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Abstract  
Two valid tests have been used in patients with post-COVID-19 

syndrome due to their fast application, feasibility, and accessible 
procedures, facilitating data collection in large groups: the 1-minute 
sit-to-stand test (STS) and handgrip strength (HGS) dynamometry. 
The present study aimed to i) assess the STS and HGS in men and 
women with post-COVID-19 syndrome who did not require inva-
sive ventilator support; ii) correlate STS repetitions and HGS with 
time since the COVID-19 diagnosis. 622 men and women with 
post-COVID-19 syndrome who did not require invasive ventilatory 
support performed the STS and HGS tests at the beginning of the 
rehabilitation process at a Reference Hospital Center. Women over 
55 years presented significantly lower results compared to partici-
pants under 55 years. For the HGS, the median ranged from 42 to 
48 kg and 70 to 81 kg for the female and male groups, respectively. 
The correlations of time since COVID-19 diagnosis with STS and 
HGS ranged from -0.16 to 0.02 (p>0.05) for women and men, 
respectively. The test results could be used for the initial analysis of 
normality ranges and comparisons with other populations. Although 
STS repetitions and HGS presented low and non-significant corre-
lations with time since the COVID-19 diagnosis, some COVID-19 
sequelae were not measured, so these data should be interpreted 
with caution. 

 
 

Introduction 
COVID-19 is a systemic infection that causes acute respirato-

ry syndrome and dysfunction in several organs [1]. Up until 
November 2022, more than 635 million people had been diag-
nosed with COVID-19, and an additional 6.6 million had died 
from this infection [2]. In addition to the physiological conse-
quences, a high prevalence of physical performance impairment 
has been reported in COVID-19 survivors [3,4]. The terms ‘long 
COVID’ or ‘post-COVID’ are commonly used to describe an array 
of signs and symptoms that are present after acute COVID-19 [5]. 
The UK’s National Institute for Health and Care Excellence 
described long COVID-19 as “ongoing symptomatic COVID-19” 
(symptoms between 4 and 12 weeks) and “post-COVID-19 syn-
drome” as symptoms lasting longer than 12 weeks [6]. COVID-19 
survivors (without hospitalization) have reported post-COVID 
syndrome, and the most frequent alterations found are headache, 
balance and coordination disorders, attention difficulty, insomnia, 
changes in taste and smell, depression, anxiety, physical and nutri-
tional dysfunctions [5], executive function problems, and anxi-
ety/depression [7]. 

In addition, several musculoskeletal alterations, such as myal-

Sit-to-stand test and handgrip strength in men and women with  
post-COVID-19 syndrome without invasive ventilator support:  
insights from a Brazilian observational study 
 
Frederico Ribeiro Neto, Juliane Machado Marques, Matheus Brasiliano da Paz, Eduardo Boiteux Uchôa Cavalcanti, 
Rodrigo Rodrigues Gomes Costa 
 
SARAH Network of Rehabilitation Hospitals, Brasilia, Brazil

Correspondence: Frederico Ribeiro Neto, Paralympic Sports Program, 
SARAH Rehabilitation Hospital Network, SQN 416 BL K Ap 106, 
Brasilia, Brazil.  
Tel.: 55 61 99184-1550. 
E-mail: fredribeironeto@gmail.com 
 
Key words: physical fitness, muscle strength, muscle strength 
dynamometer, task performance and analysis, rehabilitation. 
  
Contributions: FRN, JMM, RRGC, study conception, design, and 
methodology; FRN, JMM, MBP, data collection; FRN, data analysis 
and interpretation; FRN, JMM, manuscript writing (first draft); FRN, 
JMM, RRGC, MBP, EUC, editing and critical review of the manu-
script. All the authors have read and approved the final version of the 
manuscript and agreed to be accountable for all aspects of the work. 
  
Conflict of interest: the authors certify that no party has a direct inter-
est in the results of the research supporting this article or has or will 
confer a benefit on them or on any organization with which they are 
associated. 
  
Ethics approval and consent to participate: the study was approved by 
the institutional ethics committee (protocol n. 5.123.622). 
  
Informed consent: all participants provided written informed consent. 
  
Funding: none. 
  
Availability of data and materials: data can be provided upon reason-
able request. 
  
Acknowledgments: the authors are grateful to the Physical Education 
staff of the SARAH Network of Rehabilitation Hospitals. 
 
Received: 28 November 2022. 
Accepted: 4 September 2023. 
Early view: 15 September 2023. 
 
Publisher’s note: all claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated organi-
zations, or those of the publisher, the editors and the reviewers. Any prod-
uct that may be evaluated in this article or claim that may be made by its 
manufacturer is not guaranteed or endorsed by the publisher. 
 

©Copyright: the Author(s), 2023 
Licensee PAGEPress, Italy 
Monaldi Archives for Chest Disease 2024; 94:2495 
doi: 10.4081/monaldi.2023.2495 
 
This article is distributed under the terms of the Creative Commons 
Attribution-NonCommercial International License (CC BY-NC 4.0) 
which permits any noncommercial use, distribution, and reproduction in 
any medium, provided the original author(s) and source are credited.

Non
-co

mmerc
ial

 us
e o

nly



[page 386]                                                   [Monaldi Archives for Chest Disease 2024; 94:2495]                               

gia, arthralgia, and muscle fatigue, were also reported as sequelae 
after COVID-19 [8,9]. These symptoms are important since muscle 
strength is an indicator of muscle function, essential for health 
[10,11], and is a robust predictor of various diseases and mortality 
[10,12]. Likewise, cardiovascular capacity is associated with 
improved physical performance and functional capacity and reduced 
cardiac risks [13,14], and cardiopulmonary changes were reported 
after COVID-19 [15]. Overall, the impact of post-COVID-19 syn-
drome should be considered as the potential cause of a delayed pan-
demic that may have a major public health impact in the medium to 
long term [5]. Even after the pandemic, the involvement of specific 
health professionals is needed in order to manage and care for an 
increased number of patients. Thus, evaluating muscle strength and 
functional and cardiorespiratory capacity in post-COVID-19 syn-
drome patients is important to estimate functional implications, 
impairments, and desaturation on exertion [16,17]. 

Among the strength and functional capacity assessments, two 
validated tests have been used in post-COVID-19 syndrome 
patients as they are fast, feasible, and accessible procedures, facil-
itating data collection in large groups: the 1-minute sit-to-stand test 
(STS) [18,19] and handgrip strength (HGS) dynamometry [20,21]. 
The STS has been used, among other analyses, to measure oxygen 
desaturation evaluation [3,18], telerehabilitation outcomes [22], 
and after hospitalization [23]. Recent studies have related HGS to 

injury severity [24] and a lower risk of hospitalization [25], in 
addition to being used in longitudinal studies to assess intervention 
outcomes [20]. 

These tests have been frequently performed and used for dif-
ferent outcome analyses in post-COVID-19 syndrome patients. 
However, the values of these tests in such patients are not known, 
which limits our ability to determine expected ranges and make 
comparisons with other populations. Additionally, the sequelae of 
COVID-19 differ visibly between patients who did or did not 
require invasive ventilatory support, which affects the homogene-
ity of values for comparisons. [26,27]. Therefore, considering that 
most post-COVID-19 syndrome individuals did not require inva-
sive ventilator support [26,28] the present study aimed to evaluate 
the STS and handgrip tests in men and women with this diagnosis. 
A second objective was to correlate the time since the COVID-19 
diagnosis with STS repetitions and HGS. We hypothesized that i) 
values of STS and HGS would be determined for male and female 
post-COVID-19 syndrome patients who did not require critical 
care and, ii) STS repetitions and HGS would correlate positively 
and significantly with time since the COVID-19 diagnosis. 

 
 

Materials and Methods 
Participants 

This retrospective observational study included 622 men and 
women with post-COVID-19 syndrome who did not require inva-
sive ventilator support and participated in outpatient rehabilitation at 
a Network Center of Rehabilitation Hospitals (Table 1). Data were 
collected from April 2021 to June 2022. The study was approved by 
the institutional ethics committee, and all participants provided writ-
ten informed consent. 

Inclusion criteria were: i) previously confirmed SARS-CoV-2 
polymerase chain reaction with symptoms of post-COVID-19 syn-
drome, such as general fatigue, respiratory fatigue, and muscle or 
joint pain that are not explained by alternative diagnoses [2,29]; ii) 
adult individuals (from 18 years old) of both sexes. Participants were 
excluded if they: i) used invasive ventilator support for COVID-19 
recovery; ii) presented upper or lower limb injury or disabling pain 
that could hamper test performance; iii) used orthosis or prosthesis, 
and 4) presented medical records with incomplete data or with reg-
istration errors (Figure 1). 

 
Procedures 

Men and women with post-COVID-19 syndrome who did not 
require ventilator support performed the STS and HGS tests at the 
beginning of the rehabilitation process at a Network Center of 
Rehabilitation Hospitals. 

                 Article

Table 1. Group demographics. All variables are exhibited as median (percentiles 25 and 75). 

n                                                                                 Total                                        Female                                        Male 
                                                                                    622                                            477                                            145 

Age (years)                                                                 49.0         (41.0-57.3)                       48.0*        (41.0-57.0)                        52.0         (43.0-59.0) 
Body mass (kg)                                                          74.4         (64.4-87.0)                       70.8*        (62.5-82.2)                        86.1         (73.4-95.2) 
Height (cm)                                                               162.0      (157.0-169.0)                    160.0*     (155.5-164.5)                     173.0      (168.3-177.9) 
Body mass index (kg/m2)                                          28.2         (24.8-32.0)                        27.9         (24.5-31.8)                        28.4         (24.9-31.5) 
Time since COVID-19 diagnostic (months)              8.4            (4.9-12.1)                          8.3            (4.9-12.0)                          8.9            (5.2-12.4) 
*Significant difference with the male group (p≤0.05).

Figure 1. Flow diagram detailing the sample recruitment process. 
STS, 1-minute sit-to-stand test; HGS, handgrip strength.
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1-minute sit-to-stand test 

The test was performed using a chair of standard height (46 cm) 
without armrests, positioned against a wall. The participants were 
not allowed to use their hands/arms to push the seat of the chair or 
their body (arms crossed over the chest). The evaluator explained the 
test execution technique and instructed the participants to complete 
as many sit-to-stand cycles (repetitions, reps) as possible in 60 sec-
onds at a self-paced speed. Before the test, one repetition was per-
formed for familiarization and possible corrections. The participants 
started the test sitting, with their back to the chair, and were required 
to stand up until full extension of hips and knees and sit down until 
touching their hip on the chair. The evaluator counted each complete 
movement cycle (sitting, standing, and returning to the sitting posi-
tion) aloud and informed the participant when 10 seconds were 
remaining. No verbal stimulus or encouragement was given during 
the test, but reminders were provided to stand up fully [30]. 

 
Handgrip strength assessment 

HGS was measured using a hand dynamometer (Saehan 
Corporation, Bupyeong, South Korea) with participants seated, 
shoulder adducted, elbow flexed to 90°, wrist in a neutral position, 
and the medial phalanges of the hand resting on the dynamometer 
handle. Participants then exerted maximum HGS three times for 
each hand, alternately between hands, and rested for 1 minute 
between attempts. After each attempt, the participant was informed 
about the result to motivate them for the next effort. The final result 
was the sum of the highest measures for the left and right sides [31]. 

 
Main outcomes 

The total number of repetitions of the STS and the sum of the 
highest measures of the HGS (kgf) were the primary outcomes and 
were used to determine the values. The time since the COVID-19 
diagnosis was correlated with STS repetitions and HGS. 

 
Statistical analysis 

The Kolmogorov-Smirnov normality test was used to analyze 
data distribution. Descriptive data were expressed as median and 
interquartile ranges (25th and 75th percentiles) for the nonparametric 
outcomes, and the Mann-Whitney U test was used to compare 
groups (male and female). 

Percentile tables were constructed and classified as follows: 
poor (below the 10th percentile), fair (25th percentile), average (50th 

percentile), good (75th percentile), and excellent (above the 90th per-
centile). The Kruskal Wallis test with Mann-Whitney post-hoc test 
was used to compare the age range for male and female groups 
(under 45.0 years, 45.0 to 55 years, and over 55.0 years). Age strat-
ification into three groups was established a posteriori so that an 
effect size of 0.30, α of 5%, and power (1 - β) of 90% were achieved 
for group comparisons, considering the sample size of the smallest 
group (male, n=145). 

The Spearman’s test was applied to correlate the time since the 
COVID-19 diagnosis with STS repetitions and HGS. Correlation 
coefficient values were classified as very weak (below 0.20); weak 
(0.20 to 0.39); moderate (0.40 to 0.69); high (0.70 to 0.90); and very 
high (>0.90). 

The outlier labeling rule was used to detect outliers and discrep-
ancies. Outlier values were calculated by the difference between the 
25th and 75th percentiles, multiplied by a factor of 2.2. The result was 
then subtracted from the 25th percentile and added to the 75th per-
centile. 

The IBM SPSS Statistics package (version 22.0, New York, 
US), and G*Power statistical power analysis software (version 
3.1.9.2; Germany) were used. Statistical significance was set at 5% 
(p≤0.05; two-tailed). 

 
 

Results 
Sample characteristics 

The study analysis included 622 out of 647 participants (96.1%) 
who completed the STS and HGS. The sample consisted of 76.7% 
women and 50% of all participants presented ages ranging from 41.0 
to 57.3 years (percentiles 25 and 75). The female group presented 
significantly lower age (48.0 vs. 52.0 years), and height (160.0 cm 
vs. 173.0 cm) than the male group (Table 1 and Figure 1). 

 
Test results 

The STS and HGS results are shown in Table 2. The median rep-
etitions of STS for the female group ranged from 16 to 20. The 
female group “over 55 years” presented significantly lower repeti-
tions compared to the two groups under 55 years. There were no sig-
nificant differences in the STS repetitions between age stratifications 
of the male group (median ranging from 20 to 23 reps) (Table 2 and 
Figure 2A). For the HGS, both female groups under 55 years 
showed significantly higher strength compared to the “over 55.0 
years” group. The male “under 43 years” group presented signifi-
cantly higher strength compared to the two groups over 43 years. 
The median ranged from 42 to 48 kgf and 70 to 81 kgf for female 
and male groups, respectively (Table 2 and Figure 2B). 

 
Correlations 

The correlations of time since COVID-19 diagnosis with STS 
reps and HGS were not significant and classified as very weak for 
women and men (rho ranging from -0.16 to 0.02, p>0.05) (Table 3). 

 
 

Discussion 
The present study evaluated the STS reps and HGS in men and 

women with post-COVID-19 syndrome who did not require inva-
sive ventilator support. These values could be used for the initial 
analysis of normality ranges and comparisons with other popula-
tions. The main findings revealed higher performance for STS reps 
and HGS in men and women under 45 years old (no statistical dif-
ference for STS in the male group). In addition, very low and non-
significant correlations between time since the COVID-19 diagnosis 
with STS repetitions and HGS were verified. However, the severity 
of general fatigue, respiratory fatigue, and muscle or joint pain of the 
participants were not measured, so these data should be interpreted 
with caution. 

The present study demonstrated that the post-COVID-19 syn-
drome age groups presented less than 50% of the reps compared to 
healthy population-based reference values for females and males 
[32], as observed in Table 2 and Figure 2. However, the results of the 
healthy population [32] were also higher than patients on hemodial-
ysis (ranging from 17 to 26 reps) [33,34], with chronic obstructive 
pulmonary disease (ranging from 15 to 24 reps) [35-37], with stroke 
(10 reps) [38], with end-stage and palliative care (ranging from 17 to 
21 reps) [39,40], women with postmenopausal osteoporosis (26 
reps), older adults (35 and 27 reps for males and females, respective-
ly) [41], and healthy adults (ranging from 20 to 24 reps) [35,42,43]. 
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Regarding previous STS results with COVID-19 samples, studies 
with patients recovering from COVID-19 pneumonia (mean age of 
63 years, 21 reps) [18], use of oxygen (mean age of 74 years, 9 reps) 
[19], and with post-COVID-19 syndrome symptoms (mean age of 
62 years, 16 reps) demonstrated large variability in scores [22]. The 
heterogenicity of the results is dependent on age, sex, and COVID-
19 symptoms, and emphasizes the importance of the present results. 

The HGS is one of the simplest and most practical instrumented 
muscle strength assessments. In addition, the clinical importance of 
the HGS is also supported by its association with other concurrent 
clinical measures (i.e., nutritional, muscle mass, function, and health 
status) in middle-aged and older adults [44]. The present study pre-
sented HGS results for men and women with post-COVID-19 syn-
drome who did not require ventilator support. According to previous 
studies and preliminary analyses, people with some chronic condi-
tions have significantly lower grip strength compared with their 
healthy peers [45,46]. However, regarding previous HGS reference 
values, overall the present sample demonstrated similar HGS results 
compared to Brazilian (40 to 49 years and median HGS of 81.4 and 
52.3 kgf; Figure 2) [47], Canadian (45 to 49 years and median HGS 
of 48.1 and 28.3 kgf in the dominant hand) [48], Australian (40 to 49 
years and mean HGS of 92.0 and 57.0 kgf) [49], and Nigerian (40 to 
49 years and median HGS of 63.5 and 41.0 kgf) male and female 
healthy adults [50], respectively. 

                 Article

Table 2. Results of the 1-minute sit-to-stand test (STS) and handgrip strength (HGS) in male and female groups with post-COVID-19 syn-
drome, categorized by percentile ranking scores and age. The corresponding values for the healthy population are provided in parentheses 
for STS [32] and HGS [47]. 

                                                                n                     Poor                  Fair                Average              Good             Excellent 
                                                                                        P10                    P25                    P50                    P75                    P90 

1min-STS (rep) 
Female 
  Under 45 years*                                         177                    13 (26)                  16 (35)                  20 (41)                  23 (48)                  26 (65) 
  45.0 to 55.0 years*                                     160                    10 (25)                  14 (35)                  19 (41)                  22 (50)                  26 (63) 
  Over 55.0 years                                          143                    11 (23)                  14 (33)                  16 (39)                  20 (47)                  23 (60) 
Male 
  Under 45 years                                            43                     15 (25)                  20 (37)                  23 (45)                  27 (53)                  29 (69) 
  45.0 to 55.0 years                                        49                     15 (25)                  18 (35)                  21 (44)                  24 (52)                  28 (70) 
  Over 55.0 years                                           53                     15 (24)                  17 (35)                  20 (42)                  24 (53)                  29 (67) 

HGS (kgf) 
Female 
  Under 45 years*                                         177                    27 (39)                  40 (45)                  48 (52)                  56 (59)                  63 (67) 
  45.0 to 55.0 years*                                     160                    31 (32)                  38 (39)                  45 (45)                  54 (54)                  61 (59) 
  Over 55.0 years                                          143                    26 (30)                  35 (37)                  42 (42)                  49 (50)                  58 (57) 
Male 
  Under 45 years                                            43                     65 (54)                  72 (74)                  81 (81)                  94 (98)                102 (104) 
  45.0 to 55.0 years†                                      49                     55 (46)                  65 (68)                  76 (80)                  83 (90)                  92 (98) 
  Over 55.0 years†                                         53                     57 (44)                  63 (58)                  70 (70)                  80 (79)                  88 (90) 
STS, 1-minute sit-to-stand test; HGS, handgrip strength. *Significant difference with the “over 55 years” group (p≤0.05); †significant difference with the “under 45.0 years” 
group (p≤0.05).

Figure 2. Median comparisons (with 95% confidence intervals) of 
A) 1-minute sit-to-stand test (repetitions) and B) handgrip strength 
(kgf) between age ranges for female and male groups with post-
COVID-19 syndrome. Healthy population's median values for the 
1-minute sit-to-stand test [32] and handgrip strength [47] were rep-
resented by continuous lines and white circles for males, and dot-
ted lines and gray circles for females. *Significant difference with 
“over 54.0 years” group (p≤0.05); †Significant difference with the 
“under 45.0 years” group (p≤0.05).

Table 3. Correlation coefficients of time since COVID-19 diagno-
sis with the 1-minute sit-to-stand test and handgrip strength for 
male and female groups. 

Time since COVID-19 diagnosis 
                                                rho                       p 
Female 
  STS                                             -0.16                       0.68 
  HGS                                            -0.11                       0.89 
Male 
  STS                                             -0.03                       0.75 
  HGS                                            0.02                       0.50 
STS, 1-minute sit-to-stand test; HGS, handgrip strength.
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Considering other COVID-19 samples, the present study 
demonstrated higher HGS compared to patients in an intensive 
care unit with mechanical ventilation (55 to 67 years, median HGS 
of 8.0 and 0.0 kgf in the dominant hand for males and females, 
respectively) [33], and patients after the acute phase (mean age of 
69 years, mean HGS of 21.1 and 16.4 kgf in the dominant hand for 
male and female, respectively) [34]. However, studies with non-
hospitalized patients (mean age of 69 years, mean HGS of 34.5 kgf 
in the dominant hand) and non-severe hospitalized adults (40 to 49 
years, median HGS of 78.7 and 48.4 kgf for male and female, 
respectively) presented an HGS analogous with our sample 
[31,32]. 

In fact, very weak and no significant correlations were 
obtained for the time since COVID-19 diagnosis with STS and 
HGS for men and women. Probably, post-COVID-19 syndrome 
patients who did not require invasive ventilator support and hospi-
talization did not present a significant decline in functional per-
formance in the acute phase of the disease. A second possible rea-
son for the very weak correlations might be related to the hetero-
geneity of symptoms and sequelae of COVID-19 [35,36]. These 
findings are consistent with a recent study where the length of stay 
presented a weak correlation with STS with no statistical signifi-
cance. Although the present study assessed individuals who did not 
require ventilator support to increase the homogeneity of the sam-
ple and reduce confounders in the analysis of the results, the het-
erogeneity of the severity of each COVID-19 sequela and other 
interventions as physiotherapy were not controlled and might have 
interfered with the final correlation results. Conducting further 
studies to investigate the correlation between symptoms and inter-
ventions with STS and HGS scores may provide valuable insights 
into the relationship between these variables. 

 
Study limitations 

The first limitation of this study is the lack of control over non-
invasive ventilation or oxygenation strategies, the lack of knowledge 
of the severity of the disease, and the comorbidities of the patients in 
the sample. These factors introduce a potential source of variability 
in the study results, and these interventions can have a significant 
impact on patient outcomes. Although our study provides valuable 
information about STS in individuals with post-COVID-19 syn-
drome, caution should be exercised when interpreting the results 
reported, as fatigue and muscle strength measurements were not 
included. Therefore, the performance test correlations with time 
since the COVID-19 diagnosis might be underestimated if partici-
pants presented reduced complaints during assessments. Future 
studies that incorporate physical function tests, such as gait speed, 
balance, and functional mobility assessments, could provide a more 
comprehensive understanding of the functional status of individuals 
with post-COVID-19 syndrome. 

 
 

Conclusions 
The STS and HGS were evaluated in men and women with 

post-COVID-19 syndrome who did not require invasive ventilator 
support. These values could be used for the initial analysis of nor-
mality ranges and comparisons with other populations. The find-
ings also showed that there were weak and non-significant correla-
tions between the duration of COVID-19 diagnosis and the tests. It 
is important to note that the severity of general fatigue, respiratory 
fatigue, and muscle or joint pain experienced by the participants 
were not assessed, which could potentially impact the interpreta-

tion of the results. Therefore, caution should be exercised when 
interpreting these findings. The established results for post-
COVID-19 syndrome contribute to preventive interventional 
approaches, mitigating social impact as an integral part of the 
response to the pandemic. 
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