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Background: Long-term care facilities were severely impacted during the COVID-19 (Coronavirus Disease 2019) pandemic.
Residents surviving the disease might continue to suffer from the post-COVID syndrome, similar to communi-
ty-dwelling persons. This study aimed to characterize the longitudinal evolution of activities of daily living in
COVID-19 survivors from long-term institutional care.

Material/Methods: This was a retrospective study with prospective follow-up of consecutive COVID-19 survivors living in long-
term care facilities. The Barthel Index was used to assess changes in functional independence before the dis-
ease, right after recovery, and 3 months later.

Results: The study enrolled 201 residents of long-term care facilities, median age 79 years old, who survived 3 months
after recovery from COVID-19. The disease caused hospitalization in 47% of cases. Early after COVID-19, dete-
rioration in activities of daily living was higher in older, hospitalized patients with cardiovascular comorbidity.
However, in the long-term follow-up, these factors did not predict functioning. Independence was severely af-
fected in hospitalized and non-hospitalized COVID-19 patients. This had implications for post-COVID care and
rehabilitation since these interventions were mainly offered after hospitalization.

Conclusions: The findings support that residents of long-term care facilities who had COVID-19, even with a mild clinical
course, may have persistent impairment in function and ability to perform activities of daily living that require
support and rehabilitation.
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Background

Institutionalized elderly care in many countries was serious-
ly impacted during the coronavirus disease 2019 (COVID-19)
pandemic. Residents of health and social care support facili-
ties are the most vulnerable to COVID-19 due to their fragility,
multimorbidity, and the closed environment promoting disease
transmission [1,2]. Common psychiatric and neurologic morbid-
ities of institutionalized care residents limit the possibility of
social distancing and other infection prevention policies [3,4]
and is associated with a higher burden of the disease [5].

Before the pandemic, about 6.5% of older adults in the United
States and 3.6% in the European Union lived in institutional
care, requiring support in activities of daily living (ADL) and/or
medical care [6,7]. These numbers will increase in the future;
eg, about 70% of Americans turning age 65 years old today will
need long-term care services [8]. The inability to accomplish
essential ADL decreases the quality of life and causes safety
concerns for older adults. ADL measures reflect an individual’s
level of functioning and qualification for assistance, including
long-term care in an institutional setting. Poor ability to per-
form ADL have been shown to predict increased severity and
mortality of COVID-19 in different populations [9]. In turn, the
consequences of the pandemic have been particularly devas-
tating for senior populations in long-term care [10-13]. One
of the earliest contact tracking reports from a single skilled
nursing facility in the United States showed that over half of
the residents were hospitalized, and one-third died [10]. The
incidence rate for COVID-19-associated death of adults older
than 69 years was 13 times higher in people in long-term care
than in community living in Ontario, Canada [13]. The Polish
government reported that about 9% of all COVID-19 cases in
June 2020 were related to infections in long-term care facil-
ities [14]. In European countries, deaths among residents of
long-term care facilities accounted for 37-66% of all COVID-
related deaths [15]. Despite the significant disease burden, pre-
ventive measures also harmed residents’ mental and physical
health. The well-being of older residents in long-term care fa-
cilities was severely affected [16,17].

Analysis of multiple studies revealed a reduction of ability
to perform ADL and, consequently, loss of independence in
COVID-19 adult patients after the acute phase of infection [9].
The COVID-19 pandemic caused severe illness and death in
many long-term care centers worldwide and shaped long-
term care. Vaccinations decreased the risk of a severe clinical
course of COVID-19 in long-term care facilities; however, they
were insufficient to prevent infection outbreaks [12,13]. This
makes people living in long-term care facilities one of the pop-
ulations most vulnerable to COVID-19 after the pandemic [2].
Trevisson-Redondo et al (2021) [18] indicated that COVID-19
survivors had reduced abilities to perform ADL after recovering
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from the disease. They studied ADL of 68 residents older than
65 years old and infected with severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). During the disease and
convalescence, patients stayed in nursing homes. Functional
independence assessed using the Barthel Index (Bl) was signif-
icantly limited in survivors (mean Bl 52.3 points) compared to
the period before infection (mean Bl 83.2 points). Worsening
ability to perform ADL was present in all 10 subdomains of
the index. Belli et al (2020) [19] reported that elderly patients
hospitalized due to COVID-19 had impaired functional per-
formance after discharge; 67% of patients had Bl <60 points.
Beyond the burden of the disease, older adults were impacted
by lockdown restrictions and had restricted access to health-
care services [20].

Hospitalized patients with COVID-19 have diminished quali-
ty of life after discharge. Age significantly predicted compro-
mised physical and mental performance after hospitalization
[21-23]. The physical and psychical functioning of patients sur-
viving hospitalization or intensive care unit (ICU) admission
recovered in the long-term follow-up [24-26].

This study aimed to characterize the evolution of ADL in
COVID-19 survivors in long-term institutional care and to de-
termine whether older adults living in nursing or social assis-
tance homes, who are one of the populations most vulnera-
ble to COVID-19, return to a functional status. The study was
conducted in the early pandemic phase before there were rou-
tine vaccinations against COVID-19.

Material and Methods

The study was approved by the Ethics Committee at the Poznan
University of Medical Sciences (Approval note KB-247/21). Data
were collected after obtaining informed consent from the pa-
tients or relatives.

Study Design and Participants

This was a retrospective study conducted among consecutive
long-term care facility residents infected with SARS-CoV-2.
The study enrolled COVID-19 survivors who were residents
of 4 social assistance houses [27] and 1 nursing home [28]
from the Wielkopolska region in Poland. Every patient infect-
ed with SARS-CoV-2 between April and December 2020 who
survived 3 months following resolution of the disease was in-
cluded in the study. SARS-CoV-2 infection was confirmed by
reverse-transcription polymerase chain reaction testing from
nasopharyngeal swabs. None of the patients was vaccinated
against COVID-19. Ability to perform ADL were evaluated at 3
time points: before infection (data retrieved from medical re-
cords), directly after recovery, and 3 months after COVID-19.
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Collected baseline characteristics included demographics,
medical history, and course of COVID-19. Outcomes at base-
line, directly after, and 3 months after the disease was eval-
uated in all patients.

To establish whether COVID-19-associated hospitalization re-
sults in persistent worsening of ability to perform ADL, a da-
taset of the outcome of 49 long-term care residents hospital-
ized without previous SARS-CoV-2 infection was created. This
dataset served as a control group to establish the ADL recov-
ery status of COVID-19 survivors at 3 months.

Outcomes

The primary outcome of the study was Bl assessed directly af-
ter COVID-19 and at 3 follow-ups. The Bl measures the capac-
ity to perform 10 basic ADL and gives a quantitative estima-
tion of the patient’s level of dependency, with scoring from 0
(totally dependent) to 100 (totally independent) in 5-point in-
crements [29]. Bl is one of the most used assessment tools for
ADL evaluation among patients with COVID-19 [9]. Results were
interpreted according to Sinoff and Ore (1997) [30]. Bl is rele-
vant for patients across their continuum of critical illness and is
a standard tool used to evaluate when someone starts to need
personal help. In Poland, the Bl evaluation is required to qual-
ify patients for long-term nursing and care services financed
by the state. Assessments are routinely performed at least
once monthly and in the case of a change of health status [31].

These outcome data were retrospectively collected in all
3-months COVID-19 survivors. Baseline assessment was per-
formed <1 month before COVID-19; the subsequent assessments
were performed immediately after recovery and 3 months later.

Statistical Analysis

Demographic characteristics and Bl estimates were presented
as median (range or 95% confidence interval (CI) for contin-
uous variables and expressed as absolute values along with
percentages for categorical variables. Normality was assessed
with the Shapiro-Wilk test and visual inspection of the data.

For the comparison of Bl between different follow-up visits, we
used one-way repeated-measures analysis of variance (ANOVA)
or McNemar test for continuous and categorical variables, re-
spectively. ANOVA was used to compare Bl between hospital-
ized COVID-19 survivors and controls. All significance tests were
two-sided, and P value less than 0.05 was considered significant.

The multivariable logistic regression was used to identify indepen-
dent predictors of persistent worsening in BI. All variables tested
with Pvalue less than 0.1 in the univariate analyses were entered
into the multivariate logistic regression analysis using stepwise
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Table 1. Patient characteristics.

Parameter N=201
Age
"""" >75yearsold,n (%) 122 (60.7)
"""" Median (range), years 79 (61-101)
 Female gender,n (%) 123 (612

Social assistance house 179 (88.6)
"""" Nursinghome 23 (114
Courseof COVID-19,n (%)
"""" Benign disease! 59 (204)
"""" HCP consultationonly 47 (234)
"""" Hospitalizaton 95 (473)
 Comorbiditiest,n %)
"""" Cardiovascular 99 (493)
"""" Neurologic 77 (383)
"""" Psychiatic 42 (09)
"""" Diabetes 28 (139)
"""" Pumonary 13 (65
"""" other 76 (378

! SARS-CoV-2 infection in the social assistance house not
requiring any healthcare practitioner attention; 2 patients may
have more than 1 comorbidity. COVID-19 - coronavirus disease
2019; HCP — healthcare professional.

backward selection. In the final model, dependent variables
with P value less than 0.1were retained. All statistical analyses
were performed using MedCalc v20.121 (MedCalc Software Ltd).

Results

Patient Characteristics

The baseline characteristics of 201 residents of long-term care
facilities who survived COVID-19 are given in Table 1. Their me-
dian age was 79 years (range 61-101), and 61% were women.
The most prevalent comorbidities were cardiovascular diseas-
es, followed by neurologic and psychiatric disorders (Table 1).
Similar proportions of patients stayed at long-term care facili-
ties during COVID-19 (53%) and required hospitalization (47%).

Changes of Activities of Daily Living in the General
Population

The mean Bl before COVID-19 was 61.0 (95% Cl: 56.4-65.6).
Of all patients studied, 17.9% were dependent (Bl score <20),
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Activies of daily living

Independent (BI 80-100)
I Slighty dependent (Bl 60-75)

B Moderately dependent (BI 40-55)
W Severely dependent (Bl 25-35)

B Dependent (Bl <20)

100%
00% | 42%
80% |
70% ———
60% —|

50% —

9% of patients

40% —
30% —
20% —
10% —

0% —
Before disease

Right after disease

34% 36%

3 months after disease

Figure 1. The proportion of patients according to their functioning status. Activities of daily living were classified based on the Barthel
Index value at different time points. P values (McNemar test) comparisons of the proportion of patients (n=201) with
impaired functioning (Barthel Index <60) vs baseline (before the disease). Figure created with Tableau 2021.4.17 (Tableau

Software LCC).

11.4% were severely dependent (Bl score 25-35), 11.4% were
moderately dependent (Bl score 40-55), 17.4% were slightly
dependent (Bl score 60-75), and 41.8% were independent in
performing basic ADL (Bl score 80-100) at baseline (Figure 1).
Immediately after recovery from COVID-19, the mean Bl was
54.7 (95% Cl: 49.9-59.4) and 56.0 (95% Cl: 51.3-60.8) after 3
months (P<0.0001) (Figure 2). The proportion of patients with
impaired functional performance (Bl <60) increased by 8.5%
(95% Cl: 4.6-12.3%; P<0.0001, McNemar test) immediately af-
ter recovery from COVID-19 and by 6.5% (95% Cl: 3.1-9.9%;
P=0.0002, McNemar test) 3 months later (Figure 1).

Univariate Analysis

A univariate analysis showed that patients with cardiovascular
diseases, aged >75, and those requiring hospitalization due to
COVID-19 had higher odds of persistent worsening in the Bl
3 months after recovery compared to the baseline (Table 2).
The multivariate logistic regression confirmed the above find-
ings; hospitalization during COVID-19 (P=0.001), increased age
(P=0.005), and cardiovascular diseases (P<0.05) were indepen-
dent predictors of persistent worsening of ADL 3 months af-
ter recovery from the infection.

The Impact of Hospitalization
To evaluate the impact of hospitalization on ability to perform

ADL, we analyzed the change of Bl in subgroups of patients not
hospitalized (ie, remained in long-term care) (Figures 3A, 4A)

100
S 7
=
E e -
= ] 56.0
£ 5 ! =
2
]
T
0
Before Right after 3 months after
(OVID-19 COvID-19 CovID-19

Figure 2. Impairment of activities of daily living of
institutionalized care patients after COVID-19.
P<0.0001 (ANOVA) for all comparisons (n=201). Data
shown as mean values with 95% confidence interval.
Figure created with MedCalc v20.121 (MedCalc
Software Ltd). Cl — confidence interval;

COVID-19 - coronavirus disease 2019.

and hospitalized (Figures 3B, 4B) during COVID-19. There were
slight changes in the mean Bl in non-hospitalized patients.
These were statistically significant when analyzing Bl as a con-
tinuous variable (Figure 3A); however, they did not cause a sig-
nificant change in the level of patients’ dependence (Figure 4)
immediately after recovery from COVID-19 and 3 months later.
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Table 2. Univariate analysis for factors associated with worsening in the Barthel Index persisting 3 months after COVID-19 in

comparison to the baseline.

VELEL

Univariate

Age >75 vs <75 years old

Presence vs absence of pulmonary morbidity

3.92 (1.39-11.06) <0.01
~ oe4 0271500 o3
""""""" 184 O6155) o0z
573 @i woor
""""""" 170 073398  oois
""""""" 112 (051249 o
03 ©og1%) o2
""""""" 137 (046408 o057
""""""" 123 (028529 o7

Cl — confidence interval; COVID-19 — coronavirus disease 2019; CV — cardiovascular; OR — odds ratio.

In the short-term, hospitalization due to COVID-19 led to a sig-
nificant reduction in the mean Bl (Figure 3B) and an increased
proportion of patients with limited independence (Figure 4B).

Hospitalization from reasons other than COVID-19 also im-
paired ability to perform ADL among long-term care residents
(Figures 3C, 4C). Comparison of COVID-19-related and unre-
lated hospitalizations effect on ADL did not reveal statistically
significant differences between continuous (P=0.973, ANOVA)
and categorical variables (P>0.7734) immediately after dis-
charge and 3 months later.

Discussion

Older adults who are residents of nursing and social assistance
homes are not likely to return after COVID-19 to a functional
status similar to that before the disease. Not surprisingly, ADL
are significantly compromised immediately after recovery from
the disease, but they also remained low at follow-up. Within
the limitations of the study design, our results suggest that
COVID-19 causes a considerable and persistent worsening of
functional independence of geriatric patients in long-term care
facilities after recovering from the infection.

Elderly patients in institutionalized care facilities have many
health conditions increasing the risk of adverse outcomes in
COVID-19 [32]. The pandemic has been particularly devastat-
ing for elderly people in long-term care [10-13]. Consequently,
special protective measures for this population were rein-
forced [33,34]. European long-term care facilities continued
to suffer from COVID-19 in 2022 [35], and it is likely that even

after the pandemic, COVID-19 will continue to adversely im-
pact nursing homes and social care institutions. High morbid-
ity, mortality, and social isolation severely affected residents
of long-term care facilities. Survivors in institutionalized geri-
atric care continue to suffer from the disease.

Typically, COVID-19 survivors have a good physical and func-
tional recovery at 1- or 2-year follow-up, returning to their ev-
eryday work and life. However, they report problems with mo-
bility, pain, fatigue, mood, and depression compared to age-,
sex-, and comorbidity-matched controls [26,36]. In a cross-
sectional study, 15% of Americans reported symptoms last-
ing >2 months after a positive SARS-CoV-2 test [37]. Although
long-COVID is a well-recognized entity in the general popula-
tion [38], little is known about post-COVID functioning in long-
term care facilities.

Trevisson-Redondo et al [18], for the first time, showed that
COVID-19 deteriorates all dimensions of Bl in institutionalized
older adults. They studied 68 men and women with a mean age
of 85.9 years, with a maximum post-infection follow-up of 3
months to exclude the effect of any changes derived from re-
habilitation. The mean Bl index changed from 83.2 to 52.3 af-
ter the disease (P<0.001). We confirmed previous results. Not
surprisingly, ability to perform ADL immediately after recovery
from the disease was worse than 3 months later.

Three months after recovery from the disease, hospitalization,
age >75 years, and cardiovascular comorbidity were indepen-
dent predictors of worsening of the BI. COVID-19-related hos-
pitalization can produce a long-term worsening in the frailty of
survivors, especially in patients who had reduced quality of life
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Figure 3. Changes in activities of daily living of institutionalized care patients after COVID-19 not requiring hospitalization (n=106)
(A); after COVID-19 requiring hospitalization (n=95) (B) and after non-COVID-19-associated hospitalization (n=49); ie,
hospitalization for any other reason than COVID-19 (C) * P<0.05, # P<0.001 (ANOVA) vs baseline; ie, before the disease (A)
or hospitalization (B, C). Data are shown as mean values with 95% confidence interval. Figure created with MedCalc v20.121
(MedCalc Software Ltd). Cl — confidence interval; COVID-19 — coronavirus disease 2019.

before infection [39,40]. However, most older adults admitted
to the intensive care unit due to COVID-19 had no ADL restric-
tion before hospitalization and lived without severe frailty [40].
The majority of patients in this study were primarily indepen-
dent before admission. Patients requiring hospitalization ex-
perienced a greater worsening in ADL compared to those who
were convalescent at long-term care facilities. Observed chang-
es indicated a significant worsening in ADL of patients in long-
term institutional care. Functioning remained compromised
after recovery from the disease. The clinical significance of a
decrease in the Bl was not studied in patients with COVID-19;
however, the minimal clinically important difference of the in-
dex was evaluated in other patients. Hsieh et al [41] estab-
lished that a mean change of Bl of 9.25 points (ie, 1.85 on a
20-point scale) could be considered minimally clinically impor-
tant and beyond measurement error in patients with stroke.
Unnanuntana et al 2018 [42] found that 9.8 points is minimal-
ly clinically important for assessing the functional recovery of

older patients after surgery. The mean decrease of Bl right after
hospitalization due to COVID-19 reached the minimal clinically
important difference established in other groups of patients.
However, the threshold was not reached in the control group
of hospitalized patients. A slight increase in Bl was observed
3 months after the disease in all studied groups.

At the time of the study, the post-COVID-19 rehabilitation pro-
gram was not yet implemented in Poland [43]. The program was
focused on community-dwelling patients and is not continued
anymore. It is not likely that residents of long-term care includ-
ed in the study participated in any rehabilitation program. Staff
shortages have affected long-term care facilities in Poland and
limited services for older persons. Rehabilitation services were
most severely disrupted by the pandemic [44,45]. Thus, similar
to the study of Trevisson-Redondo et al [16], our observations
can be considered as a natural history of older adult’s function-
al status deterioration after COVID-19. Reduction of physical
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Activies of daily living

[ Independent (BI 80-100) B Moderately dependent (BI 40-55)  H Dependent (Bl <20)
I Slighty dependent (Bl 60-75) B Severely dependent (Bl 25-35)

A 100% |

60% —1
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20% —

80% —|

60% —|
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9% of patients
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Figure 4. The proportion of patients according to the functioning status in not hospitalized; N=106 (A), hospitalized; N=95 (B),
and control; N=49 (C) groups. Activities of daily living were classified based on the Barthel Index value at different time
points. P values (McNemar test) comparisons of the proportion of patients with impaired functioning (Barthel Index <60) vs
baseline; ie, before disease or hospitalization. Figure created with Tableau 2021.4.17 (Tableau Software LCC). Bl — Barthel
Index.
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function can be addressed with pharmacological and non-phar-
macological interventions. The pandemic initiated the develop-
ment of early and effective interventions for older adults affected
by COVID-19 during and after hospitalization [46,47]. Our study
showed that functional dependence in ADL remained common
among residents of long-term care facilities. Rehabilitation inter-
ventions are offered mainly to persons who require hospitaliza-
tion. Indeed, their early functional status was more comprised
compared to those not hospitalized; however, in the long-term,
functioning deteriorated in both groups to a similar level. Thus,
residents of long-term care facilities may require rehabilitation
programs regardless of the necessity of hospitalization.

In our cohort there was a similar deterioration in the Bl 3
months after recovery from the disease in men and women,
as previously reported by Trevisson-Redondo et al [18], but
females had greater ADL improvement in a large study eval-
uating care provided in home healthcare [48]. Of note, phe-
notypes of the post-COVID syndrome in men and women are
different, with a predominance of dyspnea in men and fatigue
in women [49]. Since sex is one of several variables known to
influence the overall immune responses to COVID-19, it would
also be associated with recovery from the disease.

This study had several limitations. First, the study design was
retrospective, without strict inclusion criteria, which allowed
heterogeneity across the sample population. Other limitations
include a lack of information about the course of hospitaliza-
tion; eg, older patients with COVID-19 more frequently require
ICU admission than others. The control group, which consist-
ed of patients hospitalized for reasons other than COVID-19
was unmatched, limiting the value of the comparison per-
formed. The effects of COVID-19 on ADL are challenging to
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distinguish from the lockdown, which severely impacted the
elderly population [50].

Conclusions

Long-term care residents may have impaired physical function-
ing when they recover from COVID-19, even with a non-severe
clinical course not requiring hospitalization. Deterioration in
ADL may be more considerable in patients who require hos-
pitalization. Our data suggest that early rehabilitation should
be considered for all COVID-19 survivors in long-term care, not
only those discharged from a hospital. Therefore, there is great
demand for tailored rehabilitation programs for COVID-19 sur-
vivors in long-term care facilities. This is important since even
in the endemic phase, COVID-19 will likely continue to burden
residents of long-term care facilities.
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