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Background: Coronavirus disease 2019 (COVID-19) can cause multiple acute complications. This
study evaluated the long-term functional status of older patients hospitalized for acute
COVID-19. Methods: We analyzed data from a multicenter ambispective cohort study on pa-
tients aged >60 years who were hospitalized for COVID-19 at two tertiary care hospitals in Ar-
gentina. The participants were contacted by telephone between November 2021 and September
2022 to collect data on their functional status. Ordinal logistic regression was used to identify
factors associated with functional limitations after discharge. Results: Among the 374 included
patients, 205 (55%) showed functional limitations, including 58 (28%) who died during fol-
low-up. The factors independently associated with functional limitations were low baseline func-
tional status (odds ratio [OR]=9.19; 95% confidence interval [Cl], 3.35-25.17) and admission to
the intensive care unit (OR=4.41; 95% Cl, 2.28-8.53). Men had lower odds of functional impair-
ment (OR=0.55; 95% Cl, 0.35-0.86). Conclusion: Older patients had high mortality rates and
poor functional status at 2 years post-discharge for COVID-19. Several factors at the time of dis-
charge were associated with a higher risk of functional limitations and can be used to identify
patients' long-term needs for support and rehabilitation services.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), was first re-
ported in December 2019 in Wuhan, China.” It subsequently
spread rapidly worldwide and was declared a pandemic by the
World Health Organization in 2020. COVID-19 has high infection
rates, significant morbidity, and mortality rates.” Although the
prevalence and mechanisms are not yet fully understood, several
studies have reported persistent symptoms following acute
COVID-19. This entity involves multiple systems and has been la-
beled as “long COVID-19 syndrome” or “post-COVID-19 syn-

drome.” The possible contributing factors include residual organ

damage, persistent systemic inflammation, effects of hospitaliza-
tion, and associated comorbidities.” Because of the number of in-
dividuals affected and the substantial impact on well-being, the
short- and long-term sequelae of COVID-19 have emerged as ma-
jor public health concerns.””

The impact of COVID-19 on physical and mental health has
been documented.”” Studies have described functional status lim-
itations after COVID-19 among patients with mild-to-severe acute
disease, with more frequent and severe functional limitations after
hospitalization. Huang et al"'” showed that up to 47% of patients
requiring intensive care unit (ICU) admission experienced func-
tional limitations 6 months after discharge, compared to 25% to

30% of other hospitalized patients. However, little is known about
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the rates of functional impairment in older patients hospitalized
for COVID-19, a group at a higher risk of poor outcomes. Data
from this vulnerable patient group are critical for planning appro-
priate rehabilitation care after discharge.

This study described the frequency and risk factors for function-
al limitations in older adults hospitalized for acute COVID-19 at
two large tertiary care medical centers in Argentina.

MATERIALS AND METHODS

Study Design and Participants

We used data from a multicenter, ambispective cohort study con-
ducted at Dr. César Milstein Hospital, a university hospital located
in Buenos Aires City, Argentina, managed by the National Institute
of Social Services for Retirees and Pensioners (INSSJP/PAMI),
and the Regional Hospital Dr. Victor Sanguinetti, a public hospital
in the city of Chubut, Argentina, and associated with the National
University of Patagonia San Juan Bosco. This study was approved
by the Institutional Review Boards of IRB Hospital Dr. César Mil-
stein (No. 5265) and Hospital Dr. Victor Sanguinetti (No. 03/
2023). Also, this study complied the ethical guidelines for author-
ship and publishing in the Annals of Geriatric Medicine and Re-
search."” Eligible participants were adults > 60 years of age who
survived hospitalization for acute COVID-19 at one of the partici-
pating hospitals between April 2020 and March 2022. SARS-
CoV-2-19 infection was determined based on a positive poly-
merase chain reaction (PCR) or rapid antigen test. We excluded
patients who could not be contacted by phone for follow-up and
those who did not agree to participate in the study.

Procedures

The participants were contacted by phone between November
2021 and September 2022 by trained study personnel, who con-
ducted interviews to collect data on the study variables using a
standardized questionnaire. Additional information was obtained
from an institutional registry containing the sociodemographic
and clinical characteristics of all patients admitted for COVID-19
to Victor Sanguinetti Hospital. We also reviewed the medical re-
cords of patients admitted to both hospitals to complement the
survey data. Finally, we reviewed the INSSJP/PAMI registry to
identify patients who died after discharge and extracted data on
the date of death.

The sociodemographic data included age, sex, and years of edu-
cation (elementary/middle school, high school, college, or doctor-
al degree). We obtained information from medical records regard-
ing comorbidities at admission, including a history of cardiovascu-
lar disease, cerebrovascular disease, chronic obstructive pulmonary
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disease (COPD), asthma, diabetes (DM), and cancer.

We used the Katz Index to characterize the patients’ ability to in-
dependently conduct activities of daily living before admission,
which was collected by self-report at the time of the follow-up call.
The instrument evaluates six basic functions of daily living (bath-
ing, dressing, feeding, toilet use, continence, and mobility) and
summarizes the patient’s status into eight categories, from total in-
dependence (A) to high dependence (H; loss of all functions).
Hospitalization-related variables included ICU admission and
length of hospital stay. The disposition locations (home vs. nurs-
ing home) at discharge were collected from medical records.

Outcomes

The primary outcome was functional status post-discharge, which
was assessed at the time of the follow-up call using the Latin-Amer-
ican version of the Manual for the Post-COVID-19 Functional
Status Scale.'” This validated scale classifies functional status into
the following categories: no functional limitation (ability to live
alone and perform daily activities without help and without expe-
riencing symptoms); minimal functional limitation (ability to per-
form daily activities but with symptoms); mild functional limita-
tion (need to reduce or avoid certain daily activities because of
symptoms); moderate limitation (ability to perform certain daily
activities but loss of ability to perform others); severe functional
limitation (inability to live independently and perform daily activi-
ties); and death. For the analysis, we grouped the minimal, mild,
moderate, and severe categories to create a four-level variable indi-
cating no limitation, mild limitation, moderate limitation, or death.

Statistical Analysis

The baseline characteristics of the study participants according to
the four categories of functional status limitation were compared
using analysis of variance (ANOVA), Kruskal-Wallis test, or chi-
square test, as appropriate. The distribution of functional status
impairments in the first year and > 1-year post-discharge was cal-
culated using descriptive statistics.

We used ordinal logistic regression to assess the independent as-
sociations of age, sex, education, history of cardiovascular disease,
COPD, asthma, DM, baseline Katz index, ICU admission, length
of stay, and discharge disposition with functional status. Regarding
the age variable, we used a range between 60 and 70 years old as a
reference value. For the multivariate analysis, we collapsed the Katz
Index into Katz A as the reference value (no impairment in per-
forming daily living activities), Katz B (mild impairment), and
Katz C or worse (major impairment). The model was also adjust-
ed for the time from discharge to the follow-up call to control for
potential changes in functional status over time.
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Power calculations showed that with a sample of approximately
370 patients, the study had >80% power to identify predictors,
with a prevalence of 30% and a 15% absolute difference in func-
tional status.

The statistical analyses were conducted using Stata version 13
(Stata Corporation, College Station, TX, USA) with two-tailed

p-values and a significance level of 0.05.

RESULTS

From November 2021 to September 2022, 623 patients were ad-
mitted for COVID-19 at Dr. César Milstein Hospital and were eli-
gible for inclusion. Of these, 192 (30%) were excluded due to
in-hospital death, and 89 (14%) were excluded due to age <60
years (3%), inability to be contacted (10%), or refusal to partici-
pate (1%), leaving a cohort of 342 patients. We also included 32
patients admitted to Dr. Victor Sanguinetti Hospital, resulting in a
final cohort of 374 patients (Fig. 1). The median time from dis-
charge to follow-up was 425 days (interquartile range [IQR], 322~
495 days). Interviews were conducted during the first year and be-
tween 12 and 24 months post-discharge in 133 (35%) and 240
(64%) participants, respectively.

Baseline characteristics and hospitalization-related variables ac-
cording to functional status are shown in Table 1. Patients with
worse functional status or those who died after discharge were old-
er (p<0.001), more likely to be female (p=0.009), and less likely
to have completed elementary/middle school (p=0.02). The two
most prevalent comorbidities among the study participants were
hypertension (68.1%) and DM (71.4%). Heart failure, chronic
kidney disease, dementia, and cancer were more common in pa-
tients who died after discharge (p=0.04, p=0.02, p<0.001, and
p=0.005, respectively). The levels of functional status at baseline
differed significantly across the groups, with more severe impair-

COVID-19 patients
(Hospital Dr. César Milstein)

In-hospital death
n=192 (30%)

COVID-19 patients
(Hospital Dr. Victor
Sanguinetti) n=32

Ineligible n=89
<60 years old (n=18)
Refused to participate (n=9)
Not reachable (n=62)

Study cohort
n=374

Fig. 1. Consort diagram.

ment associated with worse post-discharge outcomes (p < 0.001).
The median overall length of stay was 12 days (IQR, 8-21 days),
with longer stays in older patients with worse functional status
post-discharge (p < 0.001). ICU admission during hospitalization
(p=0.003) and discharge to a rehabilitation or nursing home facil-
ity (p<0.001) were associated with poor functional outcomes
post-discharge (Table 2).

Among 136 patients (36%) with 1-year follow-up data, 29.4%,
13.2%, and 22.7% reported no, mild, and moderate/severe limita-
tions, respectively, while 35.3% of the patients had died. Among
the 237 patients followed up at 2 years post-discharge, 53.5%,
16.4%, and 25.7%, reported no, mild, and moderate/severe limita-
tions, respectively, while 4.2% had died (Fig. 2).

The factors significantly associated with functional limitations
post-discharge in adjusted analyses were older age (odds ratio
[OR] =1.86; 95% confidence interval [CI], 1.14-3.03), worse
baseline functional status—Katz B (OR=9.19; 95% CI, 3.35—
25.17), Katz C or worse (OR = 13.30; 95% CI, 6.02-29.36)—and
ICU admission (OR =4.41; 95% CI, 2.28-8.53). Conversely, male
sex was associated with lower odds of functional limitations
(OR=0.55; 95% CI, 0.35-0.86). Additionally, the model showed
a significant association between the time since discharge and
functional status, e.g,, for every 6-month period after discharge, the
odds of an increase in the functional limitation scale decreased by
0.50 (95% CI, 0.37-0.66).

DISCUSSION

COVID-19 is associated with multiple long-term conditions that
can substantially and negatively affect patient health and quality of
life. In this study, we observed high levels of functional limitations
up to 2 years post-discharge from hospitalization among older
adults with COVID-19. Additionally, we identified several predic-
tors of poor functional status and mortality that could help identify
patients who may require home support and/or rehabilitation ser-
vices after discharge. This information can guide discharge plan-
ning and inform the development of interventions to support the
health and maintain the independence of older adults requiring
hospitalization for acute COVID-19.

Previous studies described the functional outcomes of patients
admitted to hospital for COVID-19. A cohort study of 318 older
patients who survived hospitalization for COVID-19 showed a
36% prevalence of functional limitations 3 months after dis-
charge.m Consistent with our findings, Battistela et al."” found
that 71% of COVID-19 survivors reported limitations in their dai-
ly activities 11 months post-discharge from the hospital. In addi-
tion, a Chinese ambispective cohort study including data from
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Table 1. Sociodemographic and clinical baseline characteristics of study population

Functional limitation

Variable el a=ere) No limitation (n=167) Mild/moderate (n=57)  Severe (n=91) Death (n=S58) p-value
Age (y) 73 (68-79) 72 (67-77) 71 (67-75) 75 (70-80) 77 (72-82) <0.001

60-70 136 (36.46) 79 (47.31) 24 (42.11) 23(25.27) 10 (17.24)

71-80 171 (45.84) 66(39.52) 27 (47.37) 49 (53.85) 29 (50.00)

81-90 57(15.28) 21 (12.57) 4(7.02) 15 (16.48) 17 (29.31)

>90 9(241) 1(0.60) 2(3.51) 4(4.40) 2(3.45)
Sex

Female 212 (56.8) 80 (47.9) 37 (64.9) 62 (68.1) 33(56.9) 0.009

Male 161 (43.2) 87 (52.1) 20(35.1) 29 (31.9) 25(43.1)
Education

Primary or lower 198 (57.3) 84(50.9) 26 (49.1) 65 (74.7) 23(57.5) 0.002

High school or superior 147 (42.6) 81(49.1) 27(50.9) 22(25.3) 17 (42.5)
Hypertension 254 (68.1) 104 (62.3) 38 (66.7) 68 (74.7) 44(75.9) 0.11
Diabetes 267 (714) 47(28.1) 18 (31.6) 26 (28.6) 15(25.9) 0.92
COPD/asthma 53(14.2) 22(13.2) 6(10.5) 14 (154) 10(17.2) 0.72
Coronary heart disease 33(8.8) 13(7.8) 4(7.0) 7(7.7) 9(15.5) 028
Heart failure 26(7.0) 6(3.6) 3(53) 9(9.9) 8(13.8) 0.04
Cerebrovascular desease 10(2.7) 2(12) 2(3.9) 3(3.3) 3(52) 0.38
Dementia 25(6.7) 1(0.6) 0(0) 16 (17.6) 8(13.8) <0.001
Chronic kidney disease 17 (4.6) 5(3.0) 1(1.8) 4(44) 7(12.1) 0.02
Solid cancer 0(0) 11 (6.6) 4(7.0) 3(33) 11(19.0) 0.005
Hematologic cncer 11(2.9) 3(1.8) 1(1.8) 2(22) 5(8.6) 0.05
Baseline Katz Index

A 300 (83.5) 166 (99.4) 54(94.7) 60 (65.9) 20 (45.5) <0.001

B 25(69) 1(0.6) 1(1.7) 8(8.7) 15(34.1)

C orworse 34(9.5) 0(0) 2(3.9) 23(252) 9(20.4)
Length of stay (day) 12 (8-21) 10 (7-16) 11 (7-16) 14 (9-28) 20 (11-37) <0.001
ICU requirement 42(11.2) 8(4.8) 7(12.3) 18(19.8) 8(13.8) 0.003
Discharge disposition

Home 326 (87.4) 159 (95.2) 53(93.0) 66(73.3) 48(82.8) <0.001

Other 47 (12.6) 8 (4.8) 4(7.0) 24(26.7) 10(17.2)

Values are presented as median (interquartile range) or number (%).
COPD, chronic obstructive pulmonary disease; ICU, intensive care unit.

2,469 survivors of COVID-19 hospitalization, also showed worse
functional status rates compared to healthy controls 2 years after
discharge."”)

In this study, we observed that male sex was associated with a
lower likelihood of functional limitations. Likewise, worse baseline
functionality, older age, and ICU admission were associated with
poorer functional status. These findings are consistent with those
of previous studies.”*"”

Moreover, our analyses showed that admission was associated
with increased functional limitations and/or mortality after dis-
charge. Previous studies described functional impairments follow-
ing ICU admission owing to COVID-19 and other critical illness-
es. Cavalleri et al.”” assessed functional status 1 year after hospital
discharge and found that approximately 35% of critically ill pa-
tients experienced functional limitations without significant differ-

ences between those admitted as a consequence of COVID-19
and other conditions.

High rates of functional limitation after hospitalization have also
been reported in patients not requiring critical care. A pre-pan-
demic prospective cohort of 230 older adults discharged from Mil-
stein Hospital reported a 68% rate of short-term functional limita-
tions.”" Long-term functional limitations after a non-COVID-19
acute illness requiring hospitalization were also reported in 27% of
369 patients in a Spanish cohort.”” These findings suggest that the
high rates of long-term functional disability observed in our cohort
may not solely be due to COVID-19, and may also represent the
impact of acute disease, hospital-related complications, baseline
limitations in functional status, comorbidities, and the well-de-
scribed “post-ICU syndrome.””**”

We observed a 1-year post-discharge mortality rate of 12.8% and
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Table 2. Adjusted associations between baseline characteristics and functional status after discharge

Characteristic Crude OR (95% CI) p-value Adjusted OR (95% CI) p-value
Sex, male 0.61 (0.41-0.89) 0.012 0.55(0.35-0.86) 0.009
Age (y)
60-70 Ref. NA Ref. NA
71-80 2.31 (1.50-3.54) 0.000 1.86 (1.14-3.03) 0.012
81-90 3.50(1.93-6.36) 0.000 1.75 (0.83-3.66) 0.138
>90 4.90 (1.56-15.45) 0.007 2.79 (0.77-10.12) 0.118
Education, > elementary school 0.58 (0.39-0.87) 0.009 0.75 (0.48-1.16) 0.195
Katz Index
Level A Ref. NA Ref. NA
Level B 29.84 (12.30-72.39) 0.000 9.19 (3.36-25.17) 0.000
Level C or worse 11.70 (5.95-23.00) 0.000 13.30 (6.02-29.36) 0.000
Hypertension 1.65 (1.10-2.48) 0.016 1.30 (0.81-2.08) 0278
Diabetes 0.96 (0.64-1.45) 0.860 0.93 (0.56-1.53) 0.768
COPD/asthma 1.24 (0.72-2.13) 0.430 1.36 (0.72-2.56) 0.344
Intensive care admission 243 (1.39-4.26) 0.002 441 (2.28-8.53) 0.000
Time from discharge, per 6 months 042 (0.34-0.54) 0.000 0.50 (0.37-0.66) 0.000

COPD, chronic obstructive pulmonary disease; OR, odds ratio; CI, confidence interval; NA, not applicable.

1-year post-discharge (n=11) 2-year post-discharge (n=237)

4.29

29.4%

25.7%

M 1=None
M 3=Moderate to severe

2=Minimal and mild
4=Dead

Fig. 2. Functional status distribution among older patients discharge
following COVID-19 hospitalization. Most deaths occurred during
the first year post-discharge. More than 50% of patients had no func-
tional limitations >1-year post-discharge.

a cumulative mortality at 2 years of 16%. Other studies on older
patients with acute COVID-19 showed heterogeneous long-term
survival outcomes, ranging from < 4% to 139%.°7Y High mortality
rates (up to 20% or 33%) because of non-cardiovascular acute ill-
nesses were observed in older adults discharged from hospitals.Z]’zz)
Similarly, cohorts of survivors of critical illness associated with re-
spiratory failure in the pre-COVID-19 era reported mortality rates
0f 17% and 38% at 6 months and 2 years, respectiveI)L29) These dif-
ferences may be related to the baseline characteristics and pre-ad-
mission functional statuses of the populations reported in these

studies.

This study had several strengths and limitations that should be
considered when interpreting the results. The strengths of this
study include the use of a well-validated scale to measure function-
al status, which was specifically designed to assess patients post-
COVID-19. Additionally, we followed the participants for up to 2
years post-discharge to assess the long-term outcomes. The limita-
tions of this study included the limited study sites. While we in-
cluded patients from two large medical centers, most participants
were admitted to Dr. César Milstein Hospital, which potentially
limits the generalizability of our results. However, Dr. César Mil-
stein is a major medical center in Buenos Aires that serves a large
population of publicly insured inner-city older adults. Additionally,
we collected self-reported data (e.g., pre-admission functional sta-
tus) several months post-discharge, which may have been influ-
enced by recall bias. However, several variables were obtained from
medical records or institutional registries at the time of admission.
Finally, we did not include a control group of patients without
COVID-19. Thus, we could not explore whether the observed
limitations in functional status were specifically related to
COVID-19 or were generally associated with the need for hospi-
talization or ICU stay.

In conclusion, the results of our study showed relatively high
rates of early severe functional limitations and mortality among
older adults post-discharge for COVID-19. Our findings can help
identify patients at high risk of poor functional outcomes following
discharge and plan home support interventions to assist the needs
of these patients. Early recognition and rehabilitation programs
may be required to effectively prevent or manage the long-term
complications of severe COVID-19 in older adults.
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