographic covariates were assessed at baseline, including
age, gender, education (range 1e16), household income (range
1e16), race/ethnicity (Non-Hispanic Whites, Non-Hispanic blacks,
Hispanics, Native Americans, Asians and Pacific Islanders, Non-
Hispanic mixed race), chronic health condition including asthma,
autoimmune disorder, COPD, diabetes, non-skin cancer, heart dis-
ease, high blood pressure, kidney disease, mental health condition,
and obesity.

Statistical analysis

The weighted mean and standard error of the mental distress
outcome, three adversity variables, resilience, and four coping
strategies were assessed at baseline and plotted over time for each
disability group. The correlations between adversity variables and
ADL¼ 1
N¼ 1061
Mean (95% CI)

ADL¼ 2
N¼ 329
Mean (95% CI)

P value

2.54 (2.29, 2.79) 3.55 (3.01, 4.08) <.0001
9.55 (9.30, 9.79) 10.58 (10.14, 11.02) <.0001
1.68 (1.60, 1.76) 1.95 (1.79, 2.12) <.0001
3.00 (2.84, 3.16) 3.55 (3.22, 3.87) <.0001

74) 20.77 (20.39, 21.14) 19.59 (18.96, 20.23) <.0001
4.92 (4.72, 5.12) 4.99 (4.65, 5.33) <.0001
4.19 (4.05, 4.33) 3.90 (3.61, 4.19) <.0001
4.08 (3.20, 4.95) 4.34 (2.81, 5.88) <.5157
0.79 (0.61, 0.97) 1.10 (0.75, 1.46) <.0001
0.19 (0.12, 0.27) 0.25 (0.1, 0.4) 0.3091

DL¼ 2 both mobility and selfcare disabilities.



Fig. 1. Mental Distress, Perceived adversities, Resilience and Coping Over Time (April 2020 to January 2021) by ADL Disability Status at Baseline.
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coping variables were assessed at baseline. Hierarchical random-
effects model (random intercept) was employed to assess the
theoretical effects of disability and covariates on mental health. The
sandwich estimator was implemented to generate robust standard
errors and protect against error covariance misspecification and
subsequent inaccurate inferences about the fixed effects due to an
inflation of type-I error.39 We specified an unstructured error
variance-covariance matrix and Gauss-Hermite quadrature algo-
rithm. Model 0 included only sociodemographics, clinical charac-
teristics, and survey waves. Model 1 added disability status upon
model 0. Model 2 further added perceived stress, loneliness,
perceived risk, resilience and coping variables (alcohol, cannabis,
other recreational drugs, social coping, relaxation) as independent
variables. Model 3 further added the interaction effects of ADL
status with each adversity and coping variable as two-way in-
teractions. Two sets of three-way interactions were added 1) ADL
status, resilience, and each adversity variable; 2) ADL status, resil-
ience and each coping variable. To keep the model parsimonious,
only significant interaction effects were included in the final model
(Model 3). The attrition of the sample over the observation period
(18 waves) was around 13% (down from n¼ 6403 in wave 4 to
n¼ 5303 in wave 21). The analyses were based on complete cases
on all variables in any wave. The average number of waves per
person by ADL status included in the analyses was similar, 15.6, 16.1
and 16.2 waves per person for ADL as 0, 1, and 2, respectively. All
analyses incorporated survey weights and accounted for within-
person correlations across survey waves when appropriate. All
analyses were done in SAS 9.4.

Results

At baseline, as shown in Table 1, mental distress increased with
greater ADL disability. The mental distress (mean and 95% CI) was
1.88 (1.77, 1.98), 2.54 (2.29, 2.79), and 3.55 (3.01, 4.08), p< .0001 for
no mobility or self-care disability (ADL¼ 0), mobility or self-care
disability only (ADL¼ 1), and both mobility and self-care disabil-
ities (ADL¼ 2), respectively. Similarly, each adversity, including
perceived stress, loneliness, and perceived COVID risk, also
increased with greater ADL impairment (all p's< 0.0001). For
Fig. 1. (cont
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instance, themean (95% CI) of perceived stress was 8.86 (8.74, 8.98),
9.55 (9.30, 9.79), 10.58 (10.14, 11.02) for 0, 1, and 2 ADL disabilities,
respectively. Resilience decreased with greater ADL limitation
(p< .0001), with the mean (95% CI) as 21.56 (21.39, 21.74), 20.77
(20.39, 21.14), 19.59 (18.96, 20.23) for 0, 1, and 2 ADL disabilities.
Social coping decreased with greater ADL limitation, but use of
cannabis increased with ADL impairment. These patterns persisted
over time during the pandemic, as shown in Fig. 1.

In terms of sociodemographics, as shown in Table 2, compared
to no ADL disability, those with only one or both disabilities were
older (mean age (95% CI)¼ 45.9 (45.3, 46.6), 57.7 (56.4, 59.0), 58.1
(55.6, 60.6), p< .0001), had lower education and income, were
more likely to have a chronic condition (all p's< 0.0001; including
diabetes, non-skin cancer, heart disease, high blood pressure,
asthma COPD, kidney disease, autoimmune disorder, mental health
condition, and obesity).

Table 3 shows the correlations between adversities, resilience,
and coping variables. Most correlations were significantly different
from 0. Three adversities were weakly to moderately correlated
with each other in the positive direction. Resilience inversely and
moderately correlated with loneliness (r¼�0.40, p< .0001) and
perceived stress (r¼�0.56, p< .0001). Coping and three adversities
were all weakly correlated, with few exceptions. Resilience nega-
tively correlated with cannabis use (r¼ -0.08, p< .0001) and use of
other recreational drugs (r¼ -0.07, p< .0001), but positively
correlated with alcohol (r¼ 0.05, p< .0001), social (r¼ 0.09,
p< .0001) and relaxation coping (r¼ 0.15, p< .0001). Social and
relaxation coping were positively correlated with each other
(r¼ 0.27, p< .0001).

Table 4 shows the results of three hierarchical random-intercept
models (Models 1, 2, and 3). Results of model 0 with only socio-
demographic and clinical variables and survey waves as predictors
are shown in the appendix Table 1. The random effects (variances)
of the intercept and individual residual for each of these four
models were significant (all p's< 0.0001). As shown in Model 0,
younger age, female, lower income, and having chronic conditions
such as high blood pressure, autoimmune diseases, mental disor-
der, and obesity, all increased mental distress during the pandemic.
In Model 1, after adjusting for survey waves, socidemographics, and
inued).



Table 2
Sociodemographics and clinical characteristics by disability status at baseline.

Variable Class Total Disability Type P-value

ADL¼ 0 n¼ 4975 ADL¼ 1 n¼ 1061 ADL¼ 2 n¼ 329

Gender Female 3718 (51.8) 2883 (51.4) 640 (53.7) 195 (51.4) 0.5518
Male 2647 (48.2) 2092 (48.6) 421 (46.3) 134 (48.6)

Race/ethnicity White 4244 (62.9) 3213 (60.5) 792 (73.3) 239 (66.4) <.0001
Black 480 (11.9) 369 (11.9) 81 (11.1) 30 (15.0)
Hispanic 983 (16.5) 845 (18.2) 103 (10.3) 35 (11.4)
Native 53 (0.4) 34 (0.3) 14 (0.5) 5 (1.2)
Asian/AAPI 341 (5.3) 304 (5.9) 30 (2.6) 7 (4.1)
Mixed 255 (3.0) 202 (3.2) 41 (2.2) 12 (1.9)

Age Mean 95%CI 48.5 (47.9, 49.0) 45.9 (45.3, 46.6) 57.7 (56.4, 59.0) 58.1 (55.6, 60.6) <.0001
Education Mean 95%CI 10.8 (10.7, 10.9) 11.0 (10.9, 11.1) 10.10 (9.9, 10.3) 9.6 (9.2, 9.9) <.0001
Income Mean 95%CI 10.9 (10.8, 11.1) 11.4 (11.2, 11.6) 9.5 (9.1, 9.8) 8.7 (8.1, 9.3) <.0001
Asthma yes 731 (11.7) 496 (10.2) 169 (16.0) 66 (19.8) <.0001
Autoimmune disorder yes 387 (5.5) 202 (3.7) 120 (10.9) 65 (15.7) <.0001
Cancer (other than skin) yes 448 (5.9) 275 (4.4) 129 (11.5) 44 (11.0) <.0001
COPD yes 256 (4.3) 82 (1.7) 111 (12.1) 63 (18.8) <.0001
Diabetes yes 771 (12.3) 417 (8.5) 256 (24.2) 98 (32.4) <.0001
Heart disease yes 416 (6.5) 195 (3.9) 154 (14.3) 67 (20.3) <.0001
High blood pressure yes 2024 (31.6) 1261 (24.7) 567 (54.5) 196 (62.3) <.0001
Kidney disease yes 169 (2.7) 75 (1.6) 65 (5.8) 29 (8.6) <.0001
Mental health condition yes 707 (10.9) 463 (8.9) 164 (15.9) 80 (24.6) <.0001
Obesity yes 1139 (16.6) 675 (12.7) 342 (30.2) 122 (32.9) <.0001

Note. ADL¼ 0 nomobility or selfcare disability; ADL¼ 1mobility or selfcare disability; ADL¼ 2 bothmobility and selfcare disabilities. For categorical variables, table cell values
are raw counts and weighted % in the parentheses, and p values are derived from the Pearson chi-square test; for comparison of continuous variables, table cell values are
weighted mean and 95% confidence interval, and p values are derived from the ANOVA test.
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clinical conditions, ADL disability had a monotonic effect on mental
distress, with the increase in b (standard error, SE) in mental
distress as 0.70 (0.12) for mobility or self-care disability only
(ADL¼ 1), and 1.64 (0.23) for bothmobility and self-care disabilities
(ADL¼ 2), as compared to those without such limitations
(p's< 0.0001). In Model 2, adversities and coping variables were
added and the ADL disability effect remained to be significant
(p's< 0.0001), with the increase in mental distress as 0.30 (0.08) for
those with one ADL disability, and 0.79 (0.15) for those with both.
Resilience [b (SE)¼�0.10 (0.01), p< .0001)] and relaxation (b (SE):
-0.02 (0.01), p¼ .0017) both predicted lower mental distress;
whereas loneliness, stress and perceived risk all predicted higher
mental distress [b (SE)¼ 0.98 (0.03), 0.20 (0.01), and 0.08 (0.01)
respectively, p's< 0.0001]. Social coping and cannabis use and use
of other recreational drugs were all related to higher mental
Table 3
Correlations and p values of adversities and coping covariates at baseline.

Mental
distress

Loneliness Stress Risk Resilienc

Mental distress 1
Loneliness 0.56

<.0001
1

Stress 0.59
<.0001

0.46
<.0001

1

Risk 0.22
<.0001

0.17
<.0001

0.24
<.0001

1

Resilience ¡0.48
<.0001

¡0.40
<.0001

¡0.56
<.0001

¡0.20
<.0001

1

Relaxation ¡0.12
<.0001

¡0.07
<.0001

¡0.21
<.0001

¡0.01
(n.s.)

0.15
<.0001

Social coping 0.02 (n.s.) 0.01 (n.s.) ¡0.07
<.0001

¡0.06
<.0001

0.09
<.0001

Alcohol coping 0.02 (n.s.) 0.004
(n.s.)

¡0.02
(n.s.)

¡0.03
0.006

0.05
<.0001

Cannabis use 0.13
<.0001

0.09
<.0001

0.09
<.0001

0.10
<.0001

¡0.08
<.0001

Use other recreational
Drugs

0.11
<.0001

0.10
<.0001

0.08
<.0001

0.07
<.0001

¡0.07
<.0001

Note. ADL¼ 0 no mobility or selfcare disability; ADL¼ 1 mobility or selfcare disability;
coefficient is listed in the top row, with its p value listed in the second row. n.s. refers to
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distress [b (SE)¼ 0.04 (0.01), p< .0001; .05 (0.01), p¼ .0001; 0.06
(0.02), p¼ .0002, respectively). Model 3 added interaction effects
and revealed three significant three-way interactions: 1) ADL,
resilience, and stress; 2) ADL, resilience, and risk; 3) ADL, resilience,
and social coping. Model fit index Bayesian information criterion
(BIC) became smaller as the model became more complex. For the
final Model 3, the BIC was the smallest at 342399.3, indicating best
model fit.

Fig. 2 series display the fixed effect of each adversity on mental
distress, as moderated by ADL disability status if there was a sig-
nificant interaction effect. For significant interactions, the esti-
mated slopes for Fig. 2 series are listed in Appendix Table 2. The
slopes without interaction effects can be found in Model 3 from
Table 3. First of all, the two groups with ADL disabilities showed
larger fixed intercepts in all graphs, suggesting greater average
e Relaxation Social
coping

Alcohol
coping

Cannabis
use

Use other recreational
drugs

1

0.27
<.0001

1

0.07
<.0001

0.03
0.017

1

0.05
<.0001

0.06
<.0001

0.11
<.0001

1

0.01 (n.s.) 0.02 (n.s.) 0.15
<.0001

0.34
<.0001

1

ADL¼ 2 both mobility and selfcare disabilities. In each cell, the Pearson correlation
not significant p> .05.



Table 4
Associations of covariates with mental distress derived from hierarchical random-effects models.

Variable Class Model 1 Model 2 Model 3

Fixed Effects B (SE) P Fixed Effects B (SE) P Fixed Effects B (SE) P

Intercept 3.42 (0.25) <.0001 0.17 (0.24) 0.4837 �7.01 (0.42) <.0001
ADL ADL¼ 0 0 0 0

ADL¼ 1 0.70 (0.12) <.0001 0.30 (0.08) <.0001 0.10 (0.17) 0.5587
ADL¼ 2 1.64 (0.23) <.0001 0.79 (0.15) <.0001 0.03 (0.32) 0.9299

Loneliness 0.98 (0.03) <.0001 0.95 (0.03) <.0001
Stress 0.20 (0.01) <.0001 0.66 (0.03) <.0001
Risk 0.08 (0.01) <.0001 0.31 (0.05) <.0001
Resilience �0.10 (0.01) <.0001 0.19 (0.02) <.0001
Relaxation Coping �0.02 (0.01) 0.0017 �0.02 (0.01) 0.0023
Social Coping 0.04 (0.01) <.0001 0.24 (0.05) <.0001
Alcohol Coping 0.002 (0.001) 0.0625 0.002 (0.001) 0.0943
Cannabis Coping 0.05 (0.01) 0.0001 0.05 (0.01) <.0001
Other Drugs Coping 0.06 (0.02) 0.0002 0.06 (0.02) 0.0003
Stress*ADL*resilience ADL¼ 0 �0.02 (0.001) <.0001

ADL¼ 1 �0.02 (0.002) <.0001
ADL¼ 2 �0.02 (0.002) <.0001

Risk*ADL*resilience ADL¼ 0 �0.01 (0.002) <.0001
ADL¼ 1 �0.01 (0.002) <.0001
ADL¼ 2 �0.01 (0.003) .0003

Social Coping *ADL*resilience ADL¼ 0 �0.01 (0.002) <.0001
ADL¼ 1 �0.01 (0.002) <.0001
ADL¼ 2 �0.01 (0.003) 0.0118

Random Effects
Variance (SE)

Random Effects
Var (SE)

Random Effects
Var (SE)

Intercept 2.12 (0.04) 1.33 (0.03) 1.27 (0.03)
Residual 2.11 (0.07) 1.77 (0.06) 1.75 (0.06)
Model Fit AIC 365582.4 343323.3 342001.2

BIC 365859.1 343660.6 342399.3

Note. SE stands for standard error. AIC¼ Akaike Information Criterion; BIC¼Bayesian Information Criteria. Models incorporated survey weights and sandwich estimator for
standard errors. All p values for intercept variances were <0.0001. All models were adjusted for survey waves, age, gender, education, income, race/ethnicity, chronic con-
ditions including diabetes, cancer, High blood pressure, heart conditions, asthma, COPD, kidney disease, autoimmune diseases, mental disorder, and obesity.
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mental distress for the two groups with ADL disability when coping
or adversity is at the lowest point. Resilience and ADL disability
moderated the effect of stress, risk, and social coping on mental
distress, respectively. In terms of the slope, ADL disabilities elevated
the effect of perceived stress on mental distress (steeper slopes,
Fig. 2b), with estimated slope B(SE) as 0.20 (0.01), 0.23 (0.02), 0.26
(0.03), for ADL¼ 0, 1, and 2, respectively, all p's< 0.0001. A flatter
downward slope of resilience on mental distress was observed for
the greatest ADL impairment with estimated B(SE) as �0.07 (0.01)
p< .0001, �0.07 (0.01) p< .0001, �0.04 (0.02) p¼ .0102, for
ADL¼ 0, 1, and 2 respectively; thus we could interpret that resil-
ience had a stronger protective effect for those with none or only 1
ADL disability compared to those with greatest ADL impairment, as
shown in Fig. 2d. The effects of social copingwere not significant for
the two groups with ADL impairment, but for those without ADL
impairment, there was a positive effect of social coping on mental
distress B(SE)¼ 0.04 (0.01), p< .0001. Relaxation coping, alcohol
consumption, cannabis use, and use of other recreational drugs
showed the same slope estimates on mental distress across ADL
status (no interaction effects). Fig. 3 series display the effect of three
adversity variables, loneliness, stress, and risk, on mental distress,
as moderated by ADL disability status and resilience level. Both
graphs of stress and risk convincingly show that resilience miti-
gated the negative effects of stress and perceived risk on mental
distress for all ADL status, as indicated by gradually flattened slopes
and/or decreased average (fixed) intercepts. interestingly, although
resilience and ADL status did not change the slope of loneliness on
mental distress (B(SE)¼ 0.95(0.03), p< .0001 for all ADL groups),
with increasing resilience, the fixed intercept went down thus
bring down the overall mental distress. The estimated slopes for
stress and risk are listed in Appendix Table 3.
7

Discussion

In this study we identified that individuals with greater ADL
disabilities reported greater mental distress and greater perceived
adversities (e.g., loneliness, perceived stress and COVID risk).
However, they reported lower resilience, and adopted less social
coping but greater substance use. These patterns persisted longi-
tudinally. Even after adjusting for sociodemographics, clinical
characteristics, survey waves, adversities, and coping, ADL
disability still demonstrated independent effect on mental distress,
suggesting ADL disability is a critical mental health risk factor.
Resilience was found to be moderately and negatively correlated
with perceived stress and loneliness, and it had a buffering effect of
perceived adversities on mental distress. Those with greater ADL
disability benefited less due to their reduced resilience.

During the unprecedented COVID-19 pandemic, a significant
proportion of individuals living with disabilities experienced psy-
chopathologies, such as depression, anxiety, insomnia, post-
traumatic syndromes.18,40,41 The psychological outcomes revealed
in our study were consistent with previously reported findings:
individuals with ADL disabilities reported heightened mental
distress in a persistent manner and showed amonotonic increase in
mental distress with greater ADL disabilities.

Our study further quantified the resilience of individuals with
ADL disabilities in a national sample and compared the resilience
level among multiple groups with different degrees of ADL dis-
abilities over time. Protective factors of resilience during the
pandemic were identified as outdoor activities, exercise, social
support, better sleep quality, and prayer.16 Our study found that the
perceived adversities were negatively correlated with resilience,
suggesting that highly resilient individuals may perceive lower



Fig. 2. Series. Fixed effects of adversities, resilience and coping on mental distress.
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Fig. 3. Series. Buffering Effect of Resilience on the Association of Adversities (loneliness e 3a, perceived stress e3b, perceived COVID risk e3c) and mental distress.
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levels of adversities, which in turn protected them form experi-
encing mental distress. The significant three-way interactions be-
tween resilience, adversities (stress and risk), and ADL status
confirmed that resilience was shown not only as a protective factor
but also a buffer between adversities and mental distress, even
though the degree of protection varied by disability status.

Although our study found that self-reported resilience was
lower among individuals with higher ADL disabilities and the
protective effect of resilience on those with greatest ADL impair-
ment (ADL¼ 2) was lower than others, resilience may be expressed
differently in individuals with disabilities. Indeed, how and
whether individuals are able to express resilience is determined by
the resources available to them, including access to material re-
sources, relationships, identity, power and control, cultural adher-
ence, social justice and cohesion.42 Thus an exploration of resilience
in individuals with disabilities should also include what resources
are available and who is accessing those resources.43 Building
resilience in the lives of people living with disabilities goes beyond
building individual capacity or family support; it must also be a
case of challenging social, attitudinal and structural barriers which
increase adversity in the lives of people with disabilities.44 Future
research may explore these contextual factors and how they affect
the people living with disability.

Adaptive coping strategies are associated with subjective well-
being, self-esteem and acceptance of disability.45 Adaptive coping
during the COVID 19 pandemic may be more challenging for people
with disabilities.38 Stress related to COVID19 was associated with
passive coping, such as denial and substance use among individuals
with disabilities and chronic conditions, and active coping was
associated with subjective well-being38 Individuals with disabil-
ities may be prone to the passive coping strategies.

A study reported that COVID-19 adversities were associated
with less socially supported coping strategies,46 which corresponds
to our finding that social coping increased mental stress during the
pandemic among those without ADL disability, potentially due to
the nature of the virus that requires social isolation to curb its
spread. Avoidance coping, characterized by avoiding the stressor
and reducing reaction to the stressors, has been considered mal-
adaptive considering its link to depression symptoms and high-
stress level and maladaptive behavior patterns.47,48 As an avoid-
ance coping strategy, substance use temporarily “lifts up” oneself
from the stressful reality, but one inevitably finds oneself falling
back into it. Our study shows those with ADL disabilities tended to
use cannabis more frequently than those without. Although there
was no significant interaction between ADL disability and use of
substances (alcohol, cannabis, and other recreational drugs), use of
these substances increased level of psychological distress in all
groups. Relaxation showed protective effect against mental
distress, although such effect did not differ among ADL disability
groups. Taken together, our results suggested that those with ADL
disabilities were more likely to engage in maladaptive coping,
which also rendered larger detrimental effect on their mental
health.

People livingwith ADL disabilities, such asmobility impairment,
were reported to have poorer mental health,28 adopt less problem-
focused coping,29 be less likely to use recommended care ser-
vices,27 all of which may contribute to greater deterioration of
mental and physical health during the pandemic when routine
medical resources and personal support often became unavailable
due to the lockdown measures and social distancing rules.
Furthermore, individuals living with disabilities may be at greater
risk of mortality and morbidity once contracting the virus.6 Due to
their need of daily care, it is impossible for a person with ADL
disabilities to self-isolate. Furthermore, those on rehabilitation
services to prevent functional decline also face a dilemma due to
10
the service interruptions during the pandemic.6 Despite of the
enormous obstacles imposed on individuals with disabilities,
research on the response to the pandemic in the disability com-
munity is scarce3 and surveillance of COVID-19 outbreak inte-
grating disability as an identifier in its data collection has yet to
become the standard practice.3 Thus it is critical to explore the
psychological and mental experiences and coping of individuals
with disabilities when such data are available to researchers. Our
results will help policy makers and health care practitioners target
intervention strategies and reduce ableism and related stereotypes
and discrimination for the disability communities.

Our study used timely reported data on mental health needs
among people with ADL disabilities during the pandemic from a
nationally representative sample. The longitudinal data described
the individual subjective experiences over time and showed
persistent patterns of disparities in mental health, perceived ad-
versities, resilience, and coping skills among those with living ADL
disabilities.

This study has several limitations. Missing data were not
included in our analyses. Mortality data were not available, thus
those with severe ADL disabilities and worst mental health might
not be able to survive the pandemic. Due to limited survey infor-
mation, other dimensions of ADL disabilities (e.g., difficulty in
eating and toileting; transferring from chair/bed) were not
included. Additional disabilities such as sensory disability (blind-
ness and deafness) or intellectual disabilities were not assessed.
Future research may consider using established standardized in-
struments for cannabis use, use of other recreational drugs, and
relaxation. These concepts were each measured with a single item
in the study and can benefit from validated multiple-item mea-
sures. Our results were derived from a nationally representative
online sample. The sample can be improved by including in-
dividuals who were not regularly online and thus less likely to be
represented in this sample. Due to the scope of this paper, some
important aspects of disparity known to affect morbidity and
mortality of individuals with disabilities were not discussed. Future
research may explore dimensions including, but not limited to,
health care access, treatment needs, and interruption of routine
care in the disability community during the pandemic.

Nevertheless, it should be noted that coping strategy could
change over time. The results of the current study shed some light
on the importance of stress-coping education and intervention to
those vulnerable population is crucial and could greatly prevent
and even reduce the mental health issues. Specifically, psycholog-
ical interventions focusing on building resilience and developing
positive coping skills can be viable means to ameliorate mental
distress among the disability population, especially during a public
health crisis such as the COVID-19 pandemic.
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