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ABSTRACT 

Background: The pandemic spread of SARS-CoV-2 has led to an unprecedented 

outbreak of viral pneumonia. Despite the current focus of worldwide research being the 

characterization of post-COVID-19 sequelae, the level of functional impact that this 

disease causes in the elderly who have presented moderate, severe or critical 

manifestations is still unknown. Objective: To identify the main consequences/sequelae 

on functional respiratory capacity in the elderly after CoViD-19. Methodology: A cross-

sectional study was carried out in the community. Functional aerobic capacity (2min step 

test), dyspnea perception (modified Medical Research Council Dyspnea Questionnaire), 

respiratory and peripheral muscle strength (maximum inspiratory and expiratory 

pressure, grip strength) and the Frailty Index (Clinical Fragility Scale) were assessed in 

25 community-dwelling individuals aged ≥65 years, who have had a diagnosis of CoViD-

19 for up to 6 months, and in an equal number of elderly people with the same 

characteristics without a known diagnosis of CoViD-19. Results: The elderly with a 

diagnosis of CoViD-19 up to 6 months presented a decrease in the values of maximum 

inspiratory pressure (p=0.001) and maximum expiratory pressure (p=0.015), in aerobic 

capacity (p<0.001) with significant presence of desaturation on exertion (p<0.001), and 

increased values of dyspnea perception (p=0.001) and Frailty Index (p=0.026). 

Conclusion: Significant changes were found in the functional respiratory capacity of 

elderly patients diagnosed with CoViD-19 for up to 6 months, when compared with 

elderly individuals without a known diagnosis of CoViD-19. It is not possible to 

extrapolate the results obtained to the Portuguese population, however these results 

may be an important indicator in the characterization of sequelae in the elderly after 

infection by SARS-CoV-2. 

Keywords: CoViD-19, elderly, functional respiratory capacity, respiratory pressures, grip 

strength. 
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INTRODUCTION 

The year 2020 was marked by the pandemic spread of a new coronavirus, called Severe 

Acute Respiratory Syndrome-Coronavirus-2 (SARS-CoV-2)1, which causes Coronavirus 

Disease – 2019 (CoViD-19). Symptomatic presentation is characterized by mild 

respiratory infections or pneumonia of moderate to severe intensity. Pneumonia can 

cause hypoxemic respiratory failure due to bilateral interstitial infiltration with severe 

changes in the ventilation-perfusion ratio, pulmonary shunt, lung parenchyma necrosis 

and pulmonary fibrosis caused by consolidation of pulmonary exudate, which may 

progress to Acute Respiratory Distress Syndrome (ARDS) and multisystemic failure2. 

By the end of June 2021, more than 880000 confirmed cases had been registered in 

Portugal, with a mortality rate exceeding 17100 deaths. Worldwide, more than 181 million 

cases are confirmed in 191 countries/regions, with mortality exceeding 4 million deaths3. 

Overall, approximately 80% of all CoViD-19 patients, confirmed by laboratory testing, 

have mild to moderate disease, with or without pneumonia, 13.8% have severe disease 

(dyspnea, respiratory rate ≥30/minute, peripheral blood oxygen saturation (SpO2) ≤93%, 

partial pressure of oxygen/inspired oxygen fraction <300, pulmonary infiltration >50% of 

the lung field in 24-48 hours) and 6.1% has critical illness (respiratory failure, septic 

shock and multisystem failure)4. Consequently, thousands of patients worldwide are 

hospitalized for acute care, where between 75-80% have prolonged hospitalizations (±21 

days)5. In Portugal, a 15% hospitalization rate was reported, with an ICU admission rate 

of 1.5% and a mortality rate of 2.5%6. 

However, CoViD-19 doesn´t affect only the lungs, being currently described as a 

multisystemic disease7. Simultaneously, a hyper inflammatory state caused by the 

patient's immune response (cytokine storm) seems to be responsible for the dysfunction 

increase in various organs and systems8, being associated with cardiac9, neurological10 

and musculoskeletal complications11. 

As this is a disease with a short evolution, it´s not clear whether it will leave permanent 

pulmonary or physical sequelae and to what extent, existing a need for studies to 

characterize the sequelae and their evolution. Lung tissue alterations such as ground 

glass opacities, consolidation, vascular thickening, bronchiectasis, pleural effusion, 

mosaic paving pattern and presence of nodules may exist in more than 80% of 

survivors12. A study13 suggests that pulmonary fibrosis will become one of the main 

sequelae, showing that 45% of patients presented signs of pulmonary fibrosis one month 

after infection and developed pulmonary fibrosis 3 to 6 months after infection. 
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The set of symptoms that can remain 12 or more weeks after the initial infection was 

called Long COVID, with reports of severe symptoms persistence for more than 6 months 

after the initial infection, even in moderate initial manifestations. Research on Long 

COVID is growing, and there´s already initial evidence14 of 55 long-term complications 

associated with CoViD-19, highlighting for clinical practice the decrease in SpO2 on 

exertion, thromboembolic disease, myocarditis or pericarditis, dysautonomia, pulmonary 

interstitial disease, myelopathy, neuropathy and neurocognitive disorders, with a study15 

pointing to a prevalence that can reach 10% of cases with persistent symptoms. 

However, there´s still no consensus in the literature on the definition of Long COVID, its 

cause, prevalence, susceptibility, severity, diagnosis or treatment14. 

Although some aspects of this disease remain uncertain, there seems to be no doubt 

that elderly people, potentially fragile and subject to more comorbidities, are at greater 

risk of severe and/or fatal manifestation16, which is also described in the Portuguese 

population6. This is probably due to the fact that the elderly have a more vulnerable 

immune system and less physiological reserve in face of an aggressor event, as well as 

a greater probability of comorbidities, which makes them more exposed and more likely 

to develop this disease17. An investigation18 involving frailty and hospitalization indicate 

that this condition is a better evolution and negative outcome predictor in situations of 

disease, than age or comorbidities, and this relation is also described in CoViD-1919. It´s 

currently predicted that this disease could result in significant morbidity for 3-6 months, 

with 45% of patients in need of medical and social assistance and 4% of patients in need 

of inpatient rehabilitation, with consequent pressure on medical and rehabilitation 

services beyond 12 months7. 

Considering the worldwide impact caused by CoViD-19, understanding this disease 

functional repercussions in recovered patients is of great interest. Despite the current 

research focus being the characterization of the sequelae, the functional impact and the 

potential consequences that this disease causes in the elderly who have presented 

SARS-CoV-2 infection is still unknown. 

Taking this into account, the aim of this study was to identify possible sequelae in the 

functional respiratory capacity in elderly people who were diagnosed with CoViD-19, 

asymptomatic and with moderate, severe or critical symptoms. Therefore, functional 

aerobic capacity, respiratory and peripheral muscle strength, levels of dyspnea and 

Frailty Index were evaluated in a community-dwelling group of individuals over 65 years 

of age, diagnosed with CoViD-19 up to 6 months before the start date of the study, in 
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comparison with an equal number of elderly people with the same characteristics without 

a previous diagnosis of CoViD-19. 

 

METHODS 

This was a quantitative study with a cross-sectional observational research design, with 

a control group. The population were individuals who were diagnosed with  

SARS-CoV-2 infection within 6 months, asymptomatic or with moderate, severe or critical 

symptoms. The study sample consisted of community-dwelling individuals aged ≥65 

years, diagnosed with CoViD-19 within a period of up to 6 months before the evaluation 

carried out in this study, who voluntarily agreed to participate after signing a informed 

consent by themselves or their health caregiver. Individuals who refused to sign an 

informed consent (self or caregiver) were excluded. The control group consisted of 

community-dwelling individuals, with identical age and gender characteristics but without 

a diagnosis of CoViD-19, which agreed to participate in the study. The informed consent 

was signed by all participants, and the study was approved by the Ethics Committee of 

ESTeSL. 

Data collection took place in Lisboa e Vale do Tejo area with 50 participants evaluated. 

Sample general characterization data such as age; gender; Body Mass Index (BMI); 

comorbidities; occurrence, type and duration of hospitalization, were collected. The 

variables under study were: functional aerobic capacity; peripheral and respiratory 

muscle strength, dyspnea perception and Frailty Index. 

Functional aerobic capacity was assessed with the 2-Minute Step Test (TMST), used in 

different studies to assess aerobic capacity in the elderly20, which is a valid and reliable 

test21, recommended by the American Physical Therapy Association22 to assess aerobic 

exercise capacity in patients with and after CoViD-19. During this test, SpO2 was 

monitored using finger oximetry (mindray PM-60 oximeter) in order to measure 

desaturation on exertion existence, as recommended by the American Thoracic 

Society/European Respiratory Society23 guidelines in the assessment of patients after 

CoViD-19. A decrease in SpO2 ≥4% was considered clinically significant24. 

The perception of dyspnea was assessed using the modified Medical Research Council 

Dyspnea Questionnaire (mMRC), according to the recommendations of the Portuguese 

Association of Physiotherapists and Interest Group in Cardio-Respiratory Physiotherapy 

(GIFCR) in the evaluation of patients with CoViD-1925. 
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Peripheral muscle strength was assessed by measuring isometric grip strength (kg) with 

the JAMAR® hydraulic dynamometer. This measurement is valid and suitable not only 

for the assessment of upper limb muscle strength26, but it´s also associated with general 

peripheral muscle strength27, which shows great importance due to its relation with the 

individuals' functional capacity, allowing the determination of risk levels for future 

incapacity28. 

Respiratory muscle strength was assessed by measuring maximal inspiratory pressure 

(MIP) and maximal expiratory pressure (MEP), as recommended by the GIFCR in the 

evaluation of patients with CoViD-1925, using a MicroRPM® manovacuometer. As 

recommended by the guidelines29, the use of non-invasive manovacuometers to 

measure maximal respiratory pressures (cm H2O) quantifies respiratory muscle strength 

in various populations with different characteristics, showing excellent reliability. 

The Frailty Index was identified through the Clinical Frailty Scale (CFS), a valid and 

reliable instrument in the assessment of frailty that, in addition to being easy and quick 

to apply, is a predictor of institutionalization and mortality30. 

The data obtained were analysed using the Statistical Package for Social Sciences – 

IBM SPSS 25.0 software. T test for 2 independent samples and Mann-Whitney test were 

used to group comparison in the different variables. The level of statistical significance 

chosen was p<0.05. 

 

RESULTS 

The study sample consisted of 50 individuals (28 men and 22 women) older than 65 

years (70.2 ± 5.6 years). 25 individuals constituted the post-covid group (after diagnosis 

of CoViD-19 up to 6 months) and 25 individuals the control group (without CoViD-19 

diagnosis) (Table 1). The assessment in the post-covid group occurred 4.5 ± 0.6 months 

after diagnosis of CoViD-19. 

In the study sample, the participants presented heart disease and metabolic disease as 

the main comorbidities (Table 2) and only 4% presented no comorbidity. In the post-

covid group, 20% of participants had 1 comorbidity, 36% 2 comorbidities and 44% 3 or 

more comorbidities, while in the control group 44% had 1 comorbidity, 32% 2 

comorbidities and 16% 3 or more comorbidities. In the post-covid group only 2 were 

asymptomatic, 12 were hospitalized (20.9 ± 7.2 days) and of these, 5 were hospitalized 

in the Intensive Care Unit (36 ± 6.5 days) (Table 3). 
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Table 1. Sample characterization data: sex, age and Body Mass Index 

 

 

Table 2. Sample characterization data: comorbidities 

 

 

Table 3. Sample Characterization Data: CoViD-19 pattern 

 

 

Frailty 

There were differences registered between the two groups for the Frailty Index 

(p=0.026), with higher levels of frailty in the post-covid group compared to the control 

group (table 4). 
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Dyspnea perception 

The post-covid group showed differences in relation to the control group (p=0.001) in the 

mMRC classification, with higher mean levels of dyspnea perception than the levels 

perceived by the individuals in the control group (table 4). 

 

Table 4. Results: Clinical Frailty Scale (CFS) and modified Medical Research Council Questionnaire 

(mMRC) 

 

 

Respiratory muscle strength 

The study groups presented different values, with the control group presenting higher 

values in relation to the post-covid group in both MIP (p=0.001) and MEP (p=0.015), 

indicating a muscular strength decrease of the respiratory muscles in the post-covid 

group compared to the control group (Table 5). 

Peripheral muscle strength 

There were no differences between the two groups in grip strength values, both in the 

right hand (p=0.135) and in the left hand (p=118) (Table 5). 
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Functional aerobic capacity 

Regarding the TMST, the two groups showed different results, with the post-covid group 

registering lower values (p<0.001), demonstrating a lower functional aerobic capacity 

(Table 5). During the TMST performance, differences were observed between the groups 

concerning desaturation on exertion (p<0.001). In addition to the post-covid group having 

presented higher desaturation values, it was in this group that almost all clinically 

significant desaturation (≥4%) was registered, which occurred in only 1 participant in the 

control group (table 6). 

 

Table 5. Mean, standard deviation and p value results: maximal inspiratory pressure (MIP), maximal 

expiratory pressure (MEP), grip strength and 2minute step test (TMST) 

 

 

Table 6. Results: Desaturation on exertion 
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DISCUSSION 

Although Long COVID characterization being the current focus of investigation, to our 

knowledge there are no studies comparing functional variables among elderly people 

diagnosed with CoViD-19 vs without a diagnosis of CoViD-19. However, given the 

heterogeneity of CoViD-19 clinical presentation, it´s essential to have simple tools to 

assess and monitor the impact of symptoms on the respiratory system and on these 

patients functionality, the main outcomes of physical therapy intervention in patients with 

CoViD-19 sequelae. 

The variables and measurement instruments used in this study are recommended by the 

existing guidelines23 for post-covid patients assessment in sequelae characterization, 

and have been used to compare physical therapy interventions in different contexts8,37,39. 

The variables that characterize the study sample, namely advanced age, gender, BMI, 

comorbidities and hospitalization length seem to be among the most significant for 

CoViD-19, in line with other investigations31,33 that correlate these variables with the 

increased risk of hospitalization and functional capacity of post-covid patients after 

hospital discharge. The absence of significant difference between the post-covid group 

and the control group in the sample characterization variables under study, including age 

(p=0.148), gender (p=0.396), BMI (p=0.832) and comorbidities (p's >0.05), allows its 

comparisons. 

Investigations concerning post-covid sequelae exist mostly in patients who required 

hospitalization. However, it seems to be important to characterize the sequelae by the 

pattern of disease registered, as done in the present study, where 44% of patients 

evaluated in the post-covid group belonged to the symptomatic with home isolation 

subgroup. A longitudinal study32 described the presence of symptoms, including dyspnea 

and fatigue, up to 7 months after the initial infection in patients with mild and moderate 

disease, concluding that these sequelae may occur in the long term even in patients with 

mild and moderate disease, reinforcing the need of sequelae characterization in this 

subgroup. However, the balance registered in the sample´s distribution, between 52% of 

non-hospitalized participants and 48% of hospitalized participants, is noteworthy. 

Regarding the Frailty Index, the difference verified in the frailty levels between the two 

groups in our study, is in agreement with the results obtained by Owen and colleagues 

(2021)33, which correlated the Frailty Index, through the CFS, and mortality among 

hospitalized patients with and without a diagnosis of CoViD-19, demonstrating that there 
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are also differences in the Frailty Index between the groups, with a higher percentage of 

frailty in the CoViD-19 group. 

Grip strength, one of the main determinants of frailty and sarcopenia, as well as a 

predictor of dysfunction, morbidity and mortality, has been associated with CoViD-19. 

It´s strongly correlated with respiratory muscle strength (MIP and MEP) and both are 

inversely proportional to age34, with descriptions35 of this relationship in healthy 

populations. A larger study31 points out that grip strength assessed by a dynamometer 

is inversely correlated with risk of hospitalization for CoViD-19, assuming grip strength 

as an independent risk factor for the severity of CoViD-19. However, it can´t be said that 

the post-covid group has lower grip strength as there was no statistically significant 

difference. This finding is supported by the fact that the values obtained in the post-covid 

group doesn´t present significant differences in relation to normative values36. The fact 

that a significant percentage (52%) of the sample wasn´t hospitalized may have 

contributed to this result. 

Based on existing scientific evidence from the pulmonary sequelae study in individuals 

who have recovered from other CoV outbreaks (SARS-CoV and MERS-CoV), as well as 

the existing evidence on SARS-CoV-237 infection, testing respiratory and gas exchange 

are extremely important, including MIP and MEP assessment38. MIP is a strong indicator 

of diaphragm muscle strength, while MEP measures the strength of the abdominal and 

intercostal muscles, particularly important for effective coughing and related to dyspnea. 

Decreased expiratory muscle strength can lead to air trapping, while decreased 

inspiratory muscles can lead to atelectasis. Several reasons for post-covid respiratory 

muscle weakness have been suggested, including viral damage-induced myositis, 

muscle wasting and deconditioning due to prolonged lodging, myopathy caused by 

corticosteroids, and critical illness-associated polyneuropathy or myopathy38. The 

restrictive pattern observed in several investigations37 on lung function in patients after 

CoViD-19 may be partially due to respiratory muscle weakness, as reported by a follow-

up study39 at 3 and 6 months after hospital discharge, where there was a persistent 

decrease in MIP and MEP, and by another investigation40 on respiratory function in the 

post-covid convalescence phase, which points to an 80% decrease in the predictive 

values of MIP and MEP, respectively. These investigations are in line with the results 

obtained in our study, were was registered a significant difference in the measurement 

of maximal respiratory pressures between the post-covid group and the control group. 
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This finding is supported by the fact that the post-covid group presents measurements 

at 67% and 60% of the predictive values29 of MIP and MEP, respectively. 

The decrease in respiratory muscle strength partially contributes to the observed 

changes in aerobic capacity. The significant decrease in aerobic capacity measured by 

TMST with oxygen desaturation during exercise verified in this study, is in line with the 

results obtained in aerobic capacity assessment, in rehabilitation programs for patients 

with CoViD-19 after hospital discharge41. This finding is supported by the fact that the 

values recorded in the post-covid group were below the mean of predictive values21, 

specifically between 45% and 58% in men and between 41% and 66% in women. 

Desaturation on exertion is one of the main sequelae observed after SARS-CoV224 

infection. The results obtained clearly demonstrate the existence of this sequel, with 

significant desaturation in 48% of post-covid participants compared to the control group, 

where significant desaturation occurred in 1 participant (4%), who had previous 

oncologic respiratory disease. This can be explained by evidence37 indicating that the 

distinctive feature of CoViD-19 is extensive damage to alveolar epithelial cells and 

endothelial cells with secondary fibroproliferation, indicating a potential for chronic 

alveolar vascular and alveolar remodelling, leading to pulmonary fibrosis and/or 

pulmonary hypertension and mainly compromising the diffusion-perfusion capacity, as 

reported by this meta-analysis37. 

Although this study limitation (small sample), the characterization of the sequelae found 

is essential in the elderly age group. Decreased respiratory muscle strength and aerobic 

capacity can affect the ability to perform ADL, in addition to implying an increase in the 

vulnerability of the immune system as well as a reduction in physiological reserve in face 

of a potential aggressor event. This has consequences in the increase of frailty, which is 

directly related to the decrease in functionality, institutionalization and mortality. To our 

knowledge, there were no studies specifically carried out with older adults (>65 years of 

age). Taking into account the burden on social and rehabilitation services, the early 

inclusion of these patients in pulmonary and/or cardiovascular rehabilitation programs 

seems very important, aiming for the recovering of their respiratory and functional 

capacity. 
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CONCLUSION 

In the study sample, it was found that elderly people diagnosed with CoViD-19 up to 6 

months, showed changes in functional respiratory capacity, namely decreased 

respiratory muscle strength and functional aerobic capacity with desaturation on 

exertion, and consequently an increase in the subjective perception of dyspnea, with 

higher rates of frailty, compared to an identical group without a previous diagnosis of 

CoViD-19. 

Research studies on post-covid sequelae characterization is necessary, with larger 

samples representative of the population, and which also include patients with mild and 

moderate symptoms, as there are indications that these may also be prevalent 

significant. The knowledge of these sequelae is important to being able to act earlier in 

the recovery of the verified limitations, which can represent a very high impact on the 

quality of life in elderly patients. 

 

REFERENCES 

1. Coronaviridae Study Group of the International Committee on Taxonomy of V. The 

species Severe acute respiratory syndrome-related coronavirus: classifying 2019-nCoV 

and naming it SARS-CoV-2. Nat Microbiol. 2020 

2. Guan W, et al. Clinical Characteristics of Coronavirus Disease 2019 in China. N Engl 

J Med. 2020 

3. Direção Geral de Saúde. COVID-19 Ponto atual de situação em Portugal e no mundo. 

[internet]. [cited 21 Jun 2021] Available from: https://covid19.min-saude.pt/ 

4. World Health Organization. Report of the WHO-China Joint Mission on Coronavirus 

Disease 2019 (COVID-19) [internet]. [cited 21 Jun 2021] Available from:  

(https://www.who.int/publications-detail/report-of-the-who-china-joint-mission-on-

coronavirus-disease-2019-(covid-19) 

5. Wang L, et al. Coronavirus Disease 2019 in elderly patients: characteristics and 

prognostic factors based on 4-week follow-up. Journal of Infection. 2020 

6. Froes MT, Duque BN, Martins B, Silva MJ. Comparison of Multimorbidity in COVID-

19 infected and general population in Portugal. MedRXiv. 2020. Available in: 

https://doi.org/10.1101/2020.07.02.20144378 

 . CC-BY-ND 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 6, 2021. ; https://doi.org/10.1101/2021.09.03.21263076doi: medRxiv preprint 

https://doi.org/10.1101/2021.09.03.21263076
http://creativecommons.org/licenses/by-nd/4.0/


7. Barker-Davies RM, O’Sullivan O, Senaratne KPP, et al. The Stanford Hall consensus 

statement for postCOVID-19 rehabilitation [internet]. Br J Sports Med Epub. [cited 2021 

Jun 21]. Available from: doi:10.1136/bjsports-2020-102596 

8. Ye Q, Wang B, Mao J. The pathogenesis and treatment of the ‘cytokine Storm’ in  

COVID-19. J Infect 2020. doi: 10.1016/j.jinf.2020.03.037 

9. Madjid M, Safavi-Naeini P, Solomon SD, et al. Potential effects of coronaviruses 

on the cardiovascular system: a review. JAMA Cardiol. 2020. 

10. Baig AM. Updates on What ACS Reported: Emerging Evidences of COVID-19 with 

Nervous System Involvement. ACS Chem Neurosci 2020;11:1204–5 

11. Cipollaro L, Giordano L, Padulo J, et al. Musculoskeletal symptoms in SARS-CoV-2 

(COVID-19) patients. J Orthop Surg Res. 2020. 15,178. https://doi.org/10.1186/s13018-

020-01702-w 

12. Docherty AB, Harrison EM, Green CA, et al; ISARIC4C Investigators. Features 

of 20 133 UK patients in hospital with COVID-19 using the ISARIC WHO Clinical 

Characterisation Protocol: prospective observational cohort study. BMJ. 2020; 

369:m1985. doi:10.1136/bmj.m1985 

13. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T, Davidson KW, et 

al. Presenting Characteristics, Comorbidities, and Outcomes Among 5700 Patients 

Hospitalized With COVID-19 in the New York City Area. JAMA. 2020 Apr 

22;323(20):2052-2059. doi: 10.1001/jama.2020.6775.  

14. Lopez-Leon S, Wegman-Ostrosky T, Perelman C, Sepulveda R, Rebolledo PA, 

Cuapio A, Villapol S. More than 50 Long-term effects of COVID-19: a systematic review 

and meta-analysis. medRxiv. 2021 Jan 30:2021.01.27.21250617. doi: 

10.1101/2021.01.27.21250617.  

15. Trisha T, Knight M, A’Court C, Buxton M, Husain L. Management of post-acute covid-

19 in primary care. BMJ 2020; 370:m3026 

16. Zheng Z, Peng F, Xu B, Zhao J, et al. Risk factors of critical & mortal COVID-19 

cases: A systematic literature review and meta-analysis. J. Infect. 2020, S0163–4453, 

30234–30236. 

 . CC-BY-ND 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 6, 2021. ; https://doi.org/10.1101/2021.09.03.21263076doi: medRxiv preprint 

https://doi.org/10.1101/2021.09.03.21263076
http://creativecommons.org/licenses/by-nd/4.0/


17. Bencivenga L, Rengo G, Varricchi G. Elderly at time of COronaVIrus disease 2019 

(COVID-19): Possible role of immunosenescence and malnutrition. Geroscience 2020, 

1–4. 

18. Hanlon P, Nicholl BI, Jani BD, Lee D, et al. Frailty and pre-frailty in middle-aged and 

older adults and its association with multimorbidity and mortality: a prospective analysis 

of 493737 UK Biobank participants. Lancet Public Health. 2018; 3: e323–32. 

19. Hewitt J, Carter B, Vilches-Moraga A, Quinn TJ, et al. The effect of frailty on survival 

in patients with COVID-19 (COPE): a multicentre, European, observational cohort study. 

Lancet Public Health. 2020 Aug;5(8):e444-e451. doi: 10.1016/S2468-2667(20)30146-8.  

20. Rikli RE, Jones CJ. Functional fitness normative scores for community-residing older 

adults, ages 60-94. Journal of aging and physical activity. 1999; 7:162-181. 

21. Bohannon RW, Crouch RH. Two-Minute Step Test of Exercise Capacity: Systematic 

Review of Procedures, Performance, and Clinimetric Properties. J Geriatr Phys Ther. 

2019 Apr/Jun;42(2):105-112. doi: 10.1519/JPT.0000000000000164. PMID: 29210933. 

22. American Physical Therapy Association (APTA). COVID-19 Core Outcome 

Measures: APTA Academies and Sections Consensus Statement. 2020. 

23. Bai C, Chotirmall SH, Rello J, et al. Updated guidance on the management of COVID-

19: from an American Thoracic Society/European Respiratory Society coordinated 

International Task Force (29 July 2020). Eur Respir Rev 2020; 29(157): 200287 

24. Núñez-Cortés R, Rivera-Lillo G, Arias-Campoverde M, Soto-García D, García-

Palomera R, Torres-Castro R. Use of sit-to-stand test to assess the physical capacity 

and exertional desaturation in patients post COVID-19. Chronic Respiratory Disease. 

January 2021. doi:10.1177/1479973121999205 

25. Associação Portuguesa de Fisioterapeutas. Fisioterapia Respiratória em Pessoas 

com COVID-19. 2020. Available from: http://www.apfisio.pt/covid-19-

recursos/profissionais/ 

26. Associação Portuguesa de Fisioterapeutas. Grupo de interesse em Fisioterapia 

Cardiorrespiratória. Avaliação em Fisioterapia Cardiorrespiratória: uma compilação de 

instrumentos de medida para fisioterapeutas. 2019. Available from:  

http://www.apfisio.pt/wp-

 . CC-BY-ND 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 6, 2021. ; https://doi.org/10.1101/2021.09.03.21263076doi: medRxiv preprint 

https://doi.org/10.1101/2021.09.03.21263076
http://creativecommons.org/licenses/by-nd/4.0/


content/uploads/2019/07/INSTRUMENTOS_MEDIDA_FISIOTERAPIA_CARDIORRES

PIRATORIA.pdf 

27. Dias J. et al. Força de preensão palmar: métodos de avaliação e fatores que 

influenciam a medida. Rev Bras Cineantropom desempenho Hum 2010, 12(3):209-216 

28. Tomás MT, Fernandes MB. Força de preensão – Análise de concordância entre dois 

dinamómetros: JAMAR vs E-Link. Saúde & Tecnologia. 2012. 7, p 39-43. ISSN: 1646-

9704 

29. Laveneziana P, Albuquerque A, Aliverti A, et al. ERS statement on respiratory muscle 

testing at rest and during exercise. Eur Respir J 2019; 53(6):1801214. Available from: 

https://doi.org/10.1183/13993003.01214-2018. 

30. Pinto MP, Martins S, Mesquita E, Fernandes L. European Portuguese Version of the 

Clinical Frailty Scale: Translation, Cultural Adaptation and Validation Study. Acta Med 

Port 2021. 34(13) 

31. Cheval B, Sieber S, Maltagliati S, Grégoire P, et al. Muscle strength is associated 

with COVID-19 hospitalization in adults 50 years of age and older. medRxiv 

2021.02.02.21250909; doi: https://doi.org/10.1101/2021.02.02.21250909 

32. Augustin M, Schommers P, Stecher M, Dewald F, et al. Post-COVID syndrome in 

non-hospitalised patients with COVID-19: a longitudinal prospective cohort study. The 

Lancet Regional Health – Europe. 2021: 6, 100122. 

https://doi.org/10.1016/j.lanepe.2021.100122 

33. Owen R, Conroy S, Taub N, Jones W, et al. Comparing associations between frailty 

and mortality in hospitalised older adults with or without COVID-19 infection: a 

retrospective observational study using electronic health records. Age and Ageing. 2021: 

50(2). 307–316. https://doi.org/10.1093/ageing/afaa167 

34. Ekiz T, Kara M, Özçakar L. Measuring grip strength in COVID-19: A simple way to 

predict overall frailty/impairment. Heart Lung. 2020 Nov-Dec;49(6):853-854. doi: 

10.1016/j.hrtlng.2020.05.011 

35. Severin R, Arena R, Lavie CJ, Bond S, Phillips SA. Respiratory Muscle Performance 

Screening for Infectious Disease Management Following COVID-19: A Highly 

Pressurized Situation. The American Journal of Medicine. 2020. 

doi:10.1016/j.amjmed.2020.04.003 

 . CC-BY-ND 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 6, 2021. ; https://doi.org/10.1101/2021.09.03.21263076doi: medRxiv preprint 

https://doi.org/10.1101/2021.09.03.21263076
http://creativecommons.org/licenses/by-nd/4.0/


36. Mathiowetz V, Kashman N, Volland G, Weber K, Dowe M, Rogers S. Grip and pinch 

strength: normative data for adults. Arch Phys Med Rehabil. 1985 Feb;66(2):69-74.  

37. Torres-Castro R, Vasconcello-Castillo L, Alsina-Restoy X, et al. Respiratory function 

in patients post-infection by COVID-19: a systematic review and meta-analysis. 

Pulmonology. 2020; S2531-0437(20)30245-2. doi:10.1016/j.pulmoe.2020.10.013 

38. Gochicoa-Rangel L, Torre-Bouscoulet L, Salles Rojas A, Guzmán-Valderrábano C, 

Silva-Cerón M, Benítez-Pérez RE, Salas-Escamilla I, Madrid-Mejía W, Grosso-Espinosa 

JM. Functional Respiratory Evaluation in the COVID-19 Era: The Role of Pulmonary 

Function Test Laboratories. Rev Invest Clin. 2020 May 7;73(4). doi: 

10.24875/RIC.20000250 

39. Gerardo A, Almeida T, Maduro S, Carvalho M, Boléo-Tomé J, Liberato H. Función 

pulmonar, capacidad funcional y estado de salud en una cohorte de sobrevivientes de 

COVID-19 a los 3 y 6 meses después del alta hospitalaria. Rev Med Clin. 

20215(2):e11052105023. Available from: 

https://www.medicinaclinica.org/index.php/rmc/article/view/338.  

40. Huang Y, Tan C, Wu J, et al. Impact of coronavirus disease 2019 on pulmonary 

function in early convalescence phase. Respir Res 21, 163 (2020). 

https://doi.org/10.1186/s12931-020-01429-6 

41. Hameed F, Palatulan E, Jaywant A, et al. Outcomes of a COVID-19 recovery 

program for patients hospitalized with SARS-CoV-2 infection in New York City: A 

prospective cohort study. PM&R. 2021; 13: 609– 617. 

https://doi.org/10.1002/pmrj.12578 

 . CC-BY-ND 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 6, 2021. ; https://doi.org/10.1101/2021.09.03.21263076doi: medRxiv preprint 

https://doi.org/10.1101/2021.09.03.21263076
http://creativecommons.org/licenses/by-nd/4.0/

