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Abstract

One of the challenges post-COVID-19 is reducing the negative impacts on quality of life, per-
formance, and independence in activities of daily living. Assessing functional dependence
in adults one year after acute infection can help to understand the long-term consequences,
evaluate the impact on quality of life, plan rehabilitation and healthcare, identify the most
vulnerable groups, measure the socioeconomic impact, and support public policies and
clinical decisions. Objectives: The objectives of this study are as follows: (a) to assess the
prevalence of functional dependence in Brazilian adults with COVID-19; (b) to analyze the
association between the study variables; and (c) to determine the factors associated with
functional dependence. Methods: This was an observational, cross-sectional study with
987 adults (18 to 59 years old) living in the State of Parana (Brazil) hospitalized for COVID-
19 between March and December 2020. Data were collected by telephone 12 months after the
acute infection using an instrument to retrieve sociodemographic and health information,
and a functional dependence scale to assess dependence before COVID-19 retrospectively
(using participant recall information) and at the time of the interview. Data were analyzed
using penalized logistic regression after imputing missing data. Data were analyzed using
penalized logistic regression after imputing missing data. Results: Functional dependence
after COVID-19 was 5.0% and was associated with low levels of education, not having
a partner, living with someone, not owning a home, experiencing job changes, requiring
care, obesity, smoking, multimorbidity, ICU admission in the acute phase, use of invasive
ventilation, or having Long COVID. Individuals who required care or used invasive ven-
tilation support were, respectively, 9.3 and 6.5 times more likely to develop dependence
after COVID-19. Despite adjustment for multiple factors, the magnitude of the observed
effects warrants cautious interpretation, as unmeasured or residual confounding effects
may still be present. Sample recall bias due to collection after 12 months and the presence
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of the alpha variant without COVID-19 vaccination coverage may limit data generalization.
Conclusions: The results highlight the need to emphasize the public health implications of
identifying functional dependence. In this vein, it is necessary to implement preventive
measures, identify and monitor more vulnerable groups, plan rehabilitation programs, and
develop public health policies.

Keywords: functional dependence; long COVID; COVID-19; pandemic; Brazil

1. Introduction

The COVID-19 pandemic, caused by the novel coronavirus SARS-CoV-2, constituted a
public health emergency with global impact. As of October 2023, more than 600 million
people worldwide had contracted the disease. In Brazil, more than 37 million cases of
infection were reported, with a case-fatality rate of 1.9% [1]. By 2025, nearly 40 million
cases and 716,448 deaths had been recorded in the country [2,3]. The World Health Organi-
zation (WHO), through the World Health Statistics, indicates that the COVID-19 pandemic
reversed the previous upward trend in life expectancy and healthy life expectancy [3].
However, beyond the reduction in these survival indicators, the pandemic also led to a
substantial increase in the burden of disability. An increase in years lived with disability
and loss of functioning has been observed, reflecting persistent symptoms and physical and
cognitive limitations after SARS-CoV-2 infection [3]. Thus, increased survival following
COVID-19 has frequently been accompanied by functional dependence and restrictions in
performing activities of daily living, making the assessment of functional independence
a relevant outcome in the post-COVID-19 context [3]. Functional independence is under-
stood as the ability to perform activities of daily living without requiring assistance from
another person.

Available evidence confirms that patients who undergo invasive mechanical venti-
lation are more prone to complications such as infections and prolonged hospital stays,
and inappropriate ventilator management is associated with increased dependency and
mortality [4]. Mechanical ventilation was a critical life-saving intervention during the
COVID-19 pandemic [5]. In most facilities, mortality rates among mechanically ventilated
patients with COVID-19 ranged from 30% to 97%, even with lung-protective strategies [5].
In addition to being an indicator of disease severity, invasive mechanical ventilation is
associated with several ICU-acquired sequelae, such as muscle weakness, peripheral neu-
ropathy, prolonged immobilization, and cognitive impairment. These complications may
persist after hospital discharge and negatively affect patients” ability to perform activities
of daily living, contributing to functional decline and long-term dependence [6]. These pa-
tients, therefore, require extensive monitoring, as they are at higher risk for post-COVID-19
complications [7].

According to the WHO, worldwide, 6% of people with COVID-19 developed a post-
COVID-19 condition (Long COVID) [8]. Furthermore, 10% to 20% of people with COVID-
19 developed some long-term complications that impacted their health and quality of
life [9-11]. Due to its novelty and many manifestations, numerous labels and descriptions
of Long COVID have been proposed. According to the WHO, Long COVID is characterized
by the persistence or new onset of symptoms following SARS-CoV-2 infection, usually
three months after the acute phase, lasting at least two months and not explained by
alternative diagnoses [8-13].

Evidence indicates that Long COVID is associated with substantial functional impair-
ment, including limitations in activities of daily living (ADLs) and restrictions in social
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participation [14-19]. Likewise, people living with Long COVID face longer periods of
absence from work, reduced working hours, or even the risk of unemployment and finan-
cial difficulties. The current challenge is to reduce the negative impacts the disease has
had on quality of life, impairing functional performance and directly affecting individuals’
independence in carrying out daily activities [20-23]. A systematic review with a meta-
analysis demonstrated persistent functional limitations and decreased independence in
ADLs among individuals with post-COVID-19 conditions compared with controls [24].
Population-based studies have also reported significant associations between persistent
Long COVID symptoms and functional disability in both basic and instrumental activities
of daily living, as well as reductions in task performance quality [25-30]. Furthermore,
long-term follow-up assessments using standardized disability measures have documented
sustained functional deficits up to three years after acute infection, underscoring the endur-
ing impact of Long COVID on everyday functioning [14-18]. However, although functional
limitations after COVID-19 have increasingly been reported, most available studies focus
on older adults and rely mainly on self-reported measures. Few studies have specifically
assessed functional dependence in younger adults using validated instruments such as the
Functional Independence Measure (FIM), representing an important gap in the literature
that the present study aims to address. In addition, investigating the functional status of
patients who recovered from the acute infection is relevant, as well as analyzing changes
in functional capacity post-COVID-19. Such data provides relevant information for plan-
ning rehabilitation strategies that target these conditions in order to preserve or improve
independence in ADLs.

Therefore, this study sought to (a) assess the prevalence of functional dependence
in Brazilian adults who had COVID-19; (b) analyze the association between the variables
under study; and (c) determine the factors associated with functional dependence. We
hypothesize that factors such as the need for invasive ventilation, multimorbidity, and
persistent Long COVID symptoms are associated with increased functional dependence
post-COVID-19.

2. Materials and Methods
2.1. Study Design

This observational and cross-sectional study is part of a broader project: “Longitudinal
Monitoring of Adults and Older People Discharged from Hospital Due to COVID-19—
COVID-19 Cohort Parana/UEM” [31]. The recommendations proposed by the STROBE
(Strengthening the Reporting of Observational Studies in Epidemiology) verification check-
list were followed [32] (Supplementary File S1).

2.2. Setting, Sample, and Recruitment

The study setting was the State of Paran4, located in the southern region of Brazil,
with an estimated population of 11,444,380 inhabitants in 2022 and a territorial extension
of 199,298.981 km? [33]. Participants were selected from two complementary surveil-
lance databases: the Influenza Syndrome Epidemiological Surveillance System (SIVEP-
Gripe) [34] and Notifica COVID-19 Parana [35]. Notifica COVID-19 Parand is a state-level
system established by the Parand State Health Department (SESA) that interfaces with the
Central Laboratory of the State of Parand (LACEN/PR) and primarily compiles laboratory-
confirmed COVID-19 cases, including mild and non-hospitalized infections. In contrast,
SIVEP-Gripe is a national surveillance system focused on cases of severe acute respira-
tory syndrome, encompassing hospitalized cases and deaths. The combined use of these
databases allowed coverage of the full clinical spectrum of COVID-19 severity, reducing
sampling bias that would result from reliance on a single source and improving represen-
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tativeness of COVID-19 cases in the population. Duplicate records across databases were
identified using deterministic matching based on exact agreement of full name, date of
birth, and parental names; when duplicates were identified, the SIVEP-Gripe record was
retained due to its more detailed clinical information.

Eligibility Criteria

Subjects eligible for participation in this study were selected in accordance with the
following inclusion criteria: (a) adults (ages between 18 and 59 years); (b) residents of the
State of Parand; and (c) diagnosis of SARS-CoV-2, confirmed by a Reverse Transcription
Polymerase Chain Reaction (RT-PCR) test between March and December 2020. The diag-
nostic timeframe includes people whose symptoms commenced before 7 June 2021, when
over 75% of patients were infected with the alpha variant [36]. Cases in which the patient’s
death was reported by the interviewer were removed. Cases with incomplete observations
on the FIM scale were also disregarded. This resulted in 987 participants (Figure 1).

COVID-19 Notifications
Sivep-Gripe/Notifica Covid
N =672,725

Stratified sampling
N =1941

Older people (60 years or
older)

N =900

Adults (18-59 years)
N =1041

Excluded by death
N=1

Excluded due to missing
| observations on the FIM scale

N =53

Final sample
N =987

Figure 1. Flowchart of study design.

2.3. Data Collection Instrument

Data were collected using an electronic form through telephone interviews, during
which eligible participants were invited to take part in the study. Prior to data collec-
tion, interviewers received standardized training focused on interactive interviewing
techniques, including strategies to ensure response consistency and minimize informa-
tion bias. Retrospective FIM scoring was conducted using standardized interviews with
temporal anchoring to the pre-infection period and structured prompts to improve recall
consistency. Initially, participants were contacted via a messaging application (WhatsApp
Version 22.13.74) to schedule the interview and received standardized information about
the study and the affiliated educational institution. Informed consent was read aloud
during the call and, upon agreement, the consent form was sent to participants by mail
or email according to their preference. The interviews lasted 40 to 60 min and took place
between March and December 2021 (twelve months after acute infection).
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2.3.1. Independent Variables

Information was collected regarding three groups of independent variables.

Group I (sociodemographic characteristics): Region of Parand where they live (East,
West, North, or Northwest); sex (male or female); race (white or non-white); years of
education (up to 8 years or more than 8 years); has a partner (no or yes); lives alone (no or
yes); housing conditions (owned, rented, or other); changed employment status (no, yes
due to COVID-19, or yes due to other causes); receives any financial support (no or yes);
and source of income affected by the pandemic (no or yes).

Group 1II (health variables): Received care from a family member, friend, or profes-
sional during or after COVID-19 (no or yes); overweight/obesity (no or yes); physical
activity [“Currently, do you practice any type of physical exercise?”] (no or yes); smoker
(no or yes); presence of multimorbidity, that is, presence of multiple chronic diseases (no or
yes); location of treatment in the acute phase of COVID-19 (outpatient clinic, ward, or ICU);
need for ventilatory support in the acute phase of COVID-19 (no; yes; no, invasive; or yes,
invasive); and presence of signs or symptoms after the primary coronavirus infection that
are not explained by alternative diagnoses [Long COVID] (no or yes).

Group III (symptoms, present in both the acute phase of COVID-19 [from onset of
symptoms to the point at which replication-competent SARS-CoV-2 is not detected] and
Long COVID, were grouped according to the organic systems involved): Neurological
(changes in vision, smell, taste, speech, hearing, ringing in the ears, dizziness, loss of
motor coordination, loss/decrease in memory, tingling /numbness, or fainting); respiratory
(runny nose, sore throat, hoarse voice, cough, phlegm production, chest pain, or shortness
of breath); and cardiovascular (edema) and endocrine (hair loss and sweating), which may
indirectly influence fatigue, vitality, and functional vulnerability after COVID-19.

2.3.2. Dependent Variable

The outcome variable was the functional dependence of individuals assessed using the
Functional Independence Measure (FIM), which aims to assess independence in activities
of daily living (ADLs). For this study, we used the Brazilian Portuguese version of the FIM,
translated and validated by Riberto et al. [37]. The domains of the FIM scale are divided
into self-care, mobility /locomotion transfer, sphincter control, communication, and social
cognition. The scale score was divided according to the degrees of dependence, which range
from 1 to 7 levels (7 = complete independence and 1 = total help). The total FIM score can be
divided into four subscores, according to the total score obtained: (a) 18 points: complete
dependence (total assistance); (b) 19 to 60 points: modified dependence (assistance in up
to 50% of the tasks); (c) 61 to 103 points: modified dependence (assistance in up to 25% of
tasks); and (d) 104 to 126 points: complete independence [37,38]. Thus, the lower the score,
the greater the person’s degree of dependence. The sum of the points obtained in each
dimension has a minimum score of 18 and a maximum of 126 points, which characterizes
the level of dependence [37]. For the pre-pandemic period, the internal consistency of the
adapted version of the FIM scale was very good (Cronbach’s alpha reliability = 0.86) [37].
In the current study, the internal consistency coefficient of the scale presents a similar
value (o = 0.88).

A cut-off value for the FIM scale (global score < 104) was employed to differentiate
between dependent and independent performance in ADLs, consistent with other stud-
ies [39]. Based on the dependency ratings from the FIM scale before and after COVID-19,
it was possible to create a dichotomous variable that indicates whether the individual
became dependent after contracting the disease, assigning “Yes” to cases in which the
individual went from independent to dependent status and “No” to cases in which the
individual remained as they were or went from dependent to independent. The FIM scale
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was applied in reference to two moments: before the COVID-19 infection (the question was
asked retroactively) and after the COVID-19 infection.

2.4. Statistical Analysis

Descriptive statistical analyses were performed on the absolute and relative frequen-
cies of categorical variables (in general and divided by whether or not cases became
dependent after COVID-19) and summary measures of numerical variables, in addition
to statistical tests such as chi-square and Fisher’s exact test, to verify whether there is a
significant difference (at <5%) between the percentage of individuals with dependence after
COVID-19 and the levels of each variable. For group comparisons, McNemar'’s test and
Student’s t-test were performed. Given the large sample size (N ~ 1.000), formal normality
tests were unnecessary, as justified by the Central Limit Theorem, which guarantees the
approximate normality of the sampling distribution of the mean. In addition, logistic
regression models of the Binomial family (considering the dichotomous response variable
“1 = Became dependent after COVID-19”; “0 = Did not become dependent after COVID-
19”) were used to identify factors that influence the chance of the individual becoming
dependent after contracting the disease. Although some variables presented a relatively
high proportion of missing data (>30%), the assumption of Missing at Random (MAR) was
considered plausible. Missingness was primarily related to incomplete clinical records and
self-reported information, which were included in the imputation models, corroborating
the MAR assumption. To minimize overfitting and improve model stability, we addressed
missing data, limited events per variable, and outcome imbalance using a structured mod-
eling strategy. Missing data were handled through multiple imputation (m = 5) [40] using
the Multivariate Imputation by Chained Equations (MICE) approach, applying the pack-
age’s default imputation methods according to variable type. To reduce model complexity
under a low events-per-variable ratio [40], an initial univariable screening (p < 0.20) was
performed in each imputed dataset, restricting the final model to a parsimonious set of
predictors. Logistic regression models were then fitted using inverse frequency weighting
to account for outcome imbalance. Estimates were combined across imputations using
Rubin’s rules, providing pooled coefficients and confidence intervals. Model performance
was evaluated on a held-out sample using discrimination metrics, including ROC-AUC,
PR-AUC, and the optimal cut-off based on the F1-score [40]. The robustness of the impu-
tation process was indirectly assessed by evaluating model performance and coefficient
stability across multiple imputed datasets and through validation on a held-out sample
using pooled predicted probabilities.

The interaction terms between the model’s covariates were tested pairwise through
sensitivity analyses, observing the ROC-AUC, PR-AUC, F1, accuracy, sensitivity and
specificity metrics. Given the risk of overfitting due to the limited number of events and to
follow the EPV recommendations, interaction analyses were exploratory and guided by
clinical plausibility and model performance. Only interactions that demonstrated consistent
predictive gains and satisfied EPV constraints were retained.

The final multivariable model was intentionally restricted to a small number of pre-
dictors to ensure stable estimation under a limited events-per-variable ratio. As such, the
model should be interpreted as a parsimonious representation of the strongest associations
rather than a comprehensive explanatory model. Therefore, the absence of these variables
in the final model does not imply a lack of clinical relevance.

The statistical significance considered in this study was 5%. All analyses were per-
formed using R software (version 4.3.2.) [41].
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2.5. Ethical Procedures

The project was approved by the Human Research Ethics Committee (COPEP)
of the State University of Maringéd (approval n° 4,165,272/2020), and under Opinion
number 4,214,589 granted by Hospital do Trabalho (Certificate of Presentation of Ethi-
cal Appreciation: 34787020.0.3001.5225). All ethical procedures on research with human
beings (Resolution 466/2012 and 510/16) were respected.

3. Results

3.1. Characterization of Participants

Of the 987 individuals analyzed, the majority were male (54.2%) and white (44.5%)
(Table 1). The ages ranged from 18 to 59, with a mean age of 43 £ 10.84 years. The majority
(57.4%) had more than eight years of education, 57.9% had a partner, and 74.3% lived with
someone. Regarding housing, the majority reported living in their own homes (48.1%) and
12.3% lived in rented homes.

Table 1. Characterization of participants and prevalence of post-COVID-19 dependence, according to
the FIM scale, with unadjusted (bivariate) comparisons (n = 987).

Post-COVID-19 Dependence

No Yes

1 - *H
Variables (n=940;904%) (1= 47;4.5%) p-Value
Sociodemographic N° Total (%) 1 (%) n (%)
Parana region 0.01
East 474 (48.02) 453 (95.57) 21 (4.43)
West 236 (23.91) 223 (94.49) 13 (5.51)
North 119 (12.06) 113 (94.96) 6(5.04)
Northwest 158 (16.01) 151 (95.57) 7(4.43)
Sex 0.31
Male 535 (54.20) 515 (96.26) 20 (3.74)
Female 452 (45.80) 425 (94.03) 27 (5.97)
Race 0.13
White 439 (44.48) 412 (93.85) 27 (6.15)
Non-white 254 (25.73) 237 (93.31) 17 (6.69)
Not informed 294 (29.79) - -
Years of study 0.001
Up to 8 years 112 (11.35) 95 (84.82) 17 (15.18)
More than 8 567 (57.45) 540 (95.24) 27 (4.76)
Not informed 308 (31.21) - -
Have a partner 0.01
No 226 (22.90) 213 (94.25) 13 (5.75)
Yes 571 (57.85) 541 (94.75) 30 (5.25)
Not informed 190 (19.25) - -
Do you live alone? 0.001
No 733 (74.27) 692 (94.41) 41 (5.59)
Yes 107 (10.84) 102 (95.33) 5 (4.67)
Not informed 147 (14.89) - -
Housing condition 0.001
Own house 475 (48.13) 443 (93.26) 32 (6.74)
Rented house 121 (12.26) 111 (91.74) 10 (8.26)
Not informed 391 (39.61) - -
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Table 1. Cont.

Post-COVID-19 Dependence
No Yes

: - %
Variables (n = 940; 90.4%) (n = 47; 4.5%) p-Value
Sociodemographic N° Total (%) n (%) n (%)
Work changed <0.001
No 548 (55.52) 522 (95.26) 26 (4.74)
Yes (after COVID-19) 53 (5.37) 46 (86.79) 7 (13.21)
Yes (other causes) 131 (13.27) 119 (90.84) 12 (9.16)
Not informed 255 (25.84) - -
Received financial aid * 0.29
No 482 (48.83) 457 (94.81) 25 (5.19)
Yes 215 (21.78) 197 (91.63) 18 (8.37)
Not informed 290 (29.38) - -
Source of income affected 0.13
No 454 (46.00) 437 (96.26) 17 (3.74)
Yes 261 (26.44) 234 (89.66) 27 (10.34)
Not informed 272 (27.56) - -
Health
Need for care/caregiver 0.001
No 731 (74.06) 727 (99.45) 4 (0.55)
Yes 256 (25.94) 213 (83.20) 43 (16.80)
Not informed - - -
Obesity (BMI > 30) 0.001
No 250 (25.33) 241 (96.40) 9 (3.60)
Yes 420 (42.55) 385 (91.67) 35 (8.33)
Not informed 317 (32.12) - -
Practice of physical activity 0.13
No 292 (29.58) 275 (94.18) 17 (5.82)
Yes 466 (47.21) 439 (94.21) 27 (5.79)
Not informed 229 (23.20) - -
Smoker 0.001
No 634 (64.24) 598 (94.32) 36 (5.68)
Yes 139 (14.08) 130 (93.53) 9 (6.47)
Not informed 214 (21.68) - -
Multimorbidity 0.06
No 818 (82.88) 788(96.33) 30 (3.67)
Yes 169 (17.12) 152 (89.94) 17 (10.06)
Not informed - - -
Acute COVID-19 treatment site 0.001
Outpatient (mild cases) 401 (40.63) 396 (98.75) 5 (1.25)
Medical Ward (moderate cases) 282 (28.57) 275 (97.52) 7 (2.48)
Intensive Care Unit (severe cases) 304(30.80) 269 (88.49) 35 (11.51)
Not informed - - -
Ventilatory support 0.07
No 470 (47.62) 460 (97.87) 10 (2.13)
Yes (non-invasive) 274 (27.76) 263 (95.99) 11 (4.01)
Yes (invasive) 96 (9.73) 75 (78.12) 21 (21.88)

Not informed 147 (14.89) - -
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Table 1. Cont.
Post-COVID-19 Dependence
No Yes -

(n = 940; 90.4%) (n = 47; 4.5%) p-Value
Sociodemographic N° Total (%) n (%) n (%)
Presence of Long COVID symptoms <0.001
No 389 (39.41) 386 (99.23) 3(0.77)
Yes 598 (60.59) 554 (92.64) 44 (7.36)
Not informed - - -
Long COVID symptom clusters
Neurologic 0.101
No 963 (97.57) 919 (95.43) 44 (4.57)
Yes 24 (2.43) 21(87.50) 3 (12.50)
Not informed - - -
Respiratory <0.001
No 911 (92.30) 871 (95.61) 40 (4.39)
Yes 76 (7.70) 69 (90.79) 7(9.21)
Not informed - - -
Cardiovascular 0.47
No 715 (72.44) 689 (96.36) 26 (3.64)
Yes 272 (27.56) 251 (92.28) 21(7.72)
Not informed - - -
Endocrine <0.001
No 849 (86.02) 812 (95.64) 37 (4.36)
Yes 138 (13.98) 128 (92.75) 10 (7.25)

Not informed

* The minimum wage value in Brazil is BRL 1045.00 for the year 2021; ** chi-square test or Fisher’s exact test; bold
means p < 0.05.

Regarding health variables, 42.5% were obese, 47.2% were physically active, 14.1%
were smokers, and 17.2% had multimorbidity. Among the interviewees’ self-reported
exposures, 40.6% indicated an outpatient clinic, 28.6% the ICU, and 30.8% a medical ward.
Furthermore, 47.6% did not use ventilatory support, 27.8% used non-invasive ventilatory
support, and 9.73% required invasive ventilatory support. Long COVID symptoms were
self-reported by 60.6% of the sample.

Some demographic and clinical variables, particularly years of study, housing con-
dition, and obesity, presented substantial proportions of missing data (>30%), which are
explicitly reported in Table 1.

3.2. Prevalence and Associations Between Variables Under Study

The overall prevalence of functional dependence after acute COVID-19 infection was
4.8% (Table 1). Significant differences were observed between the percentage of individuals
who developed dependence after COVID-19 according to years of schooling: 15.2% of
those with up to 8 years of schooling, followed by 4.8% of participants with 8 or more
years of schooling. The number of individuals who developed dependence after COVID-19
was higher among those who did not have a partner (5.8%). However, among those who
lived with a partner, 5.6% faced a significant difference in dependence after COVID-19,
compared to those who lived alone (4.7%). Regarding housing conditions, those renting
or with other housing had a statistically higher percentage of individuals who developed
dependence after COVID-19 (8.26%), while the percentage for those who owned their own
home was 6.7%.

https:/ /doi.org/10.3390/ covid6010023
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When observing those who changed jobs, there was a significant difference among
those who became dependent after COVID-19 infection versus other causes. Among those
who did not experience job changes, only 4.7% became dependent after COVID-19, while
among those who experienced job changes due to COVID-19, 13.2% became dependent
after the disease.

Among those who required care, 16.8% became dependent after COVID-19, a con-
siderably higher figure compared to those who did not require care (only 0.6%). The
percentage of individuals with obesity was also higher among those dependent after
COVID-19: 8.3% for those who were obese and 3.6% for those who were not. Conversely,
levels of dependence after COVID-19 were higher among smokers (6.5%) than among
non-smokers (5.7%).

Significant differences were also found regarding the acute infection treatment settings:
11.5% of individuals who remained in the ICU developed post-COVID-19 dependence,
2.5% for those who remained in the ward, and 1.3% for those treated as outpatients.
Differences were also found regarding self-reported Long COVID symptoms, with 7.4% of
individuals experiencing post-COVID-19 dependence compared with 0.8% of those who
did not experience Long COVID.

The characterization of post-COVID-19 dependence in relation to Long COVID symp-
toms grouped by body system revealed distinct patterns (Table 1). Among those who
reported neurological symptoms, 87.5% did not experience post-COVID-19 dependence,
and 12.5% did. Among participants who reported respiratory symptoms, the majority
(90.8%) did not develop post-COVID-19 dependence, while 9.2% did. For individuals with
cardiovascular symptoms, 92.8% remained without post-COVID-19 dependence, and 7.3%
developed dependence. For participants with endocrine symptoms, 92.3% did not present
dependence, while 7.7% did. Only for respiratory and endocrine symptoms were there
statistically significant differences between those who developed and those who did not
develop post-COVID-19 dependence.

Based on the dependency classifications (FIM scale) of the sample before and after
COVID-19 infection, a contingency table for paired data (Table 2) was constructed, which
depicts the transitions between participants’ independence/dependence states. Consider-
ing the proportion of individuals developing dependence after acute COVID-19 infection,
among the 925 individuals who were independent before COVID-19, 5.1% became de-
pendent. Furthermore, among the 61 participants who were already dependent, 72.1%
remained so after the acute infection, and 27.9% became independent due to various fac-
tors unrelated to the disease. The McNemar test indicates a significant difference in state
change (independent — dependent; dependent — independent), and the calculated odds
ratio (OR = 2.76) represents the ratio between discordant pairs and indicates that changes
from independence to dependence occurred substantially more often than changes in the
opposite direction (Table 2).

Table 2. Classification of dependence/independence of participants before and after COVID-19.

After COVID-19 Infection

Independence Dependence Total .
Before COVID-19 (%) (%) » p-Value OR
Independence 878 (94.92) 47 (5.08) 925 <0.001 2.76
Dependence 17 (27.87) 44 (72.13) 61 - 1

* McNemar test; bold means p < 0.05.

Significant differences were found between the mean age, BMI, total morbidities, and
total symptoms in the acute and long phases between those who developed dependency

https:/ /doi.org/10.3390/ covid6010023



COVID 2026, 6, 23

11 0f 19

after COVID-19 and those who did not. The former were older, had a higher BMI, a greater
number of morbidities, and a higher mean number of symptoms, both in the acute and
post-COVID-19 phases. Effect sizes (Cohen’s d) indicated moderate difference in age, BMI,
multimorbidity and total symptoms in the acute phase, in addition to a larger difference
observed in the total symptoms of Long COVID, indicating that group differences were
substantial and clinically meaningful, beyond statistical significance (Table 3).

Table 3. Summary measures of numerical variables of dependent adults after COVID-19 infection.

Post-COVID-19

Variables Mean Standard Deviation Cohen’s d p-Value *
Dependence

Age No 41.93 10.88 —0.42 0.001
8 Yes 46.47 9.89

. No 29.33 6.07 —0.59 0.001
Obesity (BMI > 30) Yes 3203 705

. L No 0.72 1.18 —0.63 0.01
Multimorbidity (total) Yes 449 191

Acute phase svmptoms No 6.83 6.09 —0.75 0.001
phase symp Yes 11.38 6.34

No 3.72 4.31 —1.59 0.001
Long COVID Symptoms Yes 10.68 550

* Student’s ¢-test; bold means p < 0.05.

3.3. Factors Associated with Functional Dependence

To analyze the factors associated with functional dependence, only covariates with

i 17

more than 50% of the completed observations were considered initially: “sex,” “age,

i e

“race/color,” “care,” “obesity,

e 7o i

smoker,” “total morbidity,” “total symptoms in the acute

phase,” “self-reported exposure,” “ventilatory support,” and “Long COVID-19.” Among

these, the variables submitted to the missing data imputation process were “race/color”
(29.78% of NAs), “obesity” (32.11% of NAs), “smoker” (21.68% of NAs), and “ventilatory
support” (14.89% of NAs). In each of the five imputation rounds, a logistic regression was
adjusted for each covariate, with the response variable acting as a univariate screening.
The more times a covariate had a p-value < 0.2 indicates greater consistency and stability.

i i

The variables “age,” “care,” “obesity,

” o 7o

total morbidities,” “total symptoms in the acute
phase,” and “Long COVID” had p-values <0.2 in all five imputation stages, while the
other variables did not have p-values at all. Those with p-values <0.2 in at least half of the
stages advanced to the next stage. The new selection criterion was based on the ranking of
the lowest average p-value among the five stages, with “care” having the lowest p-value,
followed by “total symptoms in the acute phase,” “total morbidities,” “long COVID,” “age,”
and “obesity.” Based on the EPV (events per variable) rules, it is recommended that, for
each variable in the model, there be 10 events/cases to ensure stable estimates. Thus, based
on the 47 events in the response variable, the recommended number of variables was
three. These were chosen according to the criterion of the lowest average p-value in the
imputation steps (“care”, “total symptoms in the acute phase,” and “total morbidities”).
A logistic regression model with weights from the combination of all imputations
indicated that the need for care, the total number of symptoms in the acute phase, and
the total number of morbidities were significant (considering an « < 5%), meaning these
variables can influence an individual’s likelihood of becoming dependent after COVID-
19 infection. OR estimates suggest that those who required care during this period are
21 times more likely to become dependent. Each increase in a symptom in the acute phase

increased the chance of dependence by 5%, while each increase in morbidity increased
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the chance of dependence by 28%. In sensitivity analyses including interaction terms,
the combined effect of care x number of comorbidities increased the risk of becoming
dependent after COVID-19 by 56% for each additional comorbidity among individuals
who required care (OR = 1.56). For care X number of symptoms, each additional symptom
was associated with a 2.45-fold-higher risk of post-COVID-19 functional dependence in
those who required care (OR = 2.45). Finally, the interaction between the number of
comorbidities X number of symptoms indicated that the simultaneous presence of more
symptoms and more comorbidities multiplied the risk of developing functional dependence
by 2.56 times (OR = 2.56). Although clinically plausible, extremely large odds ratios may
be influenced by residual overfitting or multicollinearity due to correlated covariates and a
limited events-per-variable ratio (Table 4).

Table 4. The adjusted odds of functional dependence among participants.

Variables Estimate (Beta) aOR CI aOR 95% p-Value *
Additive Model:
Intercept —2.5680 0.0766 (0.05-0.10) <0.001
Need for care/caregiver 3.0583 21.292 (15.67-28.91) <0.001
Total number of symptoms in the acute phase 0.0535 1.0549 (1.02-1.08) <0.001
Total number of morbidities 0.252 1.2866 (1.15-1.42) <0.001

Interactions (Sensitivity Analysis):

Need for care/caregiver: Total number of morbidities 0.4491 1.5669 (1.40-1.80) <0.001
Need for care/caregiver: Total number of symptoms in the acute phase 0.8973 2.4529 (2.34-2.56) <0.001
Total number of morbidities: Total number of symptoms in the acute phase 0.9428 2.5671 (2.52-2.61) <0.001

* Logistic regression model with weights of the Binomial family; aOR: adjusted odds ratio; CI aOR: confidence
interval for aOR; bold means < 0.05.

The performance of the retained sample (20%) obtained an accuracy of 0.77 (95% CI:
0.70-0.82), sensitivity > 0.99, specificity = 0.76, ROC-AUC = 0.88, PR-AUC = 0.14, and
threshold (F1) = 0.26. The results indicate good accuracy metrics and ROC curves. When
there is low prevalence (e.g., only 4.7% of events), the PR-AUC naturally tends to be low.
Although a PR-AUC = 0.14 is better than random, it is not considered optimal. F1 = 0.26
indicates reasonable recall but with some false positives, an expected result in a model with
few events (Table 5).

Table 5. Sensitivity analysis between the additive model and models with interactions.

Model * ROC-AUC PR-AUC F1 Sensibility Specificity Accuracy
Additive Model 0.883 0.147 0.267 >0.99 0.767 0.777
Need for care/caregiver: Total number 0.879 0145 0262  >0.99 0.762 0.772
of morbidities
Need for care{careglver: Total number 0.886 0.15 0.262 ~0.99 0.762 0.772
of symptoms in the acute phase
Total number of morbidities: Total 0.891 0191 029  >0.99 0799 0.807

number of symptoms in the acute phase

* Metrics of a logistic regression model with weights of the Binomial family.

The pairwise interactions were statistically significant (p-value < 0.001) (Table 4) but
did not provide substantial improvements in predictive performance (Table 5). Hence,
the main-effects model (additive model) was retained as the final model for parsimony
and interpretability.
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4. Discussion

The observed association between invasive mechanical ventilation, increased care
needs, and functional dependence is clinically plausible and consistent with the previous
literature. Patients who require invasive ventilation generally present more severe acute
disease, prolonged immobilization, and a higher risk of ICU-acquired weakness, all of
which are related to poorer functional outcomes. However, because our study has an
observational design, these findings should not be interpreted as evidence of a causal
relationship. It is possible that the need for invasive ventilation reflects greater baseline
vulnerability and disease severity, which in turn are associated with worse functional
status after COVID-19. Thus, rather than indicating that mechanical ventilation per se
causes functional dependence, our results demonstrate associations that may be partially
explained by confounding factors such as severity of illness, comorbidities, and access to
rehabilitation services [42,43].

The prevalence of Long COVID symptoms observed in this study (60.6%) should be in-
terpreted in the context of the case definition and follow-up period. A recent meta-analysis
reported that approximately 57% of patients exhibited at least one persistent symptom
at 12 months after acute COVID-19 infection [44], with consistent findings from studies
indicating that around 53% of individuals continued to report symptoms one year after
infection [45]. These estimates are comparable to the prevalence observed in the present
study and reinforce that high proportions of persistent symptoms are expected when broad
symptom-based definitions and long-term follow-up are applied, particularly in samples
that include individuals with more severe acute disease and higher comorbidity burden.

Concurrently, the present study analyzed functional dependence associated with
sociodemographic characteristics, persistent COVID-19 symptoms, previous comorbidities,
and the location of treatment during the acute phase of the disease. Although no significant
differences were found between sex and race in this sample, some epidemiological studies
conducted in Brazil and other countries have demonstrated differences in susceptibility to
infection, clinical manifestations, and outcomes based on sex [42,46-50]. In this regard, the
severity of acute illness, intensive care admission rates, and COVID-19-related mortality
were observed to be higher among males. However, an opposite trend was observed
with Long COVID syndrome, with women being affected more frequently [42,47-49].
Differences in hormonal and immunological responses might explain the differences in
risk, severity of infection, and mortality rates between men and women [48,49].

In our study, sex and race were not significantly associated with post-COVID-19
functional dependence, which contrasts with some previous reports that have suggested a
higher burden of adverse outcomes among women and racial/ethnic minorities. Several
factors may explain these discrepancies. First, our sample included a large proportion
of younger adults, whereas many prior studies focused primarily on older populations,
among which functional decline is more prevalent. Second, we evaluated functional
dependence using a validated instrument (FIM), while many earlier studies relied on
self-reported symptoms or generic health-status measures, which may capture different
constructs. Third, contextual differences in access to health services, rehabilitation avail-
ability, and social support across settings may modify the relationship between sex, race,
and functional outcomes.

Other studies conducted in Brazil, found that individuals living in regions with
low development in education, health, and living conditions were more susceptible to
infection and higher mortality from COVID-19 [47,51]. In parallel, Volpe et al. [43] identified
worsening conditions in individuals with multimorbidity, leading to ICU admission or
death when two or three conditions were present (such as hypertension or metabolic
decompensation, such as hyperglycemia). The findings obtained in the current study are
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in line with the evidence that establishes a relationship between multimorbidity and the
need for ICU treatment, and the consequent use of invasive ventilatory support [43,48]. In
addition, our findings reveal significant improvements in functional dependence measures
for 27.9% of participants, reiterating the role of acute inpatient rehabilitation after COVID-19
in improving functional gains and outcomes [52].

Beyond the overall burden of multimorbidity, it is also plausible that specific comor-
bidities are driving part of the association with post-COVID-19 functional dependence.
Cardiometabolic conditions such as obesity, hypertension, and diabetes are linked to
systemic inflammation, endothelial dysfunction, and reduced exercise tolerance, which
may contribute to persistent fatigue and physical deconditioning. Chronic respiratory
diseases may further limit functional capacity through residual dyspnea and impaired
ventilatory mechanics, whereas neurological and psychiatric conditions can affect cog-
nition, motivation, and task performance, thereby increasing dependence in activities
of daily living. These mechanisms are biologically plausible and consistent with prior
studies reporting poorer functional outcomes among individuals with cardiometabolic or
respiratory comorbidities.

Other studies have also shown that the presence of comorbidities, notably hyper-
tension, diabetes mellitus, and respiratory and neurological diseases, is associated with
greater severity and a worse prognosis of COVID-19 [42]. Additionally, smoking appears
to be associated with a higher likelihood of ICU admission [14,53,54]. Obesity is also
mentioned in the literature as a risk factor for hospitalization and worsening of COVID-19
infection [55-57].

In the Brazilian context, these social determinants must be interpreted within a setting
characterized by marked regional inequalities and heterogeneous access to health services.
Although the Unified Health System (Sistema Unico de Satide—SUS) provides universal
coverage, the availability of specialized services such as post-COVID-19 rehabilitation,
mental health care, and long-term follow-up remains uneven across regions, with important
gaps in rural areas and in the North and Northeast of the country [51]. Informal employ-
ment and lower levels of education are also highly prevalent and may limit health literacy,
continuity of care, and adherence to rehabilitation programs. In addition, income inequality
and overcrowded housing conditions, which are more frequent in socially vulnerable terri-
tories, can hinder recovery and increase the risk of persistent functional limitations. These
Brazil-specific structural and organizational characteristics likely modulate the relationship
between Long COVID, multimorbidity, and functional dependence.

4.1. Study Limitations

This study has some limitations that should be considered. The first is related to the
use of self-reported information, in addition to the fact that the interviews were conducted
12 months after the acute phase of COVID-19. This approach is susceptible to recall bias,
as participants may inaccurately reconstruct their functional abilities, as well as other
factors, particularly after a prolonged follow-up period. To mitigate this, standardized
forms and instructions were used for each interview. The relatively long duration of
the telephone interviews (40-60 min) may have contributed to participant fatigue, which
could have affected response consistency, particularly for self-reported measures. This
possibility should be considered when interpreting the results. Additionally, the study’s
cross-sectional design does not allow for causal inferences. The absence of a non-COVID-19
control group restricts causal inference and limits the ability to disentangle functional
decline attributable to COVID-19 from age-related changes or pre-existing conditions.
All participants were diagnosed with COVID-19 before June 2021, a period when the
alpha variant predominated and without widespread COVID-19 vaccination coverage [36],
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limiting the generalizability of the findings when applied to later variants. Furthermore,
the dichotomization of variables such as BMI, income, and education may have resulted
in loss of information, reduced statistical power, and limited ability to capture potential
nonlinear associations. Another limitation is the appearance of symptoms that may not
be related to SARS-CoV-2 infection. Therefore, a comparison group would be desirable;
however, the consulted databases lacked information on individuals without the disease.
Even with these limitations, it was possible to determine the association between functional
dependence in adults who had COVID-19 and sociodemographic characteristics, health
variables, and symptoms of acute and long-term COVID-19. Regardless of the regional
limitation (State of Parand), data were obtained from the most relevant health databases,
covering all official records from the period. Despite good discrimination based on the ROC
curve, the low PR-AUC value highlights limited usefulness for accurate case identification
in a low-prevalence setting.

4.2. Implications for Practice

The findings of this study have important implications for rehabilitation planning,
particularly in regions with limited resources. The identification of factors associated with
post-COVID-19 functional dependence, such as multimorbidity, Long COVID symptom:s,
and exposure to invasive mechanical ventilation, may help prioritize high-risk individuals
for early functional assessment and referral to rehabilitation services. In settings where spe-
cialized programs are scarce, low-cost, community-based strategies—including structured
exercise programs, health literacy promotion, tele-rehabilitation, and primary-care-based
follow-up—may represent feasible approaches to mitigate functional decline [58]. In Brazil,
these strategies could be incorporated into existing SUS networks, strengthening the in-
tegration between primary care and rehabilitation services. Furthermore, because Brazil
shares epidemiological profiles, health system challenges, and social inequalities with other
Latin American countries, the patterns observed in this study are likely to be relevant
beyond the national context. Thus, our results may contribute to informing regional guide-
lines and policies aimed at improving access to post-COVID-19 rehabilitation across Latin
America, particularly in underserved populations.

5. Conclusions

This study identified that the variables “need for care/caregiver” and “invasive ven-
tilatory support” were associated with an increased likelihood of becoming functionally
dependent after COVID-19 infection. Using the Functional Independence Measure (FIM),
5.1% of participants transitioned from independence to dependence after contracting
COVID-19. Individuals who became dependent after COVID-19 were more likely to have
lower educational attainment, live with others and not own their home, report work
changes after the disease, require healthcare, present obesity (BMI > 30), smoke, present
multimorbidity, be admitted to the ICU with invasive ventilatory support during the acute
phase, and report persistent symptoms compatible with Long COVID. In sum, our find-
ings indicate important associations between clinical severity, social vulnerability, and
post-COVID-19 functional dependence. However, due to the observational design and
the number of outcome events, these relationships should not be interpreted as proof of
causality, and residual confounding and reverse causation cannot be fully excluded. Finally,
the study was conducted in a regionally restricted sample, which limits external validity.
Future studies with larger and more diverse populations, including vaccinated cohorts and
different variant contexts, are needed to confirm these results and to further elucidate the
determinants of post-COVID-19 functional dependence.
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