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Abstract

Objectives: This study seeks to analyze physical function and frailty transitions in older
adults at 1, 12, and 18 months after hospital discharge for coronavirus disease (COVID-19).
Furthermore, we examined risk factors associated with patterns of changes. Methods: This
is an observational, longitudinal, unicentric study. Participants aged >80 years who were
admitted to a Spanish tertiary hospital and survived COVID-19 were included. Functional
status was evaluated at baseline and after 1, 12, and 18 months of discharge using the Barthel
Index (BI) and Functional Ambulation Category (FAC), and frailty was assessed using the
FRAIL scale. Clinical, sociodemographic, and functional parameters were evaluated as
covariates. Results: Two hundred and thirty-three individuals (mean age 86.2 & 4.0 years,
48.9% men) were included. Patterns of changes were classified into three categories as follows:
no changes (i.e., same score at baseline and follow-up), improvement (i.e., better results at
follow-up), and worsening (i.e., detriments at follow-up). Worse frailty status at baseline
[relative risk ratio (RRR) = 1.39] and longer length of stay (RRR = 1.03) were associated with
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1. Introduction

The World Health Organization (WHO) estimates that 778 million individuals have
been infected by the coronavirus SARS-CoV-2 since 2019, which is responsible for more
than 7 million deaths around the world, mainly due to respiratory complications [1,2].
Spain was one of the most affected countries, with 14 million cases and 122,000 deaths
confirmed so far [1]. Older adults are particularly vulnerable to SARS-CoV-2 and exhibit
the worst prognosis [3].

Indeed, the susceptibility and fatality rates to SARS-CoV-2 increase as individuals age,
with results indicating that nearly 90% of the mortality rates occur among older adults [3,4].
Notably, more than 50% of the mortality rates reflect deaths in individuals 80+ years [4],
which represents a 5-fold higher mortality risk in comparison to other age groups [3].

Functional problems are a common result of SARS-CoV-2 [5]. For instance, data from
the Canadian Longitudinal Study on Aging found that COVID-19 survivors were at a
higher risk of worsening mobility and physical function, compared to those not infected [5].
These findings were expanded by Pérez-Rodriguez et al. [6] and Prampart et al. [7], who
reported significant physical impairments in 20% of older adults infected by COVID-19,
while worsening in frailty status was observed in 27%. This scenario is not easily reversed,
as observed in a Spanish study that found that functional decline persisted in nearly 50%
of the examined individuals after 6 months of discharge [8,9].

The early identification of those individuals at elevated risk of negative events is
critical to promoting prompt interventions, improving prognosis, and reducing disease
burden. Numerous candidate variables (e.g., sociodemographic, health, economic, COVID-
19 severity) linked to worsening functionality and frailty have been investigated. Results are
still scarce for some of them, whereas others remain conflicting. Furthermore, some of the
significant risk factors are not routinely examined in clinical practice, which indicates that
their evaluation will be restricted to some studies, limiting their assumption as important
predictor parameters [10].

Particularly, severe dependence at baseline and after discharge increases the risk of
persistent functional deterioration at three months by 24-fold [6,9]. Other risk factors
include age, length of hospital stay, comorbidities, biochemical profile, and complications
due to COVID-19 [7,11-15]. However, most of these findings refer to young populations
followed by short-term periods [16-18].

Based on these premises, the present study aimed at analyzing the long-term (18
months) trajectories of physical function and frailty among very old adults discharged after
COVID-19 hospitalization. Furthermore, numerous potential risk factors were examined.

2. Material and Methods
2.1. Study Design and Participants

This is an observational, longitudinal, and monocentric study. The study was con-
ducted according to the principles of the Declaration of Helsinki, and the protocol was
approved by the Research Ethical Committee of the Clinical San Carlos Hospital (22/099-E,
18 February 2022). Written informed consent was obtained from all participants or their
legal representatives, when necessary, prior to enrollment. The study was conducted in
accordance with the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines [19].

Data were obtained from patients aged 80 years and older diagnosed with SARS-
CoV-2 infection who were consecutively admitted to a university tertiary hospital located
in Madrid, Spain, between 4 March 2020 and 16 May 2020. This hospital is one of the
biggest in Spain and is located in the city center of Madrid. The hospital comprises more
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than 5 thousand professionals and 929 beds and is responsible for the healthcare of nearly
400 thousand individuals.

Follow-up visits were performed 1, 12, and 18 months after discharge. Only data
of those individuals who had completed data for the entire follow-up period and were
diagnosed using a polymerase chain reaction test were analyzed.

2.2. Main Outcomes

Functional status was evaluated using two self-reported assessment tools, namely,
the Barthel Index (BI) and the Functional Ambulation Category (FAC), while frailty was
identified using the FRAIL scale. Follow-up interviews were conducted by one trained
geriatrician at 1, 12, and 18 months after baseline data collection through telephone contact
with participants or their caregivers, in cases where it was necessary. Functional and frailty
trajectories were classified into three groups (no changes, improvement, and worsening) in
each follow-up evaluation, in comparison to baseline, according to changes of >5 points
in the BI [20] and >1 in the FAC and FRAIL scales [21,22], regardless of the direction (i.e.,
increase or decrease).

2.2.1. Barthel Index

The Barthel Index (BI) is a 10-item, self-reported instrument widely used to evaluate
an individual’s ability to independently perform activities of daily living (ADL). These
activities include feeding, bathing, grooming, dressing, bowel and bladder control, toilet
use, transfers (e.g., moving from bed to chair), mobility on level surfaces, and stair climb-
ing [20]. Each item reflects a fundamental domain of functional autonomy, and responses
quantify the degree of assistance required for task completion. The BI produces a final score
ranging from 0 to 100, with higher scores indicating greater functional independence. This
scoring framework allows clinicians and researchers to classify individuals according to
their level of dependency. Scores between 90 and 100 denote full or near-full independence,
whereas scores of 60 to 85 indicate mild dependency. Individuals with scores in the 30 to
55 range are considered to have moderate dependency, while those scoring below 30 are
categorized as having severe dependency. This categorization supports clinical decision
making, rehabilitation planning, and the monitoring of functional outcomes over time.

2.2.2. Functional Ambulation Category

The FAC scale assesses the ability to walk and move independently through the exam-
ination of the degree of physical support and/or supervision required during ambulation,
regardless of the utilization of assistive devices [22]. Results are classified into six categories
ranging from 0 (i.e., Nonfunctional Ambulation) to 5 (i.e., Ambulator-Independent), with
higher scores indicating greater independence.

2.2.3. FRAIL

Frailty status was identified with the FRAIL scale [21]. This assessment tool evaluates
the presence of frailty through the self-reported presence of fatigue, resistance, ambulation,
illness, and unintentional weight loss. A point is given for the presence of each condition.
Participants who met no criteria are classified as robust, prefrail (1-2 criteria), and frail
(>3 criteria).

2.3. Risk Factors

Risk factors included variables from distinct domains: (a) sociodemographic (i.e., age,
sex, and setting); (b) comorbidities, using the Charlson index [23] and the Cumulative Illness
Rating Scale-Geriatric (CIRS-G) [24]; (c) usual pharmacological therapy, which was classified
into three groups, including no polypharmacy (<5 drugs), polypharmacy (5-9 drugs), and
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hyperpolypharmacy (>10); (d) oxygen saturation at baseline; (e) pneumonia, confirmed by
chest X-ray performed at admission; (f) inflammation, according to C-reactive protein (CRP)
and procalcitonin values; and (g) length of stay. These variables were selected after a detailed
review of the literature and according to the findings of a prior study of our group [13].

2.4. Statistical Analysis

Continuous and categorical variables are expressed as means £ standard deviations
and absolute numbers (%), respectively. Data distribution was tested using the Kolmogorov-
Smirnov Test. One-way analysis of variance (ANOVA) was conducted to evaluate changes
in functional and frailty status across the different assessment points. A longitudinal
visualization of frailty and functional trajectories was created using Sankey diagrams using
the Flourish Studio (CANVA®, London, UK). To assess changes in functional and frailty
status over time, the McNemar—-Bowker test for paired multinomial data was performed.
This test was used to compare transitions between baseline and 1 month, 1 and 12 months,
and 12 and 18 months.

Multinomial regressions were performed to examine the associations between candi-
date risk factors and study outcomes. The “no change” group—those who did not exhibit
variations of >5 points in the Bl and >1 in the FAC and FRAIL scales—was used as the ref-
erence category. Analyses were adjusted for age and sex (model 1); model 1 + comorbidities,
according to the CIRS-G (model 2); model 2 + CRP (model 3); and model 3 + polypharmacy
(model 4). Results are shown as relative risk ratios (RRR) and their respective 95% confi-
dence intervals (95% CI). The level of significance was set at p-value < 0.05. All analyses
were performed with STATA (version 14.0; Stata Corp., College Station, TX, USA).

3. Results
3.1. Study Flowchart

The flowchart of the present study is shown in Figure 1. Two hundred eighty-one
older adults were enrolled in the study. Fifteen participants died, and thirty-three did not
answer telephone calls during the follow-up. Then, data of 233 participants were examined.
No significant differences for the variables examined were observed between included and
non-included participants.

March — May
2020
n=499 COVID-19
admissions
In-hospital death:
N=218
y
n=281
4 Death during the follow-up n=15
Impossible to contact at follow-up n=33
A 4
n=233

Figure 1. Flow chart of the participants included in the study.
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3.2. Participant Characteristics

The main characteristics of the study participants are shown in Table 1. Average par-
ticipant age (86.2 £ 4.0) confirms that the examined sample refers to very old adults. Most
participants were women (51.1%) and community dwellers (86.3%). The mean length of
stay was 15.2 + 0.7 days. Average Bl results (85 + 1.4) indicate that participants had a mild
dependency at admission, with a conserved mobility status, according to FAC scores (4.2 +
0.1). The majority of participants were prefrail (59.7%), while some were robust (23.6%), and
a few were frail (16.7%). The most prevalent conditions were hypertension (80.3%), heart
failure (27.9%), and diabetes (27%). Polypharmacy and hyperpolypharmacy were observed
in 39.5% and 24% of the sample, respectively. In total, 40.3% of the patients had unilateral
pneumonia at their hospital admission, while 43.8% presented bilateral pneumonia.

Table 1. Sociodemographic factors, functional status, and chronic morbidities at baseline in old
patients discharged after COVID-19 (n = 233).

Sociodemographic variables

Age; mean (SD) 86.2 (4.0)
Male; n (%) 114 (48.9)
Length stay; mean (SD) 15.2 (0.7)
Living; n (%)

Community dwelling 201 (86.3)

Nursing home 32 (13.7)
Functional status variables
Barthel Index; mean (SD) 85.0 (1.4)
Lawton and Brody Index; mean (SD) 4.9 (0.4)
Functional Ambulatory Classification; mean (SD) 4.2 (0.1)
FRAIL scale; mean (SD) 1.4 (0.1)
Comorbidities
Hypertension; n (%) 187 (80.3)
Diabetes; n (%) 63 (27.0)
Chronic obstructive respiratory disease; n (%) 38 (16.3)
Tuberculosis; n (%) 6 (2.3)
Heart failure; n (%) 65 (27.9)
Ischemic cardiopathy; n (%) 32(13.7)
Dementia; n (%) 41 (17.6)
Chronic renal failure; n (%) 46 (19.7)
Cerebrovascular disease; n (%) 18 (7.7)
Cancer; n (%) 49 (21.0)
CIRSG score; mean (SD) 10.4 (0.3)
Charlson score; mean (SD) 5.7 (0.1)
Polypharmacy; n (%)

No (<5) 85 (36.5)

Yes (5-9) 92 (39.5)

Hyperpolypharmacy (>10) 56 (24.0)
Clinic, laboratory, and X-ray findings
Oxygen levels; mean (SD) 93.3(0.3)
C-reactive protein; mean (SD) 7.9 (0.4)
Procalcitonin; mean (SD) 0.4 (0.1)
Chest X-ray; n (%)

No pneumonia 37 (15.9)

Unilateral pneumonia 94 (40.3)

Bilateral pneumonia 102 (43.8)

SD: Standard deviation; %: percentage.
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3.3. Functional Trajectories

Changes in Bl and FAC results over the follow-up are shown in Table 2. Significant
decreases in both BI and FAC scores were observed across the follow-up in comparison to
baseline. Functional trajectories across the follow-up are shown in Table 3 and Figure 2.
No changes (i.e., same score at baseline and follow-up), improvement (i.e., better results at
follow-up), and worsening (i.e., detriments at follow-up) patterns of changes were observed.
Most participants exhibited worsening in their functional condition. Specifically, nearly 50%
suffered significant decreases in Bl after 1 month, while 33.4% had reduction in FAC. These
rates of impairment were virtually consistent throughout the entire follow-up. Significant
changes in functional dependency categories were observed over time, with a pronounced
shift occurring between baseline and 1 month ()(2 =68.10, df =9, p < 0.001). In addition,
substantial asymmetries in paired flows were observed, most notably the large movement
from full independence to mild dependence (41 individuals vs. 11 in the opposite direction)
and from mild to moderate dependence (13 vs. 3). In contrast, no significant changes
were detected between 1 and 12 months (x? = 5.86, df = 6, p = 0.440), and the distribution
remained relatively stable between 12 and 18 months (x% = 8.00, df = 4, p = 0.092), reflecting
a plateau in functional status beyond the initial follow-up period.

Table 2. Mean (SD) of functional variables at baseline, 1 month, 12 months, and 18 months after
discharge for COVID-19 (n = 233).

12 18

BASELINE 1 MONTH p Value MONTHS p Value MONTHS p Value
BARTHEL INDEX 85.04 +1.44 76.33 £1.75 <0.001 759 +£1.79 <0.001 7515+ 1.83 <0.001
FRAIL SCALE 1.39 +0.08 2.36 £0.10 <0.001 2.09 £ 0.09 0.004 2.16 £+ 0.09 0.002
FUNCTIONAL
AMBULATORY 4.24 +0.09 3.61 £0.11 <0.001 3.69 £0.11 <0.001 3.62 £0.11 <0.001
CLASSIFICATION

p-Values for differences in means were obtained using ANOVA or Kruskal-Wallis tests, as appropriate.

Baseline 1 month 12 months 18 months

74 Fullindependence

Fullindependence 116

99 Mild dependence

Mild dependence 89

32 Moderate dependence

Moderate dependence 14

s 25 S ds ds 27 28 Severe dependence
Severe dependence 14 .

Figure 2. Transitions between dependency levels according to the Barthel Index across the study
follow-up. This Sankey diagram illustrates the longitudinal changes in functional status from baseline

to 1,12, and 18 months, as measured using the Barthel Index. Each color represents a dependence
category (dark blue for full independence, medium blue for mild dependence, and light blue for
moderate to severe dependence). The width of the bands is proportional to the number of participants
transitioning between states. The figure highlights both improvement and deterioration in functional
independence over time, demonstrating the dynamic nature of disability status during follow-up.
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Table 3. Changes in functional variables at 1 month, 12 months, and 18 months after discharge for
COVID-19, compared to baseline situation (n = 233).

1MONTH p Value 12 MONTHS p Value 18 MONTHS p Value
No Impro- Wors- No Impro- Wors- No Impro- Wors-
Changes  vement ening Changes  vement ening Changes  vement ening
BARTHEL INDEX 123 105 120 107 116 111
n, % (52.79) 5(2.15) (45.06) <0.001 (51.50) 6(2.58) (45.92) <0.001 (49.79) 6(2.58) (47.64) <0.001
FRAIL SCALE 94 136 111 116 105 121
(n, %) @3y A2 5537  <0O0Typgy 6(238)  (g97g) <0001 y5he  6(2538) (575 <0001
FUNCTIONAL
AMBULATORY 152 162 69 156 75
CLASSIFICATION  (6524)  3(129)  78(3348) <0001 (g% 2(086)  (p9¢y <0.001 6695 2080 (3779 <0.001
(n, %)

p-Values for differences were obtained from chi-square tests.

3.4. Frailty Trajectories

Changes on FRAIL results over the follow-up are shown in Table 2. Significant
impairments in FRAIL scores were observed across the follow-up period in comparison
to baseline. Frailty trajectories across the follow-up are shown in Table 3 and illustrated
in Figure 3. After 1 month of discharge, 6 in 10 participants exhibited worsening in frailty
status. This value was virtually and slightly reduced in the following evaluation points,
but was maintained nearly to 50%. Significant changes in frailty status were observed
over time, with a marked shift in category distribution from baseline to 1 month (x? = 88.0,
df = 3, p < 0.001), particularly the flows from robust to prefrail (22 vs. 0 in the opposite
direction), robust to frail (7 vs. 0), and prefrail to frail (59 vs. 0). No significant changes
were detected between 1 and 12 months (x2 =6.07, df =3, p = 0.108) or between 12 and 18
months (x? = 3.47, df = 3, p = 0.325).

Baseline 1 month 12 months 18 months
27 Robust
Robust 55
Pre-frail 102 .
Pre-frail 115 113 Pre-frail
’ 4
Pre-frail 139
——
Frail 105 ‘
Frail 88 92 Frail
Frail 39

Figure 3. Transitions between frailty states (robust, prefrail, and frail) across the study follow-up.
This Sankey diagram illustrates the longitudinal changes in frailty status from baseline to 1, 12, and 18
months. Each color represents a frailty category (blue for robust, pink for prefrail, and light blue for
frail), and the width of the bands is proportional to the number of participants transitioning between
states. The figure highlights both progression and recovery patterns over time, showing the dynamic
nature of frailty status among participants.

3.5. Assessment of Risk Factors

Results of multinomial regressions are shown in Table 4. In the fully adjusted model
(model 4), age, length of stay, baseline BI (except in the 1 month after discharge), and frailty
status were all independently and significantly associated with worsening Bl. Among these
risk factors, frailty status showed the highest RRR values.
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Table 4. Factors associated with a decline in the functional situation (according to the Barthel Index, FRAIL score, and Functional Ambulatory Classification) among
older adults discharged after COVID-19 disease.

AGE GENDER LENGTH STAY BI FRAIL SCORE FAC COMORBIDITIES CRE PNEUMONIA OXYGEN POLYPHAR-
. ) 3 , S S 5 S
RRR (95% CI) RRR (95% CI) RRR (95% CI) RRR (95% CI) RRR (95% CI) RRR (95% CI) RRR (95% CI) o RRR (95% CI) RRR 5oeCD) RRR (0551 CI)
Unilateral Bilateral
BI worsening
}n'gf’]%gh) 1.09 (1.02-1.17) ** 0.84 (0.49-1.44) 1.03 (1.00-1.07) * 101(0.98-1.02) 143 (L12-182)** 082 (0.67-1.02) 0.85 (0.65-1.12) 1.01 (0.97-1.05) 1.03(046-2.30) 088 (040-191) 099 (094-1.06) 151 (0.93-2.46)
1(2n “:“’1%%5 1.12 (1.04-1.20) ** 0.76 (0.44-1.31) 1.03 (1.00-1.07) * 1.01(100-1.03)* 138 (L09-175)** 0.8 (0.68-1.04) 0.83 (0.64-1.09) 1.00 (0.95-1.04) 107 (048-242)  085(0.39-185)  102(097-1.09) 097 (0.60-1.58)
1&‘:"{1"1};5 1.11 (1.04-1.19) ** 0.77 (0.44-1.32) 1.03 (1.00-1.06) * 1.01(1.00-1.03) * 137 (L08-174)**  0.84 (0.68-1.03) 0.85 (0.65-1.11) 0.99 (0.95-1.04) 1.02(045-229)  0.83(0.38-1.82)  1.03(0.97-109) 099 (0.61-1.60)
FRAIL
worsening
gn‘i"lrég‘) 1.01 (0.94-1.08) 0.72 (0.42-1.24) 1.02 (0.99-1.04) 0.99 (0.97-1.02) 132 (104-169) % 124 (1.01-1.52) * 1.10 (0.84-1.43) 0.99 (0.96-1.04) 110(0.49-248)  092(042-199)  101(095-1.07)  1.06 (0.66-1.70)
1(2n “:“’ﬂtg;s 1.03 (0.96-1.10) 0.79 (0.46-1.36) 1.03 (0.99-1.06) 1.00 (0.98-1.01) 1.29 (1.01-1.66) * 1.21 (0.98-1.49) 1.29 (0.98-1.68) 0.97 (0.93-1.02) 164(0.73-3.69)  1.04(048-226)  102(096-108)  1.07 (0.66-1.70)
1&‘:"12"1};5 1.06 (0.99-1.13) 0.65 (0.38-1.11) 1.03 (1.00-1.06) * 1.00(0.98-1.01) 139 (L08-180) **  1.17 (0.95-1.44) 1.18 (0.90-1.54) 0.98 (0.94-1.03) 1.89(0.83429)  133(0.61-291) 103 (097-1.09)  1.02 (0.64-1.64)
FAC
worsening
1(;“:";';})‘ 1.14 (1.06-1.23) *** 0.86 (0.48-1.54) 1.01 (0.98-1.04) 1.00 (0.99-1.01) 0.94 (0.74-1.20) 1.36 (1.04-1.77) * 0.94 (0.71-1.25) 105(1.00-110)* 110 (046-2.64) 097 (041-229)  1.00(0.94-1.07)  1.10 (0.66-183)
1%nm:°ggt§‘s 1.16 (1.07-1.24) *** 0.65 (0.35-1.20) 1.02 (0.99-1.05) 1.00 (0.99-1.02) 101(079-1.31)  145(L09-194)** 120 (0.89-1.61) 1.03 (0.98-1.08) 101(042-247)  065(027-158)  101(095-108) 074 (0.43-126)
1?“‘1"%?5 1.15 (1.07-1.23) *** 0.69 (0.38-1.25) 1.01 (0.98-1.04) 1.00 (0.99-1.02) 1.05(0.82-134)  151(L13-202** 130 (0.98-1.75) 1.04 (0.99-1.09) 125(052-3.00) 077 (0.32-184)  102(096-1.09) 092 (0.55-1.54)

BI: Barthel Index; CI: confidence interval; CRP: C-reactive protein; FAC: Functional Ambulatory Classification; RRR: relative risk ratio. All models were adjusted for baseline age, sex,
comorbidities according to CIRS-G score, C-reactive protein, and polypharmacy. Reference category: no changes in functional status according to Barthel Index, FRAIL score, or FAC.
*p <0.05 * p <0.01, ** p <0.001.
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For worsening in FAC results, significant and independent risk factors were age, FAC
scores at baseline, and PCR values (only for the first month). Among these risk factors,
baseline FAC punctuation exhibited the highest RRR values.

For worsening in frailty status, the only independent and significant risk factor across
all follow-up evaluations was FRAIL scores at baseline. FAC at baseline was a significant
risk factor after 1 month of discharge, whereas length of stay was a significant risk factor at
month 18.

4. Discussion

The main findings of the present study indicate that most very old survivors of
COVID-19 experience worsening in their functionality and frailty status within 18 months
after discharge. Furthermore, significant and independent risk factors for these scenarios
were identified. Specifically, age, functional condition at baseline, length of stay, and
inflammation were associated with worsening physical functioning, whereas frailty status
at baseline was associated with frailty decline, with eventual contributions of functional
condition at baseline and length of stay. These findings highlight the predominant role
of pre-existing vulnerability, hospital-related deconditioning, and acute inflammatory
response in this cohort of very old COVID-19 survivors. Notably, traditional clinical
covariates such as comorbidities, pneumonia severity, and hypoxemia did not emerge
as independent predictors. This finding reinforces the necessity of evaluating frailty and
functional performance of older adults due to its close relevancy with clinical prognosis.
Consistent with our findings, previous studies on in-hospital mortality and long-term
outcomes in older COVID-19 patients have similarly identified functional impairment and
frailty as the strongest predictors, while comorbidities and markers of acute severity play a
marginal role [25].

To the best of our knowledge, this is the first study that examined the long-term
effects of COVID-19 infection on physical function and frailty status among very old
adults. However, the results of the present investigation align with prior studies focused on
younger populations and shorter follow-up periods. Prampart et al. [7] found worsening
in frailty status after 3 months of discharge in a younger group of older adults. A study
conducted in Japan [16] reported a comparable rate of decline in functionality (54%) within
the first year post-hospitalization. A Spanish investigation noted that 42% of the study
participants experienced worsening in functional status after 6 months of being discharged
after COVID-19 [9].

These findings underscore the critical need for ongoing assessment of physical function
and frailty in this population to mitigate the occurrence of adverse events. The progression
of disability and frailty increases the risk of falls [26], institutionalization [27], hospitaliza-
tion [28], and death [29,30], among other complications [27]. Therefore, effective therapies
to prevent the worsening of these conditions are essential. To this end, identifying spe-
cific risk factors associated with the decline in physical function and frailty is crucial for
developing tailored strategies.

Older individuals, who were more dependent to perform the ADLs at admission and
had higher CRP values, were at higher risk of experiencing functional decline. These risk
factors have also demonstrated significance in other studies examining this theme [16]. Age
is a key prognosis marker in COVID-19 patients [30], with other investigations reporting a
strong association with mortality in this population [30]. This scenario is likely explained
by the fact that, with advancing age, individuals show a reduced capacity to respond to
stressors due to significant declines in physiological, cognitive, psychological, and/or social
reserves [31-34]. The importance of this condition is underscored by numerous efforts to
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develop assessment methods aimed at capturing it (e.g., frailty, intrinsic capacity, biological
age) [35-37].

The observations that worsened physical condition at baseline was significantly as-
sociated with more severe deterioration at follow-up is not surprising, as these results
have been repeatedly found in different contexts [38—40]. In older adults [40], worsening
functionality is more commonly noted among those who already have some degree of
impairment, compared to the onset of initial signs in those without symptoms. This de-
cline may reflect the inadequate adoption of healthy lifestyle habits, which prevents the
development of disability and mobility issues.

For instance, numerous observational studies have found that physical activity levels
are significantly associated with ADL and mobility disability in older adults [40,41]. Boyle
et al. [42] investigated the association between physical activity, measured using a self-
reported questionnaire, and ADL disability among residents of senior housing facilities.
The authors found that each additional hour of physical activity reduced disability risk by
7% [42]. In a hospital setting, low time spent with physical activity and few step counts
were significantly associated with hospital-acquired disability. A meta-analysis [41] that
analyzed 13 studies and examined more than twenty-five thousand participants revealed
that moderate and high physical activity levels significantly reduce the risk of disability
in older adults. Moreover, the authors found a higher risk of worsening disability among
those with lower physical activity levels [41].

Since the seminal article by Prof. Franceschi et al. [43], which described the potential
impact of low-grade inflammation as a key determinant of the aging process, this topic
has become a prominent focus in geriatrics and medical sciences. High concentrations
of inflammatory markers have long been associated with reduced functionality in older
adults [44-46]. Specifically, interleukin-6 (IL-6), C-reactive protein (CRP), and tumor necro-
sis factor-alpha (TNNF-o) showed robust cross-sectional associations with frailty status and
functional decline in older adults [47]. In the context of post-COVID-19 recovery, elevated
pro-inflammatory cytokines during acute infection or persistent low-grade inflammation
(inflammaging) may contribute to increased COVID-19 severity, progression to frailty, and
physical impairment [48-50]. A possible explanation for this relationship is grounded
in the fact that inflammation promotes changes at biological levels that predisposes the
development of sarcopenia [51,52].

Frailty status at admission was identified as a major determinant of worsening frailty
at follow-up. These findings reflect the complexity of frailty and emphasize the severity and
clinical consequences of its physiopathology. Similar to the observations with functionality,
worsening frailty might be a product of numerous risk factors, including low physical
activity [53] and malnutrition [54], which also contributes to its progression. More studies
are necessary to provide a more detailed examination of these possible determinants.

Our findings have important clinical implications. We observed that modifiable risk
factors, including functional condition, length of stay, inflammation, and frailty status, were
significantly associated with worsening events during follow-up. A key initial step is the
systematic implementation of comprehensive geriatric assessment (CGA) upon admission
to identify those older adults at highest risk of functional decline. The results of this
evaluation should be combined with frailty assessment and the evaluation of the presence
of inflammation. This early identification allows for the prompt initiation of tailored
interventions during and after hospitalization.

Specifically, rehabilitation programs grounded on exercise training protocols are ef-
fective to maintain and even improve functional and frailty status during and after hospi-
talization [55-58]. These programs have been shown to improve aerobic capacity, muscle
strength and mass, physical performance, and independence in activities of daily living,
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thereby attenuating the impact of baseline deficits, reducing deconditioning, and promoting
better long-term recovery. Regarding inflammation, although randomized clinical trials
examining the effects of non-pharmacological interventions are often limited to commu-
nity settings [59,60], it is possible that these strategies might also been employed during
hospitalization to reduce inflammatory burden. Changes in length of stay are multifac-
torial and involve a complicated relationship among numerous variables [61]. Notably,
most of the factors examined in this matter involve in-hospital parameters, and just a
few studies have been dedicated to describing the associations with pre-hospitalization
items [61]. A detailed exploration of each case might be necessary to understand how to
reduce hospitalization length.

Hence, strategies to counteract COVID-19 and likely other acute viral respiratory
infections might combine two or more of the mentioned approaches to reduce the presence
of modifiable factors and thereby the occurrence and/or worsening of functional decline
and frailty. Health professionals responsible for older adults’ care need to address the
specificities of each patient and understand the most appropriate intervention that can
be offered.

The present study has many limitations that need to be acknowledged to provide
a better interpretation of our results. First, outcome measures were grounded in self-
reported assessment tools, and no performance-based evaluations were conducted to
confirm participants’ reports. Hence, the presence of recall bias cannot be ruled out.
Second, follow-up visits were conducted through telephone interviews to reduce the risk
of contagious. Although one trained geriatrician conducted all evaluations to reduce the
risk of evaluation bias and caregivers could be involved to reduce the risk of recall bias,
the possibility that face-to-face evaluations could have provided different results cannot
be ruled out. Furthermore, it would have allowed the examination of more health aspects.
Third, intermediate data collection was not conducted after 6 months of discharge. Results
of such analysis could contribute to a better understanding of participants’ trajectories.
Fourth, both physical activity levels and nutritional aspects were not assessed in the present
study, despite their significant association with physical functioning and frailty. Fifth, only
CRP and procalcitonin were assessed as a marker of inflammation. The evaluation of
other inflammatory molecules (e.g., interleukin-6, tumor necrosis factor-«) could have
provided a more detailed perspective of this topic. Furthermore, biomarkers linked to other
biological domains (e.g., hematological, neuromuscular) have been significantly associated
with frailty. These data are concerning, as they indicate that a plethora of candidate
molecules might be explored in the light of our results [51]. Future studies combining
laboratory biomarkers with functional scales are needed to provide a better understanding
of this scenario. Sixth, intermediate conditions, such as sarcopenia and malnutrition, were
not assessed. Seventh, conducting age-stratified subgroup analyses enhances the clinical
applicability of our results. However, our limited sample size at advanced ages for some of
the follow-up evaluations (e.g., 51) hampers our capacity to perform such analysis. The use
of this statistical approach is even harder given the list of adjusted covariates used.

5. Conclusions

Findings of the present study indicate that most very old survivors of COVID-19 expe-
rience worsening in their functionality and frailty status within 18 months after discharge.
Furthermore, significant and independent risk factors for these scenarios were identified.
Specifically, age, functional condition at baseline, length of stay, and inflammation were
associated with worsening physical functioning, whereas frailty status at baseline was asso-
ciated with frailty decline, with eventual contributions of functional condition at baseline
and length of stay. Accordingly, interventions aimed at reducing COVID-19 burden should
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involve the management of these risk factors during hospitalization and within the first
periods after discharge.
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