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Abstract: Background/Objectives: Long-term effects of post-COVID-19 on several health outcomes
remain unclear. We assessed PA and sedentary behaviour changes and explored behaviour-change
factors twelve months post-COVID-19 in people with and without Long COVID. Methods: A
prospective cohort study followed people treated for COVID-19 in different settings (home, hospital
ward, intensive care unit) from twelve months to eighteen months post-COVID-19. Participants
with and without Long COVID were identified. PA (Light PA-LPA, Moderate-to-Vigorous PA-
MVPA, Steps·day−1), sedentary time, functional capacity (six-minute walk test-6MWT), muscle
strength (quadriceps maximal voluntary contraction-QMVC), dyspnoea (modified Medical Research
Council scale-mMRC), fatigue, symptoms of anxiety and depression, and health-related quality
of life-HRQoL were assessed. Results: Among 148 participants (58 ± 15 years, 54% male), 101
had Long COVID. All remained physically inactive. People with Long COVID significantly
increased LPA (LPALongCOVID +28 [1; 55] min·day−1; LPAControls +6 [−32; 45] min·day−1), and
decreased MVPA (MVPALongCOVID −4 [−7; −2] min·day−1; MVPAControls −4 [−8; 1] min·day−1)
and sedentarism (SedentarismLongCOVID −47 [−89; −4] min·day−1; SedentarismControls −30 [−88;
28] min·day−1). At eighteen months, higher proportions of individuals with Long COVID had
impaired 6MWT (17% vs. 0%), reduced QMVC (25% vs. 6%), dyspnoea (24% vs. 0%), fatigue
(67% vs. 13%), symptoms of anxiety (47% vs. 9%) and depression (26% vs. 0%) as well as poor
HRQoL (50% vs. 6%). PA and sedentary behaviour changes at eighteen months were associated
with dyspnoea and impaired QMVC at twelve months (LPA: mMRC ≥ 2: −41.56 [−129.30; 46.00]
min·day−1, Steps·day−1: mMRC: −416.13 [−1223.83; 391.57]; QMVC ≤ 70% predicted: −1251.39
[−2661.69; 158.91], Sedentarism: mMRC ≥ 2: +47.21 [−90.57; 184.99] min·day−1; 0.24 ≤ R2 ≤ 0.32).
Conclusions: PA and sedentary behaviour remain altered long after COVID-19, with people with
Long COVID adjusting to fit lower PA levels, possibly driven by physical limitations and symptoms.
Dyspnoea and muscle weakness may influence PA and sedentary behaviour.

Keywords: Long COVID; physical activity; sedentary behaviour; dyspnoea; muscle weakness;
quality of life

J. Clin. Med. 2025, 14, 3641 https://doi.org/10.3390/jcm14113641

https://doi.org/10.3390/jcm14113641
https://doi.org/10.3390/jcm14113641
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0002-0487-4819
https://orcid.org/0000-0003-4980-6200
https://orcid.org/0000-0003-0713-0054
https://orcid.org/0000-0002-7051-3130
https://orcid.org/0000-0002-0059-4991
https://doi.org/10.3390/jcm14113641
https://www.mdpi.com/article/10.3390/jcm14113641?type=check_update&version=1


J. Clin. Med. 2025, 14, 3641 2 of 15

1. Introduction
Coronavirus disease 2019 (COVID-19) remains a major public health challenge world-

wide [1]. Long COVID, also referred to as post-COVID-19 condition [2], affects an estimated
36% of people with confirmed SARS-CoV-2 infection globally, with significant variation in
prevalence across populations and symptoms persistence over twelve months [3]. Its bur-
den increases with acute disease severity, ranging from 29% of non-hospitalised people to
44% of hospitalised patients [3,4]. Although Long COVID can occur regardless of initial dis-
ease severity [3,5,6], it is more frequently reported in females than in males (45% vs. 37%),
and risk of being affected is further increased in people aged 40–54 years or above 65 years
and with pre-existing morbidities (e.g., obesity, cardiovascular disease) [3,7,8].

Symptom prevalence often increases with time since the acute infection. When strati-
fied by follow-up durations of <12 months and ≥12 months, increases are observed across
symptom subtypes, e.g., musculoskeletal (8% to 30%), psychological (10% to 29%), neuro-
logical (13% to 27%), general fatigue (19% to 26%) [3]. Persistent symptoms include fatigue,
dyspnoea, pain, and cognitive impairment [5,9,10], and may result from residual organ
damage or ongoing inflammatory responses [6,11]. These symptoms may substantially com-
promise physical capacity and reduce engagement in daily activities, promoting physical
inactivity and impairing health-related quality of life [1,5,12]. Therefore, a downward spiral
of inactivity, further symptom exacerbation and functional decline is often observed [13].

While physical inactivity health risks have been recognised, limited research has
explored physical activity (PA) patterns in people after COVID-19, specifically among
those with Long COVID. Available evidence suggests that non-hospitalised patients
are generally more active and less sedentary than those hospitalised, three months af-
ter discharge (self-reported data: 1344 ± 911 vs. 785 ± 735 total MET/min·week−1;
339 ± 135 vs. 441 ± 127 sitting min·day−1) [14]. Nonetheless, all subgroups, whether hos-
pitalised or not, show reduced PA at six months after discharge than before infection (self-
reported data: median [Q1; Q3]: 90 [30; 150] vs. 120 [60; 240] walking min·week−1) [15].
Furthermore, hospitalised patients, regardless of their acute disease severity, remain largely
inactive (objectively measured data: 18.9 ± 20.2 min·day−1, in moderate-to-vigorous PA)
and sedentary (objectively measured data: 12.4 ± 1.7 h·day−1, in sedentary time) eight
months after discharge [16]. However, few studies have objectively assessed PA and
sedentary behaviour beyond twelve months after discharge, a critical period when people
are expected to have resumed their daily activities but may still experience functional
limitations [17]. Understanding the long-term influences of COVID-19 on PA and seden-
tary behaviour, as well as in other health outcomes, is crucial for designing long-term
rehabilitation programmes and reducing the risks of inactivity-related complications [18].
This study aimed to assess changes in PA and sedentary behaviour and explore poten-
tial behaviour-change factors twelve months after COVID-19 in people with and without
Long COVID.

2. Materials and Methods
2.1. Study Design

An observational prospective study was conducted, following a cohort of patients with
SARS-CoV-2, treated in different clinical contexts (home, hospital ward, intensive care unit).
All participants provided informed consent, and data protection was ensured, aligning with
European regulations, maintaining anonymity by encoding files. This study was approved
by the Ethics Committee for Research and Animal Experimentation, University of Alcalá
(CEID/HU/2020/51), 18 December 2020, and the Ethics Committee for Drug Research of
the Guadalajara Health District, Hospital Universitario de Guadalajara (CEIm/01/2021),
25 January 2021, and registered on clinicaltrials.gov (NCT04768257). It was reported
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following the guidelines for Strengthening the Reporting of Observational Studies in
Epidemiology [19] and Transparent Reporting of a Multivariable Prediction Model for
Individual Prognosis or Diagnosis [20].

2.2. Participants

Participants were recruited from a database of patients with COVID-19 (n = 675), who
were treated and then followed at the Hospital Universitario de Guadalajara or primary care
centres in Guadalajara, Spain, between March and June 2020, during the Spanish COVID-19
outbreak first wave. Participants were included if they were aged ≥ 18 years, had a COVID-
19 diagnosis confirmed via polymerase chain reaction test, and were clinically stable twelve
months post-hospital/medical discharge. Post-COVID-19 condition or Long COVID was
diagnosed in people reporting symptoms persisting for at least two months following a
laboratory-confirmed, probable, or suspected COVID-19 infection, provided symptoms
had lasted for at least three months post-infection. Diagnosis was based on the World
Health Organisation definition [2,12] and was determined by a pulmonologist after clinical
assessment. Given the lack of universally accepted diagnostic criteria, this classification was
made using available guidelines and expert judgment. People were excluded if they had
severe medical conditions, including cognitive impairment or significant cardiovascular,
neurological, or musculoskeletal diseases that could limit their participation. Furthermore,
those vaccinated before infection or who experienced reinfection during follow-up were
also excluded.

2.3. Procedures

Eligible participants were contacted and invited for a first visit by a pulmonologist
or a respiratory physiotherapist between April and September 2021, during which those
interested provided informed consent. Participants were interviewed and medical records
reviewed to collect sociodemographic, anthropometric and clinical data. Then, functional
capacity, peripheral muscle strength, and lung function were assessed using several tests,
and dyspnoea, fatigue, anxiety, depression, and health-related quality of life (HRQoL)
through self-administered questionnaires. Finally, people were provided with a specific
device and instructed on its use for measuring daily PA and sedentary time over one week.
A pulmonologist, specialised nurse, or technician from the corresponding centre performed
and assessed spirometry, while two respiratory physiotherapists conducted and supervised
all other tests in a reserved space at the same centre. The assessments were scheduled at
three time points as follows: at twelve months post-hospital/medical discharge (baseline),
three (fifteen months) and six months (eighteen months) afterwards.

2.4. Physical Activity and Sedentary Behaviour

PA and sedentary behaviour, the main outcomes, were assessed using custom-
designed inertial systems (triaxial accelerometer and gyroscope). Participants wore the
device on the lower back for seven consecutive days during waking hours (approx.
7.00 a.m.–10.00 p.m.), excluding water-based activities. A valid assessment required
≥8 h/day of wearing time and ≥4 valid weekdays were needed for inclusion [21]. Partici-
pants received verbal and written instructions and logged wear time interruptions. Data
were processed using MATLAB (MathWorks, MATLAB (R2024a), Natick, MA, USA) to
extract 31 features per three-second window (two-second overlap). PA levels were classified
using a semi-supervised support vector machine (polynomial kernel) [22,23] trained on
labelled data from healthy participants with activity diaries and tested on held-out data (er-
ror rate: 11%). Aggregate step counts [24] and time in PA levels (light: 1.5–2.9 METs·day−1;
moderate-to-vigorous: ≥3.0 METs·day−1) and sedentary behaviour (<1.5 METs·day−1) [25]
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were averaged across valid days and adjusted for daylight hours. Inertial systems have
already been shown to be valid and reliable in other clinical populations [26].

2.5. Secondary Outcomes

Functional capacity was assessed using the 6-min walk test/distance-6MWD following
the European Respiratory Society/American Thoracic Society-ERS/ATS guidelines [27]
and 1-min sit-to-stand test-1minSTS with a standardised procedure [28]. Peripheral muscle
strength was evaluated through the dominant-leg quadriceps maximal voluntary contrac-
tion (QMVC), measured using a hand-held dynamometer (MicroFET2, Acme Corporation,
Springfield, IL, USA) [29] according to a standardised protocol [30].

Percentages predicted were computed [31–33], and the proportions of people with
impaired functional capacity and peripheral muscle strength (i.e., values ≤70% predicted)
were determined.

Dyspnoea, fatigue and symptoms of anxiety and depression were assessed using the
modified Medical Research Council-mMRC dyspnoea scale [34], the Functional Assessment
of Chronic Illness Therapy-Fatigue-FACIT-FS [35], and the Hospital Anxiety and Depression
Scale-HADS [36], respectively. HRQoL was evaluated using the European Quality of Life-
Five dimensions-Five levels-EQ-5D-5L questionnaire [37].

The proportions of participants with clinically relevant symptoms (with values equal
or higher than two on the mMRC dyspnoea scale, ≤43 on the FACIT-FS, values equal or
higher than eight on the HADS subscales [34–36]) and impaired HRQoL (with values ≤ 74
for male and ≤78 for female on the EQ-5D-5L visual analogue scale [38]) were then reported.

Sociodemographic (age, sex), anthropometric (height, weight), and clinical charac-
teristics were collected from structured interviews and medical records. Comorbidities
were classified using the International Classification of Diseases, 11th edition [39], and
the Charlson Comorbidity index [40]. Medications were categorised according to the
Anatomic, Therapeutic and Chemical classification system [41]. Metabolic, cardiovascu-
lar, musculoskeletal, respiratory, immune and nervous comorbidities, along with related
pharmacological treatments, were reported as being associated with impaired physical
function and symptoms and, consequently, as potential modifiers of PA and sedentary
behaviours [18]. Lung function was assessed through spirometry, following the ERS/ATS
statement [42], with forced respiratory volume in one second and forced vital capacity
percentages predicted (FEV1 and FVC% predicted, respectively) registered.

2.6. Statistical Analyses

All analyses were performed using SPSS® Statistics v.29 (IBM Corp., Armonk, NY,
USA) and the R package (R v.4.4.2, R Foundation, Vienna, Austria; RStudio v.2024.12.0+467,
PBC, Boston, MA, USA). Quantitative data were summarised as mean ± SE, mean ± SD or
median (Q1; Q3), based on the Shapiro–Wilk test, histogram and Q-Q plot inspection, and
skewness/kurtosis. Categorical variables were reported as absolute and relative frequencies.

2.6.1. Physical Activity and Sedentary Behaviour in People with and Without Long COVID

Sample size was estimated using G*Power software (v.3.1.9.4, Universität Kiel,
Kiel, Germany). The effect size was based on patient-reported data due to the lack of
prospective, objectively measured PA data in people after COVID-19 [15]. A change of
−50 ± 117 min/day over six months, assuming d = 0.44, 95% power, α = 0.05, and 20%
dropout rate, required 98 participants (49/group; F test: ANCOVA: repeated measures,
within-between interaction).

Mixed models (restricted maximum likelihood, fixed effects, type III sum of squares)
and Friedman tests were used for between-group comparisons of continuous data, with
model assumptions (normality of residuals, homoscedasticity, multicollinearity) assessed
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accordingly. Generalised linear mixed models (restricted maximum likelihood, fixed effects,
binomial distribution, logit link, robust standard error), Cochran’s Q and Fisher’s exact tests
were used for categorical data. Covariance structure (compound symmetry, unstructured,
autoregression) was selected using likelihood ratio tests, Akaike and Bayesian information
criteria. All analyses were adjusted for age and sex. Post hoc pairwise between-group
comparisons were corrected using the Bonferroni method (p-value < 0.017) or sequential
Holm–Bonferroni procedure, with degrees of freedom estimated using the Satterthwaite
method. Within-group changes were considered statistically significant at a p-value < 0.05.

The same statistical procedures were used for exploratory analyses comparing groups
classified by acute disease severity (home-H, hospital ward-HW, intensive care unit-ICU).

2.6.2. Potential Contributing Factors for PA and Sedentary Behaviour Change

Prediction models were built using PA outcome measures at eighteen months (light,
moderate-to-vigorous PA, steps/day, sedentary time) as dependents, and twelve-month
predictors (e.g., age, BMI, FEV1% predicted, FVC% predicted, 6MWD, 1 min STS, QMVC,
number of symptoms, mMRC, FACIT-FS, HADS-A, HADS-D, EQ-5D-5L, PA measures).
Predictor selection was based on (i) literature (e.g., dyspnoea, fatigue), (ii) group compar-
isons by PA trajectory (decrease/increase over six months) using unpaired t-tests, Mann–
Whitney U, and Fisher’s exact test, and (iii) correlation analyses (Pearson, Spearman)
between eighteen-month PA outcome-measures vs. twelve-month predictors.

Based on a six-month change of −864 ± 3032 steps/day (previous analysis), with
f2 = 0.34, 95% power, α = 0.05, and 11 predictors (previously identified), 85 participants
were required (F test: linear multiple regression: fixed model).

Initial models used stepwise regression (entry p-value < 0.05, removal p-value > 0.10).
Multicollinearity was assessed using tolerance (<0.10) and variance inflation factor (>10.00),
and confirmed with eigenvalues and condition indexes (>15.00). Least Absolute Shrinkage
and Selection Operator (LASSO) regression with 10-fold cross-validation refined models,
bootstrap resampling assessed internal validity [43].

Model calibration was evaluated using slope (ideal = 1) and intercept (ideal = 0);
slope <1 indicated overfitting, while non-zero intercepts suggested systematic bias.

3. Results
3.1. Participants’ Baseline Characteristics

One hundred and forty-eight people were recruited at twelve months after COVID-19,
of whom 101 met the diagnostic criteria for Long COVID. One hundred and four completed
the 6-month follow-up (Figure 1).

People with Long COVID were older (60 ± 14 vs. 54 ± 17 years), more comorbid
[2 (1; 3) vs. 1 (0; 2)] and medicated [1 (1; 2) vs. 1 (0; 1)] than controls (Table 1).

Table 1. Participants’ characteristics at twelve months after COVID-19.

All Control Group Long COVID
Group Sig.

Participants n 148 47 101

Demographic and anthropometric data
Age (years) mean ± SD 58 ± 15 54 ± 17 60 ± 14 p = 0.04 *

Male 80 (54) 31 (66) 49 (49) p = 0.05
BMI (kg·m−2) mean ± SE 27.9 ± 0.4 27.0 ± 0.7 28.8 ± 0.5 p = 0.30

Lung function
FEV1%predicted mean ± SE 90 ± 1 92 ± 2 87 ± 2 p = 0.76
FVC%predicted mean ± SE 86 ± 1 88 ± 2 84 ± 2 p = 0.65

Medical records
Comorbidities median (Q1; Q3) 2 (1; 3) 1 (0; 2) 2 (1; 3) p < 0.01 *
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Table 1. Cont.

All Control Group Long COVID
Group Sig.

Participants n 148 47 101

Endocrine or metabolic diseases ¶ n (%) 60 (41) 11 (23) 49 (49) p < 0.01 *
Circularity system diseases ¶ n (%) 59 (40) 18 (38) 41 (41) p = 0.86

Musculoskeletal system diseases ¶ n (%) 30 (20) 6 (13) 24 (24) p = 0.13
Respiratory system diseases ¶ n (%) 22 (15) 4 (9) 18 (18) p = 0.21

Immune system diseases ¶ n (%) 17 (12) 4 (9) 13 (13) p = 0.58
Nervous system diseases ¶ n (%) 12 (8) 2 (4) 10 (10) p = 0.34

Others ¶ n (%) 33 (22) 9 (19) 24 (24) p = 0.67
Charlson comorbidity index median (Q1; Q3) 2 (0; 3) 2 (0; 3) 2 (1; 3) p = 0.09

Charlson comorbidity categories
(mild/moderate/severe) 53 (36)/48 (32)/8 (5) 16 (34)/15 (32)/0 (0) 37 (37)/33 (33)/8 (8) p = 0.14

Medications median (Q1; Q3) 1 (0; 2) 1 (0; 1) 1 (1; 2) p < 0.01 *
Cardiovascular system # n (%) 65 (44) 19 (40) 46 (46) p = 0.60

Alimentary track and metabolism # n (%) 25 (17) 3 (6) 22 (22) p = 0.02 *
Respiratory system # n (%) 20 (14) 1 (2) 14 (14) p = 0.30

Systemic hormonal preparations, and insulins # n (%) 19 (13) 1 (2) 18 (18) p < 0.01 *
Nervous system # n (%) 15 (10) 1 (2) 3 (3) p = 0.04 *

Others # 13 (9) 3 (6) 10 (10) p = 0.76

All data, reported as mean ± SE, are adjusted for age and sex. Abbreviations: BMI: body mass index; COVID:
Coronavirus Disease 2019; FEV1: forced expiratory volume in one second; FVC: forced vital capacity. * Statistically
significant p-value < 0.05 between groups. ¶ International Classification of Diseases, 11th Ed. Others include
infectious diseases, ear disorders, digestive system disorders, genitourinary system diseases, developmental
anomalies, sleep-awake disorders, mental disorders and symptoms and signs not elsewhere classified. # Anatomi-
cal Therapeutic Chemical Classification System. Others include the dermatological, musculoskeletal system, and
blood and blood-forming organs.

 

Figure 1. Flowchart of people with and without Long COVID, during a six-month follow-up, starting
from twelve months post-discharge. Abbreviations: COVID: Coronavirus Disease 2019; H, home;
HW, hospital ward; ICU, intensive care unit. # The mixed model analysis allowed for managing
missing data.

3.2. Physical Activity and Sedentary Behaviour in People with and Without Long COVID

People with Long COVID and controls remained physically inactive throughout
the follow-up period, not meeting the World Health Organisation PA recommendations
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(i.e., ≥150 min·week−1 of moderate PA, or ≥75 min·week−1 of vigorous PA, or an equiva-
lent combination of both) [44].

Among people with Long COVID, light PA significantly increased between fifteen and
eighteen months (+28 [1; 55] min·day−1). However, moderate-to-vigorous PA significantly
decreased at fifteen months (−3 [−6; −1] min·day−1) and this reduction was maintained at
eighteen months (−4 [−7; −2] min·day−1). Daily step count also declined between twelve
and eighteen months (−837 [−1753; 79] steps·day−1, ≥600 steps·day−1 threshold) [45],
although this change was not statistically significant. Sedentary time decreased at fifteen
months (−47 [−89; −4] min·day−1), and this reduction was sustained at eighteen months
(−43 [−88; 2] min·day−1). The proportion of people with Long COVID walking fewer than
5000 steps·day−1 increased significantly from 36% at twelve months to 61% at eighteen
months. In the control group, no significant changes were observed (Table 2 and Figure 2).

Table 2. Primary and secondary outcomes in people with and without Long COVID at twelve, fifteen
and eighteen months after discharge.

All # Control Group # Long COVID Group #

Twelve
Months

Fifteen
Months

Eighteen
Months

Twelve
Months

Fifteen
Months

Eighteen
Months

Twelve
Months

Fifteen
Months

Eighteen
Months Sig.

Participants n 148 117 104 47 36 32 101 81 72

Primary outcomes
LPA (min·day−1) 272 ± 13 260 ± 12 277 ± 12 290 ± 22 268 ± 20 275 ± 20 253 ± 16 251 ± 13 279 ± 14 † p = 0.29

MVPA (min·day−1) 11 ± 1 8 ± 1 † 7 ± 1 † 11 ± 2 8 ± 1 7 ± 1 12 ± 1 8 ± 1 † 7 ± 1 † p = 0.46
Steps·day−1 5306 ± 301 4541 ± 252 † 4513 ± 270 † 5927 ± 486 5062 ± 412 5179 ± 446 4684 ± 356 4021 ± 285 3847 ± 306 p = 0.81

Steps·day−1 ≤ 5000
n (%) 50 (34) 62 (53) 59 (57) † 14 (30) 18 (50) 15 (47) 36 (36) 44 (54) 44 (61) † p = 0.61

Sedentary time
(min·day−1) 425 ± 15 387 ± 12 † 378 ± 14 † 416 ± 24 386 ± 19 366 ± 22 434 ± 18 387 ± 13 † 390 ± 15 p = 0.61

Secondary outcomes
6MWD (m) 578 ± 12 597 ± 12 † 601 ± 13 † 632 ± 19 653 ± 20 † 663 ± 22 † 523 ± 13 542 ± 13 † 538 ± 15 p = 0.44

6MWD ≤ 70%
predicted n (%) 30 (20) 19 (16) 12 (11) 3 (6) 1 (3) 0 (0) 27 (27) 18 (22) † 12(17) † p = 0.48

1 min STS (reps) 26 ± 1 28 ± 1 † 29 ± 1 † 30 ± 1 31 ± 1 † 33 ± 2 † 23 ± 1 25 ± 1 † 25 ± 1 † p = 0.11
1minSTS ≤ 70%
predicted n (%) 44 (30) 29 (25) 28 (27) 7 (15) 4 (11) 4 (13) 37 (37) 25 (31) 24 (33) † p = 0.11

QMVC (kgf) 18 ± 1 18 ± 1 18 ± 1 20 ± 1 20 ± 1 21 ± 1 15 ± 1 15 ± 1 16 ± 1 p = 0.37
QMVC ≤ 70%

predicted n (%) 26 (18) 19 (16) 20 (19) 2 (4) 1 (3) 2 (6) 24 (24) 18 (22) 18 (25) p = 0.95

Dyspnoea mMRC 1 (0; 1) 1 (0; 1) 1 (0; 1) 0 (0; 1) 0 (0; 1) 0 (0; 1) 1 (0; 1) 1 (1; 1) 1 (0; 1) p = 0.94
mMRC ≥ 2 n (%) 18 (12) 14 (12) 17 (16) 1 (2) 0 (0) † 0 (0) † 18 (18) 14 (17) 17 (24) p = 0.42
Fatigue FACIT-FS 42 (33; 49) 43 (34; 48) 44 (35; 50) † 50 (48; 51) 50 (47; 51) 50 (48; 52) 37 (30; 42) 38 (30; 45) 38 (31; 46) p = 0.24

FACIT-FS ≤ 43 n (%) 84 (57) 60 (51) † 52 (50) † 0 (0) 4 (11) 4 (13) 84 (83) 56 (69) † 48 (67) † p < 0.01 *
Anxiety HADS-A 4 (2; 7) 5 (2; 7) 4 (2; 8) 2 (1; 4) 2 (0; 4) 2 (1; 4) 6 (3; 9) 6 (3; 8) 6 (3; 9) p = 0.84
HADS-A ≥ 8 n (%) 41 (28) 37 (32) † 37 (36) † 0 (0) 3 (8) 3 (9) 41 (41) 34 (42) 34 (47) p < 0.01 *

Depression
HADS-D 4 (3; 6) 3 (1; 6) † 3 (1; 6) † 3 (1; 4) 1 (0; 2) † 1 (0; 2) † 5 (3; 7) 4 (3; 7) 4 (3; 7) p = 0.09

HADS-D ≥ 8 n (%) 29 (20) 23 (20) 19 (18) 0 (0) 1 (3) 0 (0) 29 (29) 22 (27) 19 (26) p < 0.01 *
EQ-5D-5L 80 ± 1 79 ± 1 80 ± 2 90 ± 2 86 ± 2 88 ± 3 70 ± 2 72 ± 2 73 ± 2 p = 0.22

EQ-5D-5L ≤ 74/
female or 78/

male n (%)
60 (41) 45 (38) 38 (37) † 0 (0) 2 (5) 2 (6) 60 (59) 43 (53) 36 (50) p < 0.01 *

Data expressed as mean ± SE or median (Q1; Q3), unless otherwise reported. All data are adjusted for age and sex.
Abbreviations. 1minSTS: 1-min sit-to-stand test; 6MWD: 6-min walking distance; EQ-5D-5L: European quality of
life—5 dimensions—5 levels; FACIT-FS: functional assessment of chronic illness therapy—fatigue; HADS: hospital
anxiety and depression scale; LPA: time spent in light physical activity; mMRC: modified Medical Research Council;
MVPA: time spent in moderate-to-vigorous physical activity; QMVC: quadriceps muscle voluntary contraction.
* Statistically significant p-value < 0.017 between groups, as follows. At twelve months: Steps·day−1: p = 0.041; 6MWD:
p < 0.001; 6MWD ≤ 70% predicted: p = 0.001; 1 min STS: p < 0.001; 1 min STS ≤ 70% predicted: p = 0.012; QMVC:
p < 0.001; QMVC ≤ 70% predicted: p = 0.015; mMRC ≥ 2: p = 0.002; FACIT-FS ≤ 43: p < 0.001; HADS-A ≥ 8: p < 0.001;
HADS-D ≥ 8: p < 0.001; EQ-5D-5L: p < 0.001; EQ-5D-5L ≤ 74/female or 78/male: p < 0.001. At fifteen months:
Steps·day−1: p = 0.041; 6MWD: p < 0.001; 6MWD ≤ 70% predicted: p = 0.001; 1 min STS: p < 0.001; 1 min STS ≤ 70%
predicted: p = 0.023; QMVC: p < 0.001; QMVC ≤ 70% predicted: p = 0.012; mMRC ≥ 2: p < 0.001; FACIT-FS ≤ 43:
p < 0.001; HADS-A ≥ 8: p < 0.001; HADS-D ≥ 8: p = 0.002; EQ-5D-5L: p < 0.001; EQ-5D-5L ≤ 74/female or 78/male:
p < 0.001. At eighteen months: Steps·day−1: p = 0.016; 6MWD: p < 0.001; 6MWD ≤ 70% predicted: p = 0.004; 1min
STS: p < 0.001; QMVC: p < 0.001; QMVC ≤ 70% predicted: p = 0.014; mMRC ≥ 2: p = 0.001; FACIT-FS ≤ 43: p < 0.001;
HADS-A ≥ 8: p < 0.001; HADS-D ≥ 8: p < 0.001; EQ-5D-5L: p < 0.001; EQ-5D-5L ≤ 74/female or 78/male: p < 0.001.
† Statistically significant p-value < 0.05 within each group, as follows. In All: MVPA: p = 0.005 between twelve and
fifteen months, p < 0.001 between twelve and eighteen months; Steps·day−1: p = 0.028 between twelve and fifteen
months, p = 0.046 between twelve and eighteen months; Steps·day−1 ≤ 5000: p < 0.034 between twelve and eighteen
months; Sedentary time: p = 0.032 between twelve and fifteen months, p = 0.013 between twelve and eighteen months;
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6MWD: p < 0.001 between twelve and fifteen months, p = 0.001 between twelve and eighteen months; 1minSTS: p = 0.004

between twelve and fifteen months, p < 0.001 between twelve and eighteen months, p = 0.009 between fifteen and

eighteen months; FACIT-FS: p = 0.001 between twelve and fifteen months, p < 0.001 between twelve and eighteen months;

HADS-A ≥ 8: p = 0.001 between twelve and fifteen months, p = 0.011 between twelve and eighteen months; HADS-D:

p = 0.025 between twelve and fifteen months, p = 0.031 between twelve and eighteen months; EQ-5D-5L ≤ 74/female

or 78/male: p = 0.012 between twelve and eighteen months; In Control group: 6MWD: p = 0.046 between twelve and

fifteen months, p = 0.014 between twelve and eighteen months; 1 min STS: p < 0.001 between twelve and fifteen months,

p = 0.009 between fifteen and eighteen months; mMRC ≥ 2: p < 0.001 between twelve and fifteen months, twelve and

eighteen months, and fifteen and eighteen months. In Long COVID group: LPA: p = 0.038 between fifteen and eighteen

months; MVPA: p = 0.022 between twelve and fifteen months, p = 0.001 between twelve and eighteen months; Steps·day−1

≤ 5000: p = 0.034 between twelve and eighteen months; Sedentary time: p = 0.027 between twelve and fifteen months;

6MWD: p = 0.003 between twelve and fifteen months; 6MWD ≤ 70% predicted: p < 0.001 between twelve and fifteen

months, p = 0.015 between twelve and eighteen months, p = 0.015 between fifteen and eighteen months; 1 min STS ≤ 70%

predicted: p = 0.027 between twelve and eighteen months; FACIT-FS ≤ 43: p = 0.001 between twelve and fifteen months,

p = 0.001 between twelve and eighteen months. # Missing values, as follows. In Control group: At twelve months: LPA

(n = 11), MVPA (n = 12), Steps·day−1 (n = 12), Sedentary time (n = 12); At fifteen months: LPA (n = 4), MVPA (n = 5),

Steps·day−1 (n = 5), Sedentary time (n = 4); At eighteen months: LPA (n = 5), MVPA (n = 5), Steps·day−1 (n = 5), Sedentary

time (n = 6); In Long COVID group: At twelve months: LPA (n = 35), MVPA (n = 37), Steps·day−1 (n = 38), Sedentary

time (n = 37); At fifteen months: LPA (n = 15), MVPA (n = 15), Steps·day−1 (n = 15), Sedentary time (n = 15); At eighteen

months: LPA (n = 12), MVPA (n = 12), Steps·day−1 (n = 15), Sedentary time (n = 13).

 
(a) (b) 

 
(c) (d) 

Figure 2. Physical activity and sedentary behaviour changes of people with and without Long COVID,
during six-month follow-up, starting from twelve months post-discharge; (a) LPA: Control group: −24
[−73; 33] min·day−1, p = 1.00; −15 [−70; 41] min·day−1, p = 1.00; Long COVID group: −2 [−41; 37]
min·day−1, p = 1.00; +25 [−14; 65] min·day−1, p = 0.35. (b) MVPA: Control group: −4 [−8; 1] min·day−1,
p = 0.13; −4 [−8; 1] min·day−1, p = 0.08; Long COVID group: −3 [−6; −1] min·day−1, p = 0.02 †; −4
[−7; −2] min·day−1, p < 0.01 †. (c) Steps·day−1: Control group: −866 [−998; 266], p = 0.20; −749 [−2021;
523], p = 0.46; Long COVID group: −663 [−1489; 164], p= 0.16; −837 [-1753;79], p = 0.09. (d) Sedentary
time: Control group: −30 [−88; 28] min·day−1, p = 0.63; −51 [−114; 13] min·day−1, p = 0.17; Long COVID
group: −47 [−89; −4] min·day−1, p = 0.03 †; −43 [−88; 2] min·day−1, p = 0.07. Changes from twelve
months are expressed as mean difference [95% CI]. † Statistically significant p-value < 0.05 within group.
* Statistically significant p-value < 0.017 between groups. Abbreviations: COVID: Coronavirus Disease;
LPA: time spent in light physical activity; MVPA: time spent in moderate-to-vigorous physical activity.
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3.3. Potential Contributing Factors for Physical Activity and Sedentary Behaviour Change

PA and sedentary behaviour changes over six months were associated with dyspnoea
and QMVC at twelve months. Greater dyspnoea severity was linked to lower light PA
(mMRC: β = −21.16 [−61.87; 19.55] min·day−1; mMRC ≥ 2: β = −41.56 [−129.30; 46.00]
min·day−1), fewer steps/day (mMRC: β = −416.13 [−1223.83; 391.57]) and higher seden-
tary time (mMRC: β = +24.10 [−34.60; 82.80] min·day−1; mMRC ≥ 2: β = +47.21 [−90.57;
184.99] min·day−1) at eighteen months. Model performance ranged from R2 = 0.24–0.32,
with calibration slopes of 0.89–0.92 and intercepts of 31.30–449.45. Impaired QMVC
(≤70% predicted) was also associated with fewer steps/day (β = −1251.39 [−2661.69;
158.91], R2 = 0.32, slope = 0.91, intercept = 449.45). Full model outputs are presented in
Supplementary Materials, Tables S3, S9 and S12.

3.4. Secondary Outcomes

People with Long COVID consistently presented lower 6MWD, 1minSTS and QMVC
than controls across the follow-up period (Table 2). Both groups showed significant im-
provements in the 6MWD (Long COVID: +19 [5; 33] m; controls: +30 [5; 56] m) and
1 min STS (Long COVID: +2 [1; 3] reps; controls: +3 [1; 5] reps) between twelve and eigh-
teen months. The proportion of people with Long COVID with impaired 6MWD (27% to
17%) and 1 min STS (37% to 33%) significantly decreased. No significant changes in QMVC
were observed in either group throughout the follow-up period (Table 2). A significantly
higher proportion of participants with Long COVID experienced clinically relevant dysp-
noea, fatigue, symptoms of anxiety and depression, and impaired HRQoL compared to
controls throughout the follow-up period (Table 2). Although the proportion of people with
Long COVID reporting fatigue significantly decreased from twelve to eighteen months
(83% to 67%), a substantial proportion remained symptomatic (dyspnoea 24%, fatigue 67%,
anxiety 47%, depression 26%), and 50% reported impaired HRQoL at the end of follow-up.

3.5. Exploratory Analyses

Hospitalised (HW, ICU) and non-hospitalised (H) participants’ baseline characteristics
are presented in the Supplementary Materials. Hospitalised people were older, predomi-
nantly male, more comorbid and medicated, and had higher body mass index and worse
lung function compared to those not hospitalised (Table S13).

Only hospitalised participants significantly reduced their time spent in moderate-to-
vigorous PA (ICU −7 [−12; −2] min·day−1; HW −5 [−45; −2] min·day−1) between twelve
and eighteen months. ICU-admitted participants significantly decreased their sedentary
time from twelve to fifteen months (−68 [−133; −3] min·day−1). The proportion of
participants walking fewer than 5000 steps·day−1 increased in all groups, being significant
only in the non-hospitalised group (ICU 32% to 49%, HW 35% to 56%, H 34% to 66%).
No other significant changes were observed in PA and sedentary behaviour measures
(Table S14 and Figure S1).

Hospitalised participants consistently showed lower 6MWD and 1 min STS per-
formance compared to non-hospitalised participants throughout the follow-up period
(Table S14). All groups showed significant improvements in the 1minSTS (ICU +2 [1; 4]
reps, HW +1 [0; 3] reps; H +2 [1; 4] reps), whereas only the non-hospitalised group showed
a significant improvement in the 6MWD (ICU +15 [−10; 40] m, HW +11 [−13; 35] m, H +35
[10; 59] m). No other significant differences were detected across groups (Table S14).

By the end of follow-up, a substantial proportion of participants reported persistent
dyspnoea (ICU 18%, HW 19%, H 11%), fatigue (ICU 52%, HW 53%, H 46%), symptoms
of anxiety (ICU 15%, HW 44%, H 46%) and depression (ICU 12%, HW 28%, H 14%), and
impaired HRQoL (ICU 36%, HW 50%, H 23%; Table S14).
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4. Discussion
This study explored PA levels, sedentary behaviour and potential behaviour-change

contributing factors in people with and without Long COVID, from twelve to eighteen
months after discharge. All participants remained physically inactive, although people
with Long COVID increased light PA, while decreasing moderate-to-vigorous PA and
sedentary time, adjusting to fit lower PA levels. At eighteen months, almost one third
presented impaired functional capacity, a quarter to over a half of them reported persistent
symptoms, particularly fatigue, and up to half of them reported impaired. Dyspnoea and
impaired peripheral muscle strength were key contributing factors to decreased light PA
and step count, as well as increased sedentary time.

Our findings align with previous research reporting high physical inactivity rates
(67%) among hospitalised patients after COVID-19 within twelve months from infection,
regardless of initial severity [16]. Furthermore, a high physical inactivity proportions (70%)
and low step counts have been reported among people with Long COVID (15 ± 10 months
from acute disease), particularly when affected by fatigue, post-exertional malaise and
co-occurrence of ≥2 physical symptoms (affected vs. not affected: 6707 ± 3570 vs.
12,050 ± 5636 steps·day−1, 5993 ± 2500 vs. 9271 ± 5630 steps·day−1, 6464 ± 2665 vs.
12,290 ± 5872 steps·day−1, respectively) [46].

In our cohort, people with Long COVID from twelve to eighteen months, consistently
decreased daily time spent in moderate-to-vigorous PA (12 ± 1 to 7 ± 1 min·day−1) and
step count (4684 ± 3578 to 3847 ± 2599 steps·day−1), with proportions of people walking
fewer than 5000 steps·day−1 increasing (36% to 61%). At the same time, high proportions of
people with Long COVID reported persistent symptoms and up to 50% impaired HRQoL.
These results support a deconditioning cycle, where symptom avoidance reduces PA
volume or intensity, and in turn, physical inactivity exacerbates symptoms, further limiting
PA [13]. Indeed, symptom exacerbations follow cycling patterns, triggered by physical
effort, and overlap with post-exertional malaise episodes, reducing PA and worsening
physical condition and symptoms in people with Long COVID [47,48].

Persisting dyspnoea in Long COVID may stem from increased neural drive due to
pathophysiological factors (e.g., increased mechanical load on respiratory muscles, height-
ened chemoreceptor activation in response to higher protons concentration—mitochondrial
dysfunction, anaerobic metabolism in peripheral muscles [49], increased heart and respira-
tory rates—autonomic dysregulation) [50] and psychological burden (i.e., anticipatory fear
and dyspnoea-related anxiety) [51]. These mechanisms may contribute to PA avoidance
and worsening symptoms, as seen in other chronic diseases [52]. Recent research correlates
dyspnoea with fatigue and reduced functional capacity, characterising a dyspnoea-related
phenotype in Long COVID with pronounced fatigue, independent of lung function [53].
In line with these findings, in our study, the impaired functional capacity and peripheral
muscle strength, persistent fatigue and anxiety may have further contributed to dyspnoea
and PA reduction in people with Long COVID.

The sustained PA and sedentary behaviour change, and high symptom burden sug-
gest that current therapeutic strategies may not fully meet individual needs. While (pul-
monary) rehabilitation can improve symptoms and functional capacity in people with
Long COVID [54,55], its impact on PA levels remains inconsistent [56]. Interventions
should prioritise long-term deconditioning prevention through PA programmes, successful
in other chronic disease populations [57,58], along with fatigue management strategies,
such as pacing and gradual activity exposure [59]. Multidisciplinary approaches offering
integrated physical and psychological support may enhance symptom management.

From a public health perspective, persistent inactivity and symptoms in people with
Long COVID may result in a significant long-term burden. To address this, initiatives
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should promote safe activity pacing, integrate pulmonary rehabilitation within primary
and community care, and improve access to comprehensive support services. Large-
scale efforts such as the National COVID Cohort Collaborative-N3C and the Researching
COVID to Enhance Recovery-RECOVER programme in the United States [60,61], as well
as the Spanish Network for Research on Long COVID-REiCOP [62], exemplify strategies
to characterise Long COVID and inform responsive health policy. As highlighted by
recent global consensus, targeted investments and tailored policies are urgently needed
to mitigate the Long COVID impact on society and the economy, and to support long-
term recovery [63].

Strengths and Limitations

To our knowledge, this is the first study to longitudinally and objectively assess PA
and sedentary behaviour in people with Long COVID, twelve months after discharge,
across different acute disease severity, from the first COVID-19 outbreak. Efforts were
made to minimise bias by excluding pre-infection vaccinated individuals and those with
reinfections. PA and sedentary time were objectively measured using validated inertial
systems and a machine learning algorithm.

However, several limitations must be acknowledged. The absence of pre-infection data
limited our ability to define PA changes accurately. The follow-up starting at twelve months
may have overlooked early recovery or complications, although it helped to capture more
stable trends. A six-month follow-up period may be relatively short for exploring long-term
PA behaviours, given that seasonal and environmental factors influence, but adjustments
for daylight exposure and diverse setting recruitment (rural; urban) were applied. The lack
of a healthy control group limits generalizability, but many potential volunteers contracted
COVID-19 during recruitment, making them unsuitable for comparison. Furthermore,
repeated assessments over consecutive days could have provided more accurate insights
into physical impairments and symptoms, as previously described [64]; however, logistic
constraints (e.g., time-consuming data collection, participant travel and associated costs)
made this unfeasible.

Future research should include healthy controls and pre-infection data to better quan-
tify the Long COVID impact. Tailored interventions integrating physical and psychological
components, including behaviour-change strategies, should be explored to effectively
address persistent symptoms and PA limitations in people with Long COVID.

5. Conclusions
Although all people remain physically inactive even long after COVID-19, people

with Long COVID adjust their PA intensity and volume to fit lower PA levels. While
functional capacity generally improves over time, persistent symptoms may negatively
impact HRQoL. Dyspnoea and impaired peripheral muscle strength may be associated
with PA and sedentary behaviour changes. Tailored interventions, incorporating behaviour-
change programmes, should be explored to prevent long-term deconditioning and address
patient-specific needs.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm14113641/s1, Table S1: People after COVID-19 at twelve
months post-discharge, grouped by time spent in light physical activity change over 6-month follow-
up; Table S2: Correlations between time spent in light physical activity at eighteen months and all
baseline potential predictors; Table S3: Potential predictors for time spent in light physical activity
eighteen months, starting at twelve months post-COVID-19—Stepwise regression method vs. LASSO
regression method; Table S4: People after COVID-19 at twelve months post-discharge, grouped by
time spent in moderate-to-vigorous change over 6-month follow-up; Table S5: Correlations between

https://www.mdpi.com/article/10.3390/jcm14113641/s1
https://www.mdpi.com/article/10.3390/jcm14113641/s1
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time spent in moderate-to-vigorous physical activity at eighteen months and all baseline potential
predictors; Table S6: Potential predictors for time spent in moderate-to-vigorous physical activity at
eighteen months, starting at twelve months post-COVID-19—Stepwise regression method vs. LASSO
regression method; Table S7: People after COVID-19 at twelve months post-discharge, grouped by
steps per day change over 6-month follow-up; Table S8: Correlations between steps per day at eigh-
teen months and all baseline potential predictors; Table S9: Potential predictors for steps per day at
eighteen months, starting at twelve months post-COVID-19—Stepwise regression method vs. LASSO
regression method; Table S10: People after COVID-19 at twelve months post-discharge, grouped by
sedentary time change over 6-month follow-up; Table S11: Correlations between sedentary time at
eighteen months and all baseline potential predictors; Table S12: Potential predictors for sedentary
time at eighteen months, starting at twelve months post-COVID-19—Stepwise regression method vs.
LASSO regression method; Table S13:. Participants’ characteristics at twelve months after COVID-19,
exploratory analyses; Table S14: Primary and secondary outcomes in people after COVID-19, at
twelve, fifteen and eighteen months after discharge, exploratory analyses; Figure S1: Physical activity
and sedentary behaviour changes of people after COVID-19, during six-month follow-up, starting
from twelve months post-discharge, exploratory analyses.
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