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Abstract: Background: Coronavirus disease (COVID-19) is correlated with a variety of long-term
sequelae that affect different aspects of health, including physical function. This study investigated the
longitudinal changes in handgrip strength (HGS) over six months post-hospital discharge in COVID-
19 patients and explores the associations between HGS, health-related quality of life, dyspnoea,
exercise capacity, and body mass index (BMI). Methods: Adult COVID-19 patients were followed up
at one, three, and six months after hospital discharge. HGS, BMI, exercise capacity, and health-related
quality of life were assessed. Data from patients with HGS measurements at all three time points
were analysed. Results: Low HGS was prevalent one month post-discharge (35%). Participants with
low HGS exhibited more severe disease (30.5% vs. 5.9% were admitted to the intensive care unit,
p < 0.01), longer hospital stays (median [IQR] 21 [10.0; 40.5] vs. 12.0 [8.0; 20.0] days, p < 0.01), greater
weight loss (−5.7 [−9.1; −0.6] vs. −3.2 [−5.7; −0.0] kg, p = 0.004), and reduced exercise capacity
(6 min walking test [6 MWT], 95.7 [84.0; 102.0] vs. 100.0 [92.9; 105.0]% predicted, p = 0.007). Those
with persistently low HGS (40% of the initial low HGS group) had worse exercise capacity (6-MWT
93.3 [78.3; 101.0] vs. 101.0 [95.0; 107.0]% predicted, p < 0.001), more dyspnoea (29.0% vs. 2.0% of
participants, p < 0.001), poorer quality of life (visual analogue scale score, 75 [50; 75] vs. 85 [75; 95],
p < 0.001), and higher rates of problems in various health dimensions. HGS at 1 month was the
only significant predictor of HGS improvement from 1 month to 6 months (odds ratio [95% CI] 1.11
[1.03; 1.20], p = 0.008). Conclusions: This study highlights the prevalence of reduced physical function
among COVID-19 survivors and emphasises the importance of early identification and intervention
to optimise their long-term health. Monitoring HGS, a simple and reliable tool, can provide valuable
insights into patients’ overall physical function, aiding in tailored care and improved outcomes.

Keywords: SARS-CoV-2; COVID-19; muscle strength; sarcopenia; physical function

1. Introduction

COVID-19 has been linked with long-term effects, including respiratory, neurological,
metabolic, endocrine, and musculoskeletal alterations [1,2] that deeply affect the quality
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of life [3]. These signs and symptoms comprise complex and varied scenarios identified
as long-COVID or post-COVID syndrome [2]. Up to 50% of individuals with COVID-19
have been reported to have long-COVID [4,5], the most common symptoms being fatigue
and dyspnoea [6]. Long-COVID is more common in those with severe illness but can
affect anyone exposed to SARS-CoV-2 [7]. The main risk factors include older age and
female sex, in addition to severe illness. The risk is further increased by comorbid condi-
tions such as diabetes, obesity, and respiratory diseases [8–10]. Reports of unintentional
weight loss and malnutrition have been frequent among COVID-19 patients, independent
of disease severity [11–15]. Loss of lean body mass caused by systemic inflammation,
anorexia, taste loss, muscle disuse, and bed rest contribute to the weight loss associated
with COVID-19 [16]. Although most patients regain weight after the acute phase, this
appears to be due to a disproportional increase in adiposity, which may further worsen
their body composition [17]. Based on this background, COVID-19 bears a high risk of
sarcopenia, a reduction in muscle mass and strength [18]. Consistently, several authors
have reported that COVID-19 survivors have reduced physical performance, independent
of disease severity [19–23]. Handgrip strength (HGS) is the force generated by the hand
muscles when gripping an object. It is a simple and inexpensive measure of muscle strength
and function that is measured using a handgrip dynamometer (hydraulic, pneumatic, or
mechanical), and is associated with a variety of health outcomes [24]. HGS also reflects
several health outcomes, including health status, mortality risk, and length of hospital
stay [25,26], and is a key criterion for the diagnosis of sarcopenia, a condition characterised
by low muscle mass and strength [27]. SARS-CoV-2 infection increases the risk of clinically
relevant reductions in HGS [28]. Low muscle strength, as measured using the HGS test, was
present in 65% of men and 47% of women transferred to a pulmonary rehabilitation facility
after hospitalisation for COVID-19 [29]. HGS was lower in malnourished individuals and
was correlated with malnutrition scores [29]. Currently, there is a limited understanding of
the dynamics of physical function and their influence on the health outcomes of COVID-19
patients in the months after hospital discharge. It has been reported that low HGS is present
in 52% of COVID-19 patients 3–11 months after discharge from hospital [30]. However,
that investigation was cross-sectional, and data from individuals assessed at different times
were presented in an aggregate form, not allowing a characterisation of changes in physical
function over time.

With the belief that COVID-19 might serve as a multiscale modelling framework to
study the effects of reduced physical function on health outcomes beyond COVID-19 itself,
we sought to evaluate the longitudinal changes in physical function measured using the
HGS test over 6 months after hospital discharge in COVID-19 patients, and changes in
health-related quality of life, dyspnoea, exercise capacity, and body mass index (BMI) in
relation to physical function. The factors associated with an improvement in HGS were
also investigated. We hypothesised that impaired physical function soon after COVID-19
significantly impacts long-term health-related quality of life and overall health status.

2. Materials and Methods
2.1. Study Design

This was a sub-study of the COVID-BioB study, a large prospective observational
investigation performed at San Raffaele University Hospital, a tertiary healthcare hospital
in Milan, Italy [31,32]. The study protocol complied with the Declaration of Helsinki,
was approved by the Hospital Ethics Committee (protocol no. 34/int/2020), and was
registered on ClinicalTrials.gov (NCT04318366). Full descriptions of patient management
and clinical protocols have been previously published [31,32]. Signed informed consent was
obtained from all the patients participating in this study. We included adult (age ≥ 18 years)
individuals with a confirmed diagnosis of COVID-19 who had been admitted to and
subsequently discharged home from a COVID-19 medical ward of San Raffaele University
Hospital, and were re-evaluated one, three, and six months after remission at the Outpatient
COVID-19 Follow-Up Clinic of the same institution. All outpatients who completed all
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follow-up visits (1, 3, and 6 month) between 30 November 2020 and 18 November 2021 were
included. Study size was defined by the time window of the study. Confirmed COVID-19
was defined as positive real-time reverse-transcriptase polymerase chain reaction (RT-PCR)
from a nasal and/or throat swab, together with signs, symptoms, and/or radiological
findings suggestive of COVID-19 pneumonia. Remission was defined as two negative
RT-PCR results from a nasal and/or throat swab performed 24 h apart with no symptoms.
Only patients with available anthropometric data (weight and height) recorded upon
admission and at follow-up and HGS tests at 1-month, 3-month and 6-month visits were
included in the analyses. Patients who were admitted for other reasons and subsequently
diagnosed with superimposed SARS-CoV-2 infection were excluded.

2.2. Data Collection

The Outpatient COVID-19 Follow-up Clinic is staffed by a multidisciplinary team
encompassing specialists in internal medicine, neurology, psychiatry, cardiology, nutrition,
and nephrology. This team conducted a retrospective analysis of patient medical records,
evaluating both the initial presentation of COVID-19 and the subsequent disease progres-
sion. These assessments occurred in the presence of the patient and were meticulously
integrated with their comprehensive medical history. Moreover, a comprehensive physical
examination was carried out. Data were entered into a dedicated electronic case record
form (eCRF) specifically developed for the COVID-BioB study. Prior to the analysis, the
data were cross-checked with medical charts and verified by data managers and clini-
cians for accuracy. The following variables were collected for all participants: age, sex,
race/ethnicity, BMI, comorbidities (including history of arterial hypertension, diabetes
mellitus, chronic kidney disease, ischaemic heart disease, and active malignancy), length of
stay (LoS), and therapeutic regimen (low-flow oxygen, non-invasive mechanical ventilation
[NIV], or admission to the Intensive Care Unit [ICU]). Measuring weight and height on
admission was not feasible due to the workload of nurses and physicians during the peak of
the pandemic and the need for contact and airborne precautions in the hospital. Therefore,
the weight and height on admission were self-reported by the patients. Height measured at
follow-up visits was subsequently used to calculate baseline BMI for the present analysis.

The first follow-up outpatient visit was scheduled one month after discharge (1 M), the
second visit at three months (3 M), and the third visit at six months (6 M). All visits included
a complete internal medicine assessment (collection of medical history, measurement of
vital signs, physical examination) and nutritional evaluation (body weight, height, waist
circumference measurements, nutritional questionnaires, and muscle function and strength
evaluations). Body weight was measured to the nearest 0.1 kg using a balance-beam scale,
height was measured to the nearest 0.1 cm using a wall-mounted stadiometer, and BMI was
calculated as the ratio between the weight (kg) and the height (m) squared. Participants
were classified into four groups according to their BMI: underweight (BMI < 18.5 kg/m2),
normal weight (BMI 18.5–24.9 kg/m2), overweight (BMI 25.0–29.9 kg/m2), and obese
(BMI ≥ 30 kg/m2). Waist circumference measurements were performed around the ab-
domen at the level of the umbilicus. Abdominal obesity was defined as waist circumference
≥88 cm in women and ≥102 cm in men.

Nutritional status was evaluated using the Mini Nutritional Assessment Short Form
(MNA-SF) and classified according to the resulting score as follows: normal nutritional
status, MNA-SF score ranging from 12 to 14; risk of malnutrition, MNA-SF score ranging
from 8 to 11; and malnutrition, MNA-SF score ranging from 0 to 7 [33].

Physical function was assessed using the HGS test with a digital dynamometer (Jamar
Plus; Paterson Medical, Green Bay, WI, USA). The mean value of three consecutive mea-
surements performed using the dominant hand was used. Participants with HGS values
below the 5th percentile for sex and age were classified as having low muscle strength (low
HGS) [34]. Those whose HGS normalised (from below to above the 5th percentile) at 6 M
were considered to have improved HGS.
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Exercise capacity was evaluated using the 6 min walking test (6 MWT) as per the
guidelines provided by the American Thoracic Society (ATS) [35]. A validated reference
equation, developed in healthy subjects from seven different countries, was used to derive
predictive values of the 6 min walk distance (6 MWD) in patients with no history of chronic
pulmonary disease [36]. A different equation specific for chronic obstructive pulmonary
disease (COPD) patients was used to calculate COPD-predicted values of the 6 MWD [37].

Health-related quality of life was assessed using the European Quality of Life Ques-
tionnaire’s three-level version (EQ-5D-3L) [38]. The EQ-5D-3L includes five dimensions
(mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) as well as
a visual analogue scale (EQ VAS). Each dimension has three levels: no problems, some
problems, and extreme problems. For the purposes of this analysis, EQ-5D levels were
categorised as either ‘no problems’ (level 1) or ‘any problems’ (levels 2 and 3). The EQ VAS
assesses the patient’s self-rated health on a vertical scale, with endpoints labelled as ‘best
imaginable health state’ and ‘worst imaginable health state’.

2.3. Statistical Analyses

Descriptive statistics were obtained for all the study variables. Continuous variables
are expressed as medians [25th–75th percentiles]. Categorical variables are summarised as
counts and percentages. Fisher’s exact test or χ2 test and the Wilcoxon signed-rank test or
the Kruskal–Wallis test were employed to assess differences in categorical and continuous
variables, respectively. Correlations were analysed using the Spearman’s rank correlation
analysis. Univariate and multivariate logistic regression analyses were used to identify the
variables associated with HGS improvement from 1 M to 6 M. The demographic and clinical
characteristics potentially associated with HGS improvement were tested using univariable
models. All variables that emerged as predictors (p < 0.05) in the univariate analysis were
used as covariates in the multivariate model. The missing data were not imputed. All
statistical tests were two-sided. Statistical significance was set at p value < 0.05. Statistical
analyses were conducted using IBM SPSS Statistics (IBM SPSS Statistics for Windows,
Version 22.0. Armonk, NY, USA: IBM Corp.).

3. Results
3.1. Participant Characteristics upon Admission and Disease Severity

In total, 234 participants were included in the analysis. Their characteristics are
summarised in Table 1. Most participants were male (61.5%), the median age was 67 years,
and most (65%) were older than 60 years. All patients were hospitalised with a median
LoS of 14 days. Most participants received low-flow oxygen or non-invasive mechanical
ventilation (NIV), and 14.5% were admitted to the ICU (Table 1). The median BMI upon
hospital admission was 28.2 kg/m2. The majority (79%) of participants were overweight
(43.7%) or obese (35.5%), while 20.3% were normal weight, and 0.5% were underweight.

Table 1. Patients’ demographic characteristics upon admission and during in-hospital clinical disease
course.

Variables

Age, median (IQR) years 67 (56–74.3)

Males, n (%) 144 (61.5%)

Race/Ethnicity, n (%)
- White
- Hispanic
- Asian
- Black

218 (93.2)
10 (4.2)
3 (1.3)
3 (1.3)
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Table 1. Cont.

Variables

Active smokers, n (%) 53 (22.6%)

Arterial hypertension, n (%) 136 (58.1%)

Diabetes mellitus, n (%) 50 (21.4%)

Ischemic heart disease, n (%) 39 (16.7%)

COPD/asthma, n (%) 23 (9.8%)

Chronic kidney disease, n (%) 18 (7.7%)

Active malignancy, n (%) 7 (3%)

BMI, median (IQR) kg/m2 28.2 (25.6–31.2)

Length of stay, median (IQR) days 14 (9–24)

Low-flow oxygen, n (%) 138 (59%)

NIV, n (%) 62 (26.5%)

ICU, n (%) 34 (14.5%)
Continuous variables are expressed as median (25th and 75th percentiles). Categorical variables are expressed as
absolute values (%). Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; BMI, body mass index; NIV,
non-invasive ventilation; ICU, intensive care unit.

3.2. Anthropometrics and Physical Evaluations during Follow-Up

The median BMI significantly decreased from baseline to 1 M, and progressively
increased from 1 M to 6 M (Figure 1A). However, at 6 M the BMI was still significantly
lower than that at baseline (Figure 1A). The median HGS progressively increased during
the follow-up period (Figure 1B). At 1 M, 82 participants (35%) were classified as having
low HGS (HGS < 5th percentile of reference values for age and sex).
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 Figure 1. (A) Body mass index (BMI, kg/m2) prior to hospital admission and at 1, 3, and 6 months;
and (B) handgrip strength (kg) at 1, 3, and 6 months after discharge. # p < 0.05; ### p < 0.01 within the
same group.

3.3. Comparison between Participants with Normal and Low HGS

Table 2 presents a comparison between individuals with normal and low HGS. Partici-
pants with low HGS were younger and more frequently female than those with normal
HGS (Table 2). The BMI and prevalence of comorbidities at hospital admission were similar
between groups. Participants with normal HGS were treated more frequently with low-
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flow oxygen during hospitalisation, less commonly admitted to the ICU, and had a shorter
LoS than those with low HGS (Table 2).

Table 2. Comparison between patients with low or normal handgrip strength (HGS) at 1 month after
discharge.

Variable Low HGS
(n = 82)

Normal HGS
(n = 152) p Value

Age, years 60.0 (54.0; 69.0) 70.0 (60.0; 77.0) <0.001
Female sex, n (%) 24 (29.3) 66 (43.4) 0.034

Ethnicity, n (%)
- White
- Hispanic
- Asian
- Black

72 (87.8)
5 (6.1)
2 (2.4)
3 (3.7)

146 (96.1) *
5 (3.3)
1 (0.7)
0 (0)

0.031

Smoke, n (%) 20 (24.2) 33 (21.9) 0.659
BMI (baseline), kg/m2 28.5 (25.8; 31.4) 28.0 (25.3; 31.2) 0.395

BMI category †, n (%)
- Underweight
- Normal weight
- Overweight
- Obesity

0 (0)
14 (17.3)
37 (45.7)
30 (37.0)

1 (0.6)
33 (22.0)
64 (42.7)
52 (34.7)

0.800

Arterial hypertension, n (%) 46 (56.1) 90 (59.2) 0.645
Diabetes mellitus, n (%) 22 (26.8) 28 (18.4) 0.134

Coronary artery disease, n (%) 17 (20.7) 22 (14.5) 0.220
Chronic kidney disease, n (%) 7 (8.5) 11 (7.2) 0.722

COPD/asthma, n (%) 8 (9.8) 15 (9.9) 0.978
Malignancy, n (%) 1 (1.2) 6 (3.9) 0.426

Treatment modality, n (%)
- Low-flow oxygen
- NIV
- ICU

30 (36.6)
27 (32.9)
25 (30.5)

108 (71.1) **
35 (23.0)
9 (5.9) **

<0.001

Length of stay, days 21.0 (10.0; 40.5) 12.0 (8.0; 20.0) <0.001
Follow-up: 1 month

Time from discharge, days 34.5 (29.0; 39.8) 34.0 (29.0; 39.0) 0.970
SBP, mmHg 130.0 (120.0; 140.0) 130.0 (120.0; 140.0) 0.163
DBP, mmHg 80.0 (70.0; 80.0) 80.0 (70.0; 80.0) 0.555

SatO2, % 98.0 (97.0; 99.0) 98.0 (97.0; 99.0) 0.624
Dyspnoea ‡, n (%) 20 (27.4) 28 (19.9) 0.286

Weight change (0–1 month) −5.7 (−9.1; −0.6) −3.2(−5.7; 0.0) 0.004
BMI, kg/m2 27.2 (25.2; 29.6) 27.6 (24.6; 30.7) 0.574

Abdominal obesity, n (%) 38 (46.3) 96 (63.2) 0.013
Handgrip strength, kg 18.6 (13.8; 25.4) 23.4 (16.6; 31.5) <0.001

6-MWT, m 460.0 (400.0; 500.0) 460.0 (440.0; 500.0) 0.486
6-MWT, % predicted 91.0 (81.0; 96.0) 93.0 (86.6; 101.0) 0.012
Follow-up: 3 months

Time from discharge, days 90.0 (90.0; 96.0) 90.0 (90.0; 93.0) 0.978
SBP, mmHg 130.0 (120.0; 135.0) 130.0 (120.0; 140.0) 0.036
DBP, mmHg 80.0 (73.8; 80.0) 80.0 (70.0; 80.0) 0.600

SatO2, % 98.0 (97.0; 98.0) 98.0 (98.0; 98.0) 0.360
Dyspnoea ‡, n (%) 13 (15.9) 16 (10.5) 0.053

BMI, kg/m2 27.5 (25.4; 29.9) 27.7 (24.6; 30.8) 0.923
Abdominal obesity, n (%) 45 (54.9) 98 (64.5) 0.151

Handgrip strength, kg 21.5 (14.7; 27.6) 24.2 (16.6; 33.1) 0.013
6-MWT, m 480.0 (410.0; 500.0) 480.0 (460.0; 500.0) 0.979

6-MWT, % predicted 95.7 (84.0; 102.0) 100.0 (92.9; 105.0) 0.007
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Table 2. Cont.

Variable Low HGS
(n = 82)

Normal HGS
(n = 152) p Value

Follow-up: 6 months
Time from discharge, days 180.0 (179.0; 181.3) 180.0 (180.0; 188.0) 0.136

SBP, mmHg 125.0 (120.0; 135.0) 130.0 (120.0; 140.0) 0.041
DBP, mmHg 80.0 (75.0; 80.0) 80.0 (80.0; 80.0) 0.729

SatO2, % 98.0 (97.0; 98.0) 98.0 (98.0; 98.0) 0.189
Dyspnoea ‡, n (%) 10 (12.2) 14 (9.2) 0.449

BMI (1 month), kg/m2 27.9 (25.5; 30.8) 27.8 (24.8; 31.2) 0.824
Abdominal obesity, n (%) 50 (61.0) 103 (67.8) 0.298

Handgrip strength, kg 24.5 (15.8; 33.3) 25.0 (18.4; 32.9) 0.433
6-MWT, m 500.0 (460.0; 520.0) 480.0 (460.0; 500.0) 0.881

6-MWT, % predicted 100.0 (89.2; 105.0) 102 (96.3; 109.0) 0.003

Continuous variables are expressed as median (25th and 75th percentiles). Categorical variables are expressed as
absolute values (%). Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; ICU, intensive care unit;
MNA-SF, mini nutritional assessment—short form; NIV, non-invasive mechanical ventilation; SatO2, peripheral
oxygen saturation; SBP, systolic blood pressure; 6-MWT, 6 min walking test. Percentages were calculated using
the actual number of cases. Missing: † 3; ‡ 20 at 1 month, 13 at 3 months, 15 at 6 months. * p < 0.05; ** p < 0.01.

At 1 M, weight loss from the baseline was greater, and the proportion of participants
with abdominal obesity was lower in those with low HGS. The percent predicted 6MWT
was also lower in these participants compared to those with normal HGS (Table 2). At
3 M and 6 M, between-group differences in HGS and percent predicted 6MWT persisted
(Table 2).

In those with normal HGS at 1 M, the proportion of participants with at least some
problems in performing usual activities significantly declined during follow-up, being
significantly lower at 6 M as compared to the group with low HGS (Figure 2). At 6 M, the
proportion of participants with moderate or extreme pain/discomfort was significantly
lower among those with normal HGS than among those with low HGS (Figure 2). The
general health status significantly improved from 1 M to 6 M in both groups (Figure 2).
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3.4. Comparison between Participants with and without HGS Improvement

More than half (62%) of the participants with low HGS at 1 M had an improvement in
HGS at 6 M, whereas HGS remained stable or worsened in the remainder.

The between-group differences are summarised in Table 3. Age, sex, baseline BMI,
comorbidities, in-hospital treatments, and LoS were similar between groups (Table 3).

Participants with a stable or worse HGS had a significantly lower percent predicted
6MWT at all time points than those with an improved HGS (Table 3). Moreover, dyspnoea
was more common among participants with a stable or worse HGS at 3 M and 6 M (Table 3).

At 6 M, the median BMI was still significantly lower than that at baseline in both
groups (Figure 3A). However, in those with an improvement in HGS, the median BMI
progressively increased from 1 M to 6 M (Figure 3A).

Table 3. Comparison between patients with low handgrip strength (HGS) at 1 month after discharge
whose handgrip strength improved or did not normalize at 6 months after discharge.

Variable Stable/Worse HGS (n = 31) Improved HGS (n = 51) p Value

Age, years 56.0 (51.0; 67.0) 62.0 (56.0; 72.0) 0.094
Female sex, n (%) 11 (35.5) 13 (25.5) 0.335

Smoke, n (%) 8 (25.8) 12 (23.5) 0.816
BMI (baseline), kg/m2 28.3 (25.6 (31.9) 28.5 (25.8; 31.3) 0.977

BMI category †, n (%)
- Underweight
- Normal weight
- Overweight
- Obesity

-
5 (16.1)

13 (41.9)
12 (38.7)

-
9 (17.6)

24 (47.1)
18 (35.3)

0.543

Arterial hypertension, n (%) 19 (61.3) 27 (52.9) 0.460
Diabetes mellitus, n (%) 9 (29.0) 13 (25.5) 0.726

Coronary artery disease, n (%) 9 (29.0) 8 (15.7) 0.148
Chronic kidney disease, n (%) 3 (9.7) 4 (7.8) 1.000

COPD/asthma, n (%) 5 (16.1) 3 (5.9) 0.129
Malignancy, n (%) 0 (0) 1 (2.0) 1.000

Treatment modality, n (%)
- Low-flow oxygen
- NIV
- ICU

11 (35.5)
9 (29.0)

11 (35.5)

19 (37.3)
18 (35.3)
14 (27.5)

0.721

Length of stay, days 19.0 (9.0; 43.0) 21.0 (10.8; 39.8) 0.596

Follow-up: 1 month
Time from discharge, days 35.0 (29.0; 38.3) 33.5 (29.0; 40.0) 0.964

SBP, mmHg 130.0 (110.0; 140.0) 130.0 (120.0; 135.0) 0.399
DBP, mmHg 80.0 (70.0; 85.0) 80.0 (70.0, 80.0) 0.941

SatO2, % 98.0 (97.0; 99.0) 98.0 (97.0; 98.0) 0.477
Dyspnoea ‡, n (%) 11 (35.5) 9 (17.6) 0.140

Weight change 0–1 months, % −4.7 (−9.8; 0.0) −5.9 (−8.7; −1.6) 0.784
MNA-SF

0.362
No malnutrition 3 (10.0) 4 (7.8)

Risk of malnutrition 16 (53.3) 20 (39.2)
Malnutrition 11 (36.7) 27 (52.9)

BMI (1 month), kg/m2 27.3 (25.2; 29.0) 27.1 (25.0; 30.5) 0.800
Waist circumference (cm) 95.0 (88.0; 103.0) 97.0 (90.0; 108.0) 0.464
Abdominal obesity, n (%) 17 (54.8) 21 (41.2) 0.229

Capillary blood glucose, mg/dL 108.0 (100.0; 120.0) 114.0 (101.0; 149.0) 0.176
Handgrip strength, kg 15.8 (12.6; 19.6) 22.2 (13.9; 26.0) 0.006

6-MWT, m 460.0 (320.0; 500.0) 460.0 (420.0; 500.0) 0.265
6-MWT, % predicted 87.0 (73.0; 93.3) 91.5 (84.3; 97.8) 0.006
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Table 3. Cont.

Variable Stable/Worse HGS (n = 31) Improved HGS (n = 51) p Value

Follow-up: 3 months
Time from discharge, days 90.0 (90.0; 96.0) 90.0 (90.0; 97.0) 0.900

SBP, mmHg 130.0 (120.0; 135.0) 130.0 (115.0; 130.0) 0.506
DBP, mmHg 80.0 (70.0; 80.0) 80.0 (75.0; 80.0) 0.649

SatO2, % 98.0 (97.0; 98.0) 98.0 (97.0; 98.0) 0.882
Dyspnoea ‡, n (%) 9 (29.0) 4 (7.8) 0.022

BMI (1 month), kg/m2 27.5 (25.0; 29.6) 27.4 (25.5; 30.2) 0.992
Waist circumference (cm) 95.0 (90.0; 110.0) 97.0 (90.0; 108.0) 0.989
Abdominal obesity, n (%) 21 (67.7) 24 (47.1) 0.068

Capillary blood glucose, mg/dL 122.0 (106.0; 145.0) 116.0 (103.0; 147.0) 0.681
HGS, kg 17.0 (12.4; 22.7) 25.0 (17.3; 29.1) 0.001

6-MWT, m 470.0 (355.0; 505.0) 500.0 (440.0; 500.0) 0.205
6-MWT, % predicted 87.0 (73.8; 95.7) 98.8 (92.0; 103.0) <0.001

Follow-up: 6 months
Time from discharge, days 180.0 (179.0; 181.0) 180.0 (179.0; 188.0) 0.193

SBP, mmHg 125.0 (120.0; 130.0) 125.0 (120.0; 135.0) 0.301
DBP, mmHg 80.0 (70.0; 80.0) 80.0 (80.0; 80.0) 0.146

SatO2, % 98.0 (97.0; 98.0) 98.0 (98.0; 98.0) 0.408
Dyspnoea ‡, n (%) 9 (29.0) 1 (2.0) <0.001

BMI (1 month), kg/m2 27.7 (25.5; 30.8) 28.1 (25.6; 30.7) 0.916
Waist circumference (cm) 100.0 (92.0; 110) 101.0 (92.0; 108.0) 0.912
Abdominal obesity, n (%) 21 (67.7) 29 (56.9) 0.327

Capillary blood glucose, mg/dL 123.0 (109.0; 163.0) 116.0 (101.0; 150.0) 0.341
Handgrip strength, kg 19.4 (14.4; 24.3) 31.2 (21.3; 35.9) <0.001

6-MWT, m 480.0 (430.0; 505.0) 500.0 (460.0; 520.0) 0.355
6-MWT, % predicted 93.3 (78.3; 101.0) 101.0 (95.0; 107.0) <0.001

Continuous variables are expressed as median (25th and 75th percentiles). Categorical variables are expressed as
absolute values (%). Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; ICU, intensive care unit;
MNA-SF, mini nutritional assessment—short form; NIV, non-invasive mechanical ventilation; SatO2, peripheral
oxygen saturation; SBP, systolic blood pressure, 6-MWT, 6 min walking test. Percentages are calculated on the
actual number of cases. Missing: † 1; ‡ 9 (1 month), 8 (3 months), 7 (6 months).
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Figure 3. (A) Body mass index (BMI) and (B) handgrip strength (HGS) at baseline, 1, 3, and 6 months
after discharge in patients with low HGS at 1 month whose strength did or did not improve at
6 months after discharge. # p < 0.05; ## p < 0.01; ### p < 0.001 within the same group ** p < 0.01;
*** p < 0.001 between groups.

As expected, in participants with an improvement in HGS, strength progressively
increased from 1 M to 6 M (Figure 3B). There was a significant, although weak, correlation
between changes from 1 M to 6 M in HGS and BMI (r = 0.187; p = 0.004).
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Finally, problems in the EQ-5D dimensions were significantly less common among
those with an improvement in HGS (Figure 4), who also had a progressive improvement in
general health status (VAS, Figure 4).
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and 6 months after discharge in patients with low handgrip strength at 1 month whose strength did
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** p < 0.01; *** p < 0.001 between groups.

3.5. Predictors of HGS Improvement

In univariable logistic regression, HGS at 1 M and race/ethnicity emerged as significant
predictors of HGS improvement from 1 M to 6 M. Only HGS at 1 M remained significant in
the multivariable regression analysis (Table 4).

Table 4. Binomial univariable and multivariable logistic regression for HGS improvement (low to
normal) from 1 to 6 months after discharge in patients with low HGS at the 1-month follow-up visit
(n = 82).

Variable Univariable Multivariable

Odds Ratio (95% C.I.) p Value Odds Ratio (95% C.I.) p Value

Age 1.03 (0.99; 1.07) 0.145
Sex (female) 1.61 (0.61; 4.23) 0.337
Race (white) 4.67 (1.01; 19.67) 0.036 4.37 (0.97; 19.70) 0.055

BMI (1 M) 0.97 (0.89; 1.06) 0.476
Abdominal obesity (1 M) 1.74 (0.71; 4.27) 0.231

Arterial hypertension 0.711 (0.287; 1.76) 0.461
Diabetes mellitus 0.84 (0.31; 2.27) 0.726

Coronary artery disease 0.46 (0.15; 1.34) 0.154
Chronic kidney disease 0.79 (0.67; 3.81) 0.774

COPD/asthma 0.33 (0.07; 1.47) 0.144
ICU 0.69 (0.26; 1.80) 0.445
LoS 1.00 (0.98; 1.02) 0.930

Handgrip strength 1 M 1.12 (1.03; 1.21) 0.006 1.11 (1.03; 1.20) 0.008

Abbreviations: BMI, body mass index; COPD chronic obstructive pulmonary disease; ICU intensive care unit;
LoS, length of stay; 1 M, one month.
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4. Discussion

This is the first study that assessed the longitudinal changes in physical function
measured using the HGS test over 6 months following hospital discharge in COVID-19
patients, and the relationship between these changes and variations in health-related
quality of life, dyspnoea, exercise capacity, and BMI. Low physical function was prevalent
in COVID-19 survivors one month after hospital discharge, with 35% of the cohort having
HGS values below the 5th percentile of the reference values for age and sex. As expected,
participants with low HGS had more severe disease and a longer LoS. One month after
discharge, the participants with low HGS exhibited greater weight loss from baseline and a
worse exercise capacity (6 MWT). Although at six months the differences in HGS values
between participants with low and those with normal HGS at one month were markedly
reduced, the exercise capacity in the first group remained significantly lower. Furthermore,
at all follow-up visits, participants whose HGS had not improved (40% of those with low
HGS at 1 M) had a worse exercise capacity and higher rates of dyspnoea than those whose
HGS had improved. Furthermore, at the six-month mark, these participants experienced
more issues in EQ-5D dimensions and had lower VAS scores, indicating a strict correlation
between physical function, as evaluated using the HGS test, and quality of life.

Several previous studies have reported impaired physical function in COVID-19 sur-
vivors. Reduced 6 MWD (<80% of the predicted value) was reported in 48% of 46 patients
treated with mechanical ventilation during the acute phase and evaluated at 3 months
following hospital discharge [19]. Similar proportions of patients with abnormal exercise
capacity have been described in other reports [20–23,39], revealing that this is a prevalent
and relevant issue among individuals who have recovered from COVID-19, and highlight-
ing the need for early identification of these patients to facilitate tailored interventions
and optimise their overall care. In our cohort, HGS was the only significant predictor of
improved physical function (HGS) at six months, and people with low HGS had a worse
exercise capacity, dyspnoea, and quality of life. Our findings are consistent with a large
Canadian study that identified fatigue as a significant predictor of declining health-related
quality of life after COVID-19 [40]. Although physical function and quality of life improve
over time in COVID-19 survivors, an impairment in these health-related outcomes persists
in a significant proportion of patients [40,41]. These data suggest that HGS should be
assessed soon after discharge to identify patients who may need additional care to improve
their health status.

Assessing HGS is a straightforward and cost-effective approach for evaluating muscle
strength and function, and correlates with strength in other body parts, making it a de-
pendable substitute for more complex measures of lower and upper extremity strength [27].
Accurate measurement of HGS requires the use of a calibrated handheld dynamometer in
well-defined test conditions with normative data from suitable reference populations.

HGS is a strong predictor of poor long-term clinical outcomes. In a prospective study
conducted in 17 different countries, including 142,861 participants followed for 4 years
from 2003 to 2009, the HGS values were inversely correlated with all-cause mortality, cardio-
vascular mortality, and ischaemic, cardiovascular, and neurological events. Moreover, HGS
was found to more effectively predict all-cause and cardiovascular mortality compared to
systolic blood pressure [42]. Other studies have shown a strict inverse association between
HGS levels and the risk of cardiovascular disease, diabetes, traumatic falls and fractures,
osteoporotic complications, major depression, and cognitive deficits occurrence [43–48]. A
systematic review and meta-analysis including 504 studies and 8 systematic reviews that
evaluated the influence of HGS on 11 different adverse clinical outcomes reported a strong
negative influence of low HGS, particularly on all-cause and cardiovascular mortality and
disability [26]. The authors concluded that HGS might represent an extremely reliable and
easy-to-use clinical tool to assess participants’ general health status and risk of adverse
events.

Our data confirmed our previous finding that unintentional weight loss is frequently
observed in COVID-19 survivors [13]. Although most participants return to their original
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weight after recovery [17], here we have shown that six months after discharge, the BMI is
still lower than baseline, and that weight gain is associated with HGS improvement. It has
been estimated that the prevalence of malnutrition among individuals hospitalised with
COVID-19 ranges between 12% and 83% in general ward patients and 31% and 94% in
patients admitted to the ICU [49]. An association between malnutrition and HGS has been
reported in COVID-19 patients [29], prompting the need for nutritional interventions aimed
at improving physical function in this population. Several nutritional recommendations
have been published for the management of individuals with COVID-19 [50,51]. It is
generally acknowledged that the risk of malnutrition should be evaluated in vulnerable
populations and in patients who are hospitalised. Specific guidelines for energy, protein,
and fluid intake are provided, and oral nutritional supplements may be recommended if a
patient’s nutritional requirements are not being met [51]. However, a systematic review
and meta-analysis has shown that nutritional interventions, such as oral nutritional sup-
plements, dietary counselling, or a combination of both, do not lead to improvements in
HGS in older adults who are malnourished or at risk of malnutrition. [52]. More research is
needed to verify the efficacy of the proposed nutritional interventions on HGS and other
clinically relevant outcomes in people who survive COVID-19. In contrast, multidimen-
sional respiratory rehabilitation programs incorporating respiratory physiotherapy, and
aerobic, strength, and resistance training result in gradual recovery of functional capacity,
leading to increased autonomy and improved quality of life [53,54]. A large meta-analysis
found that rehabilitation interventions demonstrated an association with improved out-
comes in functional exercise capacity, dyspnoea, and quality of life [55]. In this light, we
propose that a physical therapy professional should ideally be included in the management
of patients admitted to medicine wards. Physical therapists help patients regain mobility,
manage pain, and improve their quality of life. This tailored care approach accelerates
recovery, reduces complications and readmissions, and empowers patients to actively
participate in their health [56,57].

Notably, while the proportion of participants with abdominal obesity was significantly
lower among those with low HGS at 1 M, this figure progressively grew over time, reaching
a proportion similar to that of people with normal HGS at 6 M (Table 2). Among those with
low HGS, the proportion of individuals with abdominal obesity was numerically greater
in the subgroup with no improvement in HGS at any time point (Table 3). These findings
suggest unfavourable alterations in body composition, including a progressive increase in
abdominal adiposity over time. In light of these observations, the importance of nutritional
counselling and physical rehabilitation becomes even more evident.

This study has limitations, so the data should be interpreted with caution. First,
its retrospective design hampers the generalisability of the findings. Weighing patients
during their hospital stay was unfeasible due to the unprecedented workload of healthcare
professionals in the first wave of the pandemic. This might have led to only partially
accurate weight values. Data on body composition were not available, which did not allow
us to identify the participants as sarcopenic. A diagnosis of sarcopenia requires both muscle
mass and function criteria [27]. Finally, we did not have data on physical performance and
HGS before hospitalisation, which might have been useful for investigating the influence
of pre-disease muscle function on acute and long-term outcomes. A strength of our study
is the inclusion of a large sample of participants who were hospitalised with COVID-19
during the first wave of the pandemic, reducing the potential bias due to anti-SARS-CoV-2
vaccination. Moreover, its longitudinal nature with patient assessments at different time
points after discharge allowed us to evaluate the dynamics of the study outcomes and
determine whether physical function trajectories, rather than single punctual values, impact
long-term health status and quality of life. This brings a novel perspective to the field of
post-COVID-19 health status. By establishing a clear association between early changes
in physical dysfunction and longitudinal changes in health-related quality of life, our
study contributes essential insights that can inform timely interventions and personalised
treatment plans. It provides a foundation for a more patient-centred healthcare approach,
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emphasising individualised care based on risk profiles. Additionally, our findings offer
valuable data for optimising resource allocation, healthcare planning, and patient education.
This work underscores the significance of routinely assessing physical function as part of
quality of life measures, potentially leading to more tailored interventions. Furthermore,
our research initiates a pathway for further in-depth investigations into the mechanisms
connecting early physical dysfunction to long-term well-being, offering a rich avenue for
future research endeavours in the field.

5. Conclusions

In conclusion, to our knowledge, this is the first study to show that the degree of
recovery of physical function, as assessed using HGS, is associated with long-term health
outcomes and the health-related quality of life of COVID-19 survivors. This has important
implications for patient management that go beyond COVID-19. The implementation
of strategies to limit muscle impairment and muscle loss might minimize the risk of
cardiometabolic alterations and adverse long-term outcomes not only in patients who
had COVID-19, but also in those undergoing prolonged bed rest, suffering from systemic
inflammatory conditions, or exposed to other catabolic stimuli. From this perspective, we
recommend that HGS evaluation be integrated in the routine clinical evaluation of such
patients, as it is a useful, easy-to-use, inexpensive, and reliable tool to evaluate muscle
strength and physical function. Overall, our findings have the potential to improve the care
of COVID-19 survivors by helping to identify those who are at risk of long-term physical
impairment and who may benefit from additional support.

Author Contributions: Conceptualisation, C.C. and P.R.-Q.; methodology, C.C., L.D.F. and S.S.;
validation, R.D.L. and L.D.F.; formal analysis, C.C. and L.D.F.; investigation, R.D.L., A.M. and S.S.;
resources, C.C. and P.R.-Q.; data curation, S.S., L.D.F. and C.C.; writing—original draft preparation,
R.D.L. and L.D.F.; writing—review and editing, S.S., A.M., A.G., C.C. and P.R.-Q.; visualisation, C.C.;
supervision, C.C., A.G. and P.R.-Q.; project administration, C.C. and P.R.-Q.; funding acquisition,
P.R.-Q. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Ministero della Salute Ricerca Corrente, Ministero della
Salute COVID-2020-12371617, Fondazione Cariplo progetti 2020-5825 and 2021-4497.

Institutional Review Board Statement: The study protocol complied with the Declaration of Helsinki,
was approved by the IRCCS San Raffaele Hospital Ethics Committee (protocol no. 34/int/2020), and
was registered on ClinicalTrials.gov (NCT04318366).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Al-Aly, Z.; Xie, Y.; Bowe, B. High-dimensional characterization of post-acute sequelae of COVID-19. Nature 2021, 594, 259–264.

[CrossRef] [PubMed]
2. Nalbandian, A.; Sehgal, K.; Gupta, A.; Madhavan, M.V.; McGroder, C.; Stevens, J.S.; Cook, J.R.; Nordvig, A.S.; Shalev, D.;

Sehrawat, T.S.; et al. Post-acute COVID-19 syndrome. Nat. Med. 2021, 27, 601–615. [CrossRef]
3. Malik, P.; Patel, K.; Pinto, C.; Jaiswal, R.; Tirupathi, R.; Pillai, S.; Patel, U. Post-acute COVID-19 syndrome (PCS) and health-related

quality of life (HRQoL)—A systematic review and meta-analysis. J. Med. Virol. 2022, 94, 253–262. [CrossRef] [PubMed]
4. Taquet, M.; Dercon, Q.; Luciano, S.; Geddes, J.R.; Husain, M.; Harrison, P.J. Incidence, co-occurrence, and evolution of long-COVID

features: A 6-month retrospective cohort study of 273,618 survivors of COVID-19. PLoS Med. 2021, 18, e1003773. [CrossRef]
[PubMed]

5. Zeng, N.; Zhao, Y.-M.; Yan, W.; Li, C.; Lu, Q.-D.; Liu, L.; Ni, S.-Y.; Mei, H.; Yuan, K.; Shi, L.; et al. A systematic review and
meta-analysis of long term physical and mental sequelae of COVID-19 pandemic: Call for research priority and action. Mol.
Psychiatry 2023, 28, 423–433. [CrossRef]

ClinicalTrials.gov
https://doi.org/10.1038/s41586-021-03553-9
https://www.ncbi.nlm.nih.gov/pubmed/33887749
https://doi.org/10.1038/s41591-021-01283-z
https://doi.org/10.1002/jmv.27309
https://www.ncbi.nlm.nih.gov/pubmed/34463956
https://doi.org/10.1371/journal.pmed.1003773
https://www.ncbi.nlm.nih.gov/pubmed/34582441
https://doi.org/10.1038/s41380-022-01614-7


Nutrients 2023, 15, 4474 14 of 16

6. Kelly, J.D.; Curteis, T.; Rawal, A.; Murton, M.; Clark, L.J.; Jafry, Z.; Shah-Gupta, R.; Berry, M.; Espinueva, A.; Chen, L.; et al.
SARS-CoV-2 post-acute sequelae in previously hospitalised patients: Systematic literature review and meta-analysis. Eur. Respir.
Rev. 2023, 32, 220254. [CrossRef]

7. Yuan, N.; Lv, Z.-H.; Sun, C.-R.; Wen, Y.-Y.; Tao, T.-Y.; Qian, D.; Tao, F.-P.; Yu, J.-H. Post-acute COVID-19 symptom risk in
hospitalized and non-hospitalized COVID-19 survivors: A systematic review and meta-analysis. Front. Public Health 2023, 11,
1112383. [CrossRef] [PubMed]

8. Astin, R.; Banerjee, A.; Baker, M.R.; Dani, M.; Ford, E.; Hull, J.H.; Lim, P.B.; McNarry, M.; Morten, K.; O’Sullivan, O.; et al. Long
COVID: Mechanisms, risk factors and recovery. Exp. Physiol. 2023, 108, 12–27. [CrossRef]

9. Notarte, K.I.; de Oliveira, M.H.S.; Peligro, P.J.; Velasco, J.V.; Macaranas, I.; Ver, A.T.; Pangilinan, F.C.; Pastrana, A.; Goldrich, N.;
Kavteladze, D.; et al. Age, Sex and Previous Comorbidities as Risk Factors Not Associated with SARS-CoV-2 Infection for Long
COVID-19: A Systematic Review and Meta-Analysis. J. Clin. Med. 2022, 11, 7314. [CrossRef]

10. Tsampasian, V.; Elghazaly, H.; Chattopadhyay, R.; Debski, M.; Naing, T.K.P.; Garg, P.; Clark, A.; Ntatsaki, E.; Vassiliou, V.S. Risk
Factors Associated With Post−COVID-19 Condition: A Systematic Review and Meta-analysis. JAMA Intern. Med. 2023, 183,
566–580. [CrossRef]

11. Allard, L.; Ouedraogo, E.; Molleville, J.; Bihan, H.; Giroux-Leprieur, B.; Sutton, A.; Baudry, C.; Josse, C.; Didier, M.; Deutsch, D.;
et al. Malnutrition: Percentage and Association with Prognosis in Patients Hospitalized for Coronavirus Disease 2019. Nutrients
2020, 12, 3679. [CrossRef] [PubMed]

12. Bedock, D.; Lassen, P.B.; Mathian, A.; Moreau, P.; Couffignal, J.; Ciangura, C.; Poitou-Bernert, C.; Jeannin, A.-C.; Mosbah, H.;
Fadlallah, J.; et al. Prevalence and severity of malnutrition in hospitalized COVID-19 patients. Clin. Nutr. ESPEN 2020, 40,
214–219. [CrossRef] [PubMed]

13. Di Filippo, L.; De Lorenzo, R.; D’Amico, M.; Sofia, V.; Roveri, L.; Mele, R.; Saibene, A.; Rovere-Querini, P.; Conte, C. COVID-19 is
associated with clinically significant weight loss and risk of malnutrition, independent of hospitalisation: A post-hoc analysis of a
prospective cohort study. Clin. Nutr. 2021, 40, 2420–2426. [CrossRef] [PubMed]

14. Li, T.; Zhang, Y.; Gong, C.; Wang, J.; Liu, B.; Shi, L.; Duan, J. Prevalence of malnutrition and analysis of related factors in elderly
patients with COVID-19 in Wuhan, China. Eur. J. Clin. Nutr. 2020, 74, 871–875. [CrossRef]

15. Pironi, L.; Sasdelli, A.S.; Ravaioli, F.; Baracco, B.; Battaiola, C.; Bocedi, G.; Brodosi, L.; Leoni, L.; Mari, G.A.; Musio, A. Malnutrition
and nutritional therapy in patients with SARS-CoV-2 disease. Clin. Nutr. 2021, 40, 1330–1337. [CrossRef]

16. Anker, M.S.; Landmesser, U.; von Haehling, S.; Butler, J.; Coats, A.J.S.; Anker, S.D. Weight loss, malnutrition, and cachexia in
COVID-19: Facts and numbers. J. Cachexia Sarcopenia Muscle 2021, 12, 9–13. [CrossRef]

17. Di Filippo, L.; De Lorenzo, R.; Cinel, E.; Falbo, E.; Ferrante, M.; Cilla, M.; Martinenghi, S.; Vitali, G.; Bosi, E.; Giustina, A.; et al.
Weight trajectories and abdominal adiposity in COVID-19 survivors with overweight/obesity. Int. J. Obes. 2021, 45, 1986–1994.
[CrossRef]

18. Donini, L.M.; Busetto, L.; Bischoff, S.C.; Cederholm, T.; Ballesteros-Pomar, M.D.; Batsis, J.A.; Bauer, J.M.; Boirie, Y.; Cruz-Jentoft,
A.J.; Dicker, D.; et al. Definition and diagnostic criteria for sarcopenic obesity: ESPEN and EASO consensus statement. Clin. Nutr.
2022, 41, 990–1000. [CrossRef]

19. van Gassel, R.J.J.; Bels, J.; Remij, L.M.; van Bussel, B.C.T.; Posthuma, R.; Gietema, H.A.; Verbunt, J.; van der Horst, I.C.C.; Damink,
S.W.M.O.; van Santen, S.; et al. Functional Outcomes and Their Association with Physical Performance in Mechanically Ventilated
Coronavirus Disease 2019 Survivors at 3 Months Following Hospital Discharge: A Cohort Study. Crit. Care Med. 2021, 49,
1726–1738. [CrossRef]

20. Townsend, L.; Dowds, J.; O’brien, K.; Sheill, G.; Dyer, A.H.; O’kelly, B.; Hynes, J.P.; Mooney, A.; Dunne, J.; Ni Cheallaigh, C.; et al.
Persistent Poor Health after COVID-19 Is Not Associated with Respiratory Complications or Initial Disease Severity. Ann. Am.
Thorac. Soc. 2021, 18, 997–1003. [CrossRef] [PubMed]

21. Daher, A.; Balfanz, P.; Cornelissen, C.; Müller, A.; Bergs, I.; Marx, N.; Müller-Wieland, D.; Hartmann, B.; Dreher, M.; Müller, T.
Follow up of patients with severe coronavirus disease 2019 (COVID-19): Pulmonary and extrapulmonary disease sequelae. Respir.
Med. 2020, 174, 106197. [CrossRef] [PubMed]

22. Baricich, A.; Borg, M.B.; Cuneo, D.; Cadario, E.; Azzolina, D.; Balbo, P.E.; Bellan, M.; Zeppegno, P.; Pirisi, M.; Cisari, C.; et al.
Midterm functional sequelae and implications in rehabilitation after COVID-19: A cross-sectional study. Eur. J. Phys. Rehabil. Med.
2021, 57, 199–207. [CrossRef]

23. Bellan, M.; Soddu, D.; Balbo, P.E.; Baricich, A.; Zeppegno, P.; Avanzi, G.C.; Baldon, G.; Bartolomei, G.; Battaglia, M.; Battistini, S.;
et al. Respiratory and Psychophysical Sequelae among Patients with COVID-19 Four Months after Hospital Discharge. JAMA
Netw. Open 2021, 4, e2036142. [CrossRef] [PubMed]

24. Lee, S.H.; Gong, H.S. Measurement and Interpretation of Handgrip Strength for Research on Sarcopenia and Osteoporosis. J. Bone
Metab. 2020, 27, 85–96. [CrossRef]

25. Bohannon, R.W. Muscle strength: Clinical and prognostic value of hand-grip dynamometry. Curr. Opin. Clin. Nutr. Metab. Care
2015, 18, 465–470. [CrossRef]

26. Soysal, P.; Hurst, C.; Demurtas, J.; Firth, J.; Howden, R.; Yang, L.; Tully, M.A.; Koyanagi, A.; Ilie, P.C.; López-Sánchez, G.F.; et al.
Handgrip strength and health outcomes: Umbrella review of systematic reviews with meta-analyses of observational studies. J.
Sport Health Sci. 2021, 10, 290–295. [CrossRef] [PubMed]

https://doi.org/10.1183/16000617.0254-2022
https://doi.org/10.3389/fpubh.2023.1112383
https://www.ncbi.nlm.nih.gov/pubmed/36875356
https://doi.org/10.1113/EP090802
https://doi.org/10.3390/jcm11247314
https://doi.org/10.1001/jamainternmed.2023.0750
https://doi.org/10.3390/nu12123679
https://www.ncbi.nlm.nih.gov/pubmed/33260603
https://doi.org/10.1016/j.clnesp.2020.09.018
https://www.ncbi.nlm.nih.gov/pubmed/33183539
https://doi.org/10.1016/j.clnu.2020.10.043
https://www.ncbi.nlm.nih.gov/pubmed/33160700
https://doi.org/10.1038/s41430-020-0642-3
https://doi.org/10.1016/j.clnu.2020.08.021
https://doi.org/10.1002/jcsm.12674
https://doi.org/10.1038/s41366-021-00861-y
https://doi.org/10.1016/j.clnu.2021.11.014
https://doi.org/10.1097/CCM.0000000000005089
https://doi.org/10.1513/AnnalsATS.202009-1175OC
https://www.ncbi.nlm.nih.gov/pubmed/33413026
https://doi.org/10.1016/j.rmed.2020.106197
https://www.ncbi.nlm.nih.gov/pubmed/33120193
https://doi.org/10.23736/S1973-9087.21.06699-5
https://doi.org/10.1001/jamanetworkopen.2020.36142
https://www.ncbi.nlm.nih.gov/pubmed/33502487
https://doi.org/10.11005/jbm.2020.27.2.85
https://doi.org/10.1097/MCO.0000000000000202
https://doi.org/10.1016/j.jshs.2020.06.009
https://www.ncbi.nlm.nih.gov/pubmed/32565244


Nutrients 2023, 15, 4474 15 of 16

27. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyère, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Sayer, A.A.; et al.
Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31. [CrossRef]

28. Del Brutto, O.H.; Mera, R.M.; Pérez, P.; Recalde, B.Y.; Costa, A.F.; Sedler, M.J. Hand grip strength before and after SARS-CoV-2
infection in community-dwelling older adults. J. Am. Geriatr. Soc. 2021, 69, 2722–2731. [CrossRef]

29. de Blasio, F.; Scalfi, L.; Castellucci, B.; Sacco, A.M.; Berlingieri, G.M.; Capitelli, L.; Alicante, P.; Sanduzzi, A.; Bocchino, M. Poor
Nutritional Status and Dynapenia Are Highly Prevalent in Post-Acute COVID-19. Front. Nutr. 2022, 9, 888485. [CrossRef]

30. Battistella, L.R.; Imamura, M.; De Pretto, L.R.; A A Van Cauwenbergh, S.K.H.; Ramos, V.D.; Uchiyama, S.S.T.; Matheus, D.; Kuhn,
F.; de Oliveira, A.A.A.; Naves, G.S.; et al. Long-term functioning status of COVID-19 survivors: A prospective observational
evaluation of a cohort of patients surviving hospitalisation. BMJ Open 2022, 12, e057246. [CrossRef] [PubMed]

31. Querini, P.R.; De Lorenzo, R.; Conte, C.; Brioni, E.; Lanzani, C.; Yacoub, M.R.; Chionna, R.; Martinenghi, S.; Vitali, G.; Tresoldi, M.;
et al. Post-COVID-19 follow-up clinic: Depicting chronicity of a new disease. Acta Biomed. 2020, 91, 22–28. [CrossRef]

32. Rovere-Querini, P.; Tresoldi, C.; Conte, C.; Ruggeri, A.; Ghezzi, S.; DE Lorenzo, R.; DI Filippo, L.; Farina, N.; Ramirez, G.A.; Ripa,
M.; et al. Biobanking for COVID-19 research. Panminerva Med. 2022, 64, 244–252. [CrossRef]

33. Kaiser, M.J.; Bauer, J.M.; Ramsch, C.; Uter, W.; Guigoz, Y.; Cederholm, T.; Thomas, D.R.; Anthony, P.; Charlton, K.E.; Maggio, M.;
et al. Validation of the Mini Nutritional Assessment Short-Form (MNA®-SF): A practical tool for identification of nutritional
status. J. Nutr. Health Aging 2009, 13, 782–788. [CrossRef] [PubMed]

34. Landi, F.; Calvani, R.; Martone, A.M.; Salini, S.; Zazzara, M.B.; Candeloro, M.; Coelho-Junior, H.J.; Tosato, M.; Picca, A.; Marzetti,
E. Normative values of muscle strength across ages in a ‘real world’ population: Results from the longevity check-up 7+ project. J.
Cachexia Sarcopenia Muscle 2020, 11, 1562–1569. [CrossRef] [PubMed]

35. ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories; American Thoracic Society. ATS
statement: Guidelines for the six-minute walk test. Am. J. Respir. Crit. Care Med. 2002, 166, 111–117. [CrossRef]

36. Casanova, C.; Celli, B.R.; Barria, P.; Casas, A.; Cote, C.; de Torres, J.P.; Jardim, J.; Lopez, M.V.; Marin, J.M.; de Oca, M.M.; et al. The
6-min walk distance in healthy subjects: Reference standards from seven countries. Eur. Respir. J. 2011, 37, 150–156. [CrossRef]

37. Reis, D.O.; Oliveira, P.; Gomes, J.; Lima, R.; Guimarães, M.; Ladeira, I. Applying reference equations for 6-minute walking test in
COPD and ILD patients. Eur. Respir. J. 2020, 56 (Suppl. 64), 540. [CrossRef]

38. EuroQol Research Foundation. EQ-5D. Available online: https://euroqol.org/ (accessed on 26 December 2021).
39. De Lorenzo, R.; Magnaghi, C.; Cinel, E.; Vitali, G.; Martinenghi, S.; Mazza, M.G.; Nocera, L.; Cilla, M.; Damanti, S.; Compagnone,

N.; et al. A Nomogram-Based Model to Predict Respiratory Dysfunction at 6 Months in Non-Critical COVID-19 Survivors. Front.
Med. 2022, 9, 781410. [CrossRef]

40. Tanguay, P.; Décary, S.; Lemaire-Paquette, S.; Léonard, G.; Piché, A.; Dubois, M.-F.; Kairy, D.; Bravo, G.; Corriveau, H.; Marquis,
N.; et al. Trajectories of health-related quality of life and their predictors in adult COVID-19 survivors: A longitudinal analysis of
the Biobanque Québécoise de la COVID-19 (BQC-19). Qual. Life Res. 2023, 32, 2707–2717. [CrossRef]

41. Steinmetz, A.; Gross, S.; Lehnert, K.; Lücker, P.; Friedrich, N.; Nauck, M.; Bahlmann, S.; Fielitz, J.; Dörr, M. Longitudinal Clinical
Features of Post-COVID-19 Patients—Symptoms, Fatigue and Physical Function at 3- and 6-Month Follow-Up. J. Clin. Med. 2023,
12, 3966. [CrossRef]

42. Leong, D.P.; Teo, K.K.; Rangarajan, S.; Lopez-Jaramillo, P.; Avezum, A., Jr.; Orlandini, A.; Seron, P.; Ahmed, S.H.; Rosengren, A.;
Kelishadi, R.; et al. Prognostic value of grip strength: Findings from the Prospective Urban Rural Epidemiology (PURE) study.
Lancet 2015, 386, 266–273. [CrossRef] [PubMed]

43. Celis-Morales, C.A.; Welsh, P.; Lyall, D.M.; Steell, L.; Petermann, F.; Anderson, J.; Iliodromiti, S.; Sillars, A.; Graham, N.; Mackay,
D.F.; et al. Associations of grip strength with cardiovascular, respiratory, and cancer outcomes and all cause mortality: Prospective
cohort study of half a million UK Biobank participants. BMJ 2018, 361, k1651. [CrossRef] [PubMed]

44. A Karvonen-Gutierrez, C.; Peng, Q.; Peterson, M.; Duchowny, K.; Nan, B.; Harlow, S. Low grip strength predicts incident diabetes
among mid-life women: The Michigan Study of Women’s Health Across the Nation. Age Ageing 2018, 47, 685–691. [CrossRef]
[PubMed]

45. Kim, G.R.; Sun, J.; Han, M.; Park, S.; Nam, C.M. Impact of handgrip strength on cardiovascular, cancer and all-cause mortality in
the Korean longitudinal study of ageing. BMJ Open 2019, 9, e027019. [CrossRef]

46. Cheung, C.-L.; Tan, K.C.B.; Bow, C.H.; Soong, C.S.S.; Loong, C.H.N.; Kung, A.W.-C. Low handgrip strength is a predictor
of osteoporotic fractures: Cross-sectional and prospective evidence from the Hong Kong Osteoporosis Study. AGE 2012, 34,
1239–1248. [CrossRef]

47. Yang, L.; Koyanagi, A.; Smith, L.; Hu, L.; Colditz, G.A.; Toriola, A.T.; Sánchez, G.F.L.; Vancampfort, D.; Hamer, M.; Stubbs, B.;
et al. Hand grip strength and cognitive function among elderly cancer survivors. PLoS ONE 2018, 13, e0197909. [CrossRef]

48. Smith, L.; White, S.; Stubbs, B.; Hu, L.; Veronese, N.; Vancampfort, D.; Hamer, M.; Gardner, B.; Yang, L. Depressive symptoms,
handgrip strength, and weight status in US older adults. J. Affect. Disord. 2018, 238, 305–310. [CrossRef]

49. Feng, X.; Liu, Z.; He, X.; Wang, X.; Yuan, C.; Huang, L.; Song, R.; Wu, Y. Risk of Malnutrition in Hospitalized COVID-19 Patients:
A Systematic Review and Meta-Analysis. Nutrients 2022, 14, 5267. [CrossRef]

50. Bradbury, J.; Wilkinson, S.; Schloss, J. Nutritional Support During Long COVID: A Systematic Scoping Review. J. Integr.
Complement. Med. 2023. [CrossRef]

51. Detopoulou, P.; Tsouma, C.M.; Papamikos, V.M. COVID-19 and Nutrition: Summary of Official Recommendations. Top. Clin.
Nutr. 2022, 37, 187–202. [CrossRef]

https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1111/jgs.17335
https://doi.org/10.3389/fnut.2022.888485
https://doi.org/10.1136/bmjopen-2021-057246
https://www.ncbi.nlm.nih.gov/pubmed/35896292
https://doi.org/10.23750/abm.v91i9-s.10146
https://doi.org/10.23736/S0031-0808.20.04168-3
https://doi.org/10.1007/s12603-009-0214-7
https://www.ncbi.nlm.nih.gov/pubmed/19812868
https://doi.org/10.1002/jcsm.12610
https://www.ncbi.nlm.nih.gov/pubmed/33147374
https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1183/09031936.00194909
https://doi.org/10.1183/13993003.congress-2020.540
https://euroqol.org/
https://doi.org/10.3389/fmed.2022.781410
https://doi.org/10.1007/s11136-023-03406-0
https://doi.org/10.3390/jcm12123966
https://doi.org/10.1016/S0140-6736(14)62000-6
https://www.ncbi.nlm.nih.gov/pubmed/25982160
https://doi.org/10.1136/bmj.k1651
https://www.ncbi.nlm.nih.gov/pubmed/29739772
https://doi.org/10.1093/ageing/afy067
https://www.ncbi.nlm.nih.gov/pubmed/29726885
https://doi.org/10.1136/bmjopen-2018-027019
https://doi.org/10.1007/s11357-011-9297-2
https://doi.org/10.1371/journal.pone.0197909
https://doi.org/10.1016/j.jad.2018.06.016
https://doi.org/10.3390/nu14245267
https://doi.org/10.1089/jicm.2022.0821
https://doi.org/10.1097/TIN.0000000000000286


Nutrients 2023, 15, 4474 16 of 16

52. van Zwienen-Pot, J.I.; Reinders, I.; de Groot, L.C.P.G.M.; Beck, A.M.; Feldblum, I.; Jobse, I.; Neelemaat, F.; de van der Schueren,
M.A.E.; Shahar, D.R.; Smeets, E.T.H.C.; et al. Effects of Nutritional Interventions in Older Adults with Malnutrition or at Risk
of Malnutrition on Muscle Strength and Mortality: Results of Pooled Analyses of Individual Participant Data from Nine RCTs.
Nutrients 2023, 15, 2025. [CrossRef] [PubMed]

53. Fernández-Lázaro, D.; Santamaría, G.; Sánchez-Serrano, N.; Caeiro, E.L.; Seco-Calvo, J. Efficacy of Therapeutic Exercise in
Reversing Decreased Strength, Impaired Respiratory Function, Decreased Physical Fitness, and Decreased Quality of Life Caused
by the Post-COVID-19 Syndrome. Viruses 2022, 14, 2797. [CrossRef] [PubMed]

54. Tamburlani, M.; Cuscito, R.; Servadio, A.; Galeoto, G. Effectiveness of Respiratory Rehabilitation in COVID-19′s Post-Acute
Phase: A Systematic Review. Healthcare 2023, 11, 1071. [CrossRef]

55. Pouliopoulou, D.V.; Macdermid, J.C.; Saunders, E.; Peters, S.; Brunton, L.; Miller, E.; Quinn, K.L.; Pereira, T.V.; Bobos, P.
Rehabilitation Interventions for Physical Capacity and Quality of Life in Adults With Post-COVID-19 Condition: A Systematic
Review and Meta-Analysis. JAMA Netw. Open 2023, 6, e2333838. [CrossRef] [PubMed]

56. Wang, C.-Y.; Chen, Y.-C.; Wang, C.-H. Early Rehabilitation in Acute Care Inpatient Wards May Be Crucial to Functional Recovery
3 Months After Ischemic Stroke. Phys. Ther. 2021, 101, pzaa197. [CrossRef]

57. Ward, A.; Gutenbrunner, C.; Damjan, H.; Giustini, A.; Delarque, A. European union of medical specialists (UEMS) section of
Physical & Rehabilitation Medicine: A Position Paper on Physical and Rehabilitation Medicine in Acute Settings. J. Rehabil. Med.
2010, 42, 417–424. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/nu15092025
https://www.ncbi.nlm.nih.gov/pubmed/37432139
https://doi.org/10.3390/v14122797
https://www.ncbi.nlm.nih.gov/pubmed/36560801
https://doi.org/10.3390/healthcare11081071
https://doi.org/10.1001/jamanetworkopen.2023.33838
https://www.ncbi.nlm.nih.gov/pubmed/37725376
https://doi.org/10.1093/ptj/pzaa197
https://doi.org/10.2340/16501977-0565

	Introduction 
	Materials and Methods 
	Study Design 
	Data Collection 
	Statistical Analyses 

	Results 
	Participant Characteristics upon Admission and Disease Severity 
	Anthropometrics and Physical Evaluations during Follow-Up 
	Comparison between Participants with Normal and Low HGS 
	Comparison between Participants with and without HGS Improvement 
	Predictors of HGS Improvement 

	Discussion 
	Conclusions 
	References

