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Abstract

:

Patients with long-term health sequelae of COVID-19 (post-COVID-19 condition) experience both physical and cognitive manifestations. However, there is still uncertainty about the prevalence of physical impairment in these patients and whether there is a link between physical and cognitive function. The aim was to assess the prevalence of physical impairment and investigate the association with cognition in patients assessed in a post-COVID-19 clinic. In this cross-sectional study, patients referred to an outpatient clinic ≥ 3 months after acute infection underwent screening of their physical and cognitive function as part of a comprehensive multidisciplinary assessment. Physical function was assessed with the 6-Minute Walk Test, the 30 s Sit-to-Stand Test and by measuring handgrip strength. Cognitive function was assessed with the Screen for Cognitive Impairment in Psychiatry and the Trail Making Test-Part B. Physical impairment was tested by comparing the patients’ performance to normative and expected values. Association with cognition was investigated using correlation analyses and the possible explanatory variables regarding physical function were assessed using regression analyses. In total, we included 292 patients, the mean age was 52 (±15) years, 56% were women and 50% had been hospitalised during an acute COVID-19 infection. The prevalence of physical impairment ranged from 23% in functional exercise capacity to 59% in lower extremity muscle strength and function. There was no greater risk of physical impairment in previously hospitalised compared with the non-hospitalised patients. There was a weak to moderate association between physical and cognitive function. The cognitive test scores had statistically significant prediction value for all three outcomes of physical function. In conclusion, physical impairments were prevalent amongst patients assessed for post-COVID-19 condition regardless of their hospitalisation status and these were associated with more cognitive dysfunction.
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1. Introduction


The coronavirus disease 2019 (COVID-19) has resulted in over 670 million cases and over 6.5 million deaths worldwide as of March 2023 [1]. With increasing numbers of patients who have survived the illness, it is necessary to attain a better understanding of the long-term health sequelae of COVID-19.



The World Health Organization (WHO) defines the long-term health complications as post-COVID-19 condition, which “…occurs in individuals with a history of probable or confirmed SARS-CoV-2 infection, usually 3 months from the onset of COVID-19 with symptoms and that last for at least 2 months and cannot be explained by an alternative diagnosis…” [2].



Reports of post-COVID-19 condition show that a substantial proportion (32–76%) of survivors of moderate to severe COVID-19 infection experience one or more symptoms in the long term (2–6 months) after diagnosis, where the most commonly reported symptoms include fatigue, general pain, malaise, muscle weakness, sleep disturbances, dyspnoea, chest pain, cognitive and mental health symptoms [3,4,5,6,7,8]. The evidence indicates that even in mild COVID-19 infection without the need for hospitalisation, individuals experience long-term manifestations from COVID-19 [8,9,10,11,12,13,14].



The prevalence of physical sequelae after COVID-19 infection ranges from 6.5–53.8% across studies [3,5,15,16,17] with most studies being based on follow-up after hospitalisation, with the follow-up time varying from 1 to 7.5 months from either symptom onset, diagnosis, hospital admission or discharge from hospital [16]. Studies show that patients experience reduced physical capacity, endurance and muscle strength and impaired mobility [5,9,15,16,18].



The International Classification of Functioning, Disability and Health (ICF) defines physical impairment as “…problems in body function or structure such as a significant deviation or loss” [19]. With this definition in mind, the underlying mechanisms and factors affecting patients’ physical function and the degree of impairment in relation to post- COVID-19 condition are complex, not comprehensibly understood and thus reflected in the current studies on the subject [3,16]. A systematic review points out that it can be difficult to untangle the sequelae caused directly by COVID-19 infection from those arising from related factors such as sequelae from hospitalisation due to severe illness [3]. Some studies suggest that COVID-19 infection can act as an immune trigger and the immune response may partly explain the persistent symptoms affecting the patients’ physical function [20,21]. Other studies emphasize the role of persistent dyspnoea [18], fatigue [22], post-exertional malaise [11,22], altered cardiorespiratory function [22], joint pain [4], muscle weakness [5,22] and deconditioning after bedrest [17] as contributing factors to functional impairment. This notion of the underlying mechanisms being multifactorial is also reflected in The National Institute for Health Care and Excellence (NICE) guidelines for managing the post-COVID-19 condition, which recommend that rehabilitation programs should be multidisciplinary and holistic [23].



Long-term persistent cognitive sequelae are prevalent in individuals after COVID-19 infection [7,11]. Some studies have found overlap and co-occurrence of symptoms of cognitive sequelae, breathlessness, psychological stress and reduced physical activity and function within the same population after COVID-19 infection [7,11,17]. It is suggested that cognition plays an integral role in most physical tasks and in physical function in general [24,25]. Although most of the studies on the subject include older populations (>65 years of age), these mechanisms can be thought to play a certain part regarding patients with post-COVID-19 condition. It can be hypothesised that both the cognitive and the physical system can be affected at once or that the COVID-19 infection affects one system the most, or maybe first, which then can impact the other system. This brings us to the question of a possible association between the physical and cognitive function in patients with post-COVID-19 condition, which is sparsely investigated in the literature.



Thus, the aim of this study was to assess the prevalence and pattern of physical impairments in patients referred to a post-COVID-19 outpatient clinic, and if the physical impairments differed between those previously hospitalised and non-hospitalised patients. Further, we aimed to assess if there was an association between physical and cognitive function in this large sample of patients. We hypothesised: (i) that patients would present with frequent physical impairments, (ii) that these impairments would be more frequent among previously hospitalised compared with non-hospitalised patients and (iii) that there would be a positive association between the patients’ physical and cognitive outcome scores.




2. Materials and Methods


2.1. Study Design and Participants


In this cross-sectional study, data were obtained from a post-COVID-19 outpatient clinic at Bispebjerg Hospital, in the Capital Region of Copenhagen, Denmark, from June 2020 to December 2021. Patients were consecutively enrolled and were eligible if they were ≥18 years of age and referred to the clinic either as part of a standard follow-up assessment after hospitalisation with COVID-19 or they were referred by their general practitioner due to unexpected, or complex and long-term symptoms (≥3 months) after COVID-19 infection.



This study was approved by the regional ethics committee (H-20035553), and all patients provided written and verbal informed consent.




2.2. Procedures


Patients attended the post-COVID-19 outpatient clinic where their physical and cognitive function was assessed within the same visit as part of a comprehensive clinical assessment, including examination by a medical doctor. Before the visit, the patients had completed a set of questionnaires by phone interview conducted by a nurse. Physical function was assessed by a physiotherapist and cognitive function was assessed by a neuropsychologist.




2.3. Assessment of Physical Function


To assess the patients’ functional exercise capacity, the 6-Minute Walk Test (6MWT) was performed according to a standardized protocol [26], where the patient was instructed to walk from one end to the other, turning around a cone placed at both ends, of a 20 m walkway at their own pace, while attempting to cover as much ground as possible in the allotted 6 min. Oxygen saturation, heart rate and dyspnoea, measured with the Borg dyspnoea scale [27], were assessed at rest immediately before and after the 6MWT.



Muscle strength and function in the lower extremities was assessed by patients performing the 30 s Sit-to-Stand Test where the patient was asked to rise to a full stand from a seated position, chair height 45 cm, as many times as possible in 30 s, with the arms across the chest [28].



As a surrogate measure for general peripheral muscle strength, the participants’ handgrip strength (HGS) was assessed with a handheld Saehan Hydraulic Hand Dynamometer following a standardized protocol [29]. In brief, the patient was instructed to sit comfortably in a standard chair with back support, and to rest their forearm of the dominant side on the armrest of the chair with their wrist just over the end of the armrest in a neutral position, thumb facing upwards. The patient was encouraged to squeeze the dynamometer for approximately 5 s as tightly as possible, while being encouraged by the physiotherapist. The highest grip strength measurement in kilograms, out of three attempts with the dominant hand, was read and recorded.




2.4. Assessments of Cognitive Function


Objective cognitive function was assessed with the brief (<20 min) cognition test battery Screen for Cognitive Impairment in Psychiatry—Danish Version (SCIP), version 3 [30], where a higher performance score indicated better cognitive performance. The test battery measured verbal learning and memory, working memory, verbal fluency, and processing speed.



Objective executive function was assessed with the Trail Making Test-Part B (TMT-B) [31,32], (score: number of seconds it took for the individual to complete the test) where a higher score indicated a poorer executive performance.




2.5. Patient-Reported Outcomes


Type and degree of respiratory symptoms were assessed using the COPD Assessment Test (CAT) [33] and Medical Research Council (MRC) Dyspnoea Score [34].



Health-related quality of life was assessed by obtaining the 5 Dimension 5 Level Quality of Life Questionnaire (EQ-5D-5L) [35].



The Post-COVID-19 Functional Status Scale (PCFS) [36] was completed to assess the patients’ subjective functional capacity.



Subjective cognitive functions were assessed with the Cognitive Failures Questionnaire (CFQ) [37].



Years of education were reported by the patients by asking them how many whole completed years of education they had, counting from primary school onward.




2.6. Other Outcomes


The patients’ comorbidity status was assessed using the Charlson Comorbidity Index (CCI) [38].



Time since COVID-19 infection was calculated from records of the date for positive SARS-CoV-2 PCR test, positive COVID-19 IgG titre or initiation of clinical symptoms of COVID-19 (for the patients that had not been tested), and the date of assessment in the outpatient clinic.




2.7. Statistical Analysis


Descriptive data were presented as means with standard deviation (SD) for continuous normally distributed data, as medians with interquartile range (IQR) for ordinal and not normally distributed data or numbers and percentages for categorical data.



The prevalence of physical impairment regarding submaximal functional capacity was tested by comparing the patient’s physical performance in the 6MWT to their expected performance calculated with regression-based formulas based on the patients age, sex, height and weight [39]. Cutoff value for physical impairment was set at <75% of expected performance.



The prevalence of physical impairment regarding muscle strength and function in the lower extremities and handgrip strength, respectively, was tested by comparing the patients’ physical performance in the 30 s Sit-to-Stand Test and HGS, respectively, to normative value intervals based on the patients’ age (divided into decades) and sex [40]. Cutoff values for physical impairment were set at > 1SD below expected performance for both tests [40].



Group comparisons of means of physical and cognitive function tests scores, respectively, comparing participants who had been hospitalised versus non-hospitalised, were conducted using independent t-tests.



Odds ratios (OR) for physical impairment, measured with the three physical function tests, in the hospitalised versus the non-hospitalised group were calculated using 2-by-2 tables. The chi-square test was applied to test for significance.



The association between physical and cognitive function was investigated with Pearson’s correlation analysis. Association was defined as very weak (r = ±0.19), weak (r = ±0.20 to ±0.39), moderate (r = ±0.40 to ±0.59), strong (r = ±0.60 to ±0.79) or very strong (r = ±0.80 to ±1) [41]. Linear regression with R-square measures were included to explain the amount of variation in the correlation.



To investigate the relationship between physical function outcomes and possible explanatory variables, multiple linear regression analyses were performed using physical function as the dependent variable and cognition, age, sex and education as independent variables.



All analyses were adjusted for age and sex with a significance level of 0.05 applied to all tests.



All statistical tests were conducted using STATA 17.0 (Texas, TX, USA).





3. Results


A total of 597 patients were assessed in the post-COVID-19 clinic in the inclusion period. Among these patients, 292 were included in the study as shown in the flowchart in Figure 1.



3.1. Participant Characteristics, Sociodemographic and Patient Reported Data


Table 1 presents the patients’ demographic, social and clinical characteristics stratified by their hospitalisation status in the acute phase of COVID-19 infection.



Fifty-six percent of the participants were female, and the mean age was 52 (±15) years. Age- and sex-adjusted analysis showed that compared to the non-hospitalised patients, the patients who had been hospitalised during their acute COVID-19 infection were older (p < 0.001), had a higher body mass index (BMI) (p < 0.001) and a higher degree of comorbidity (CCI; p < 0.001) (Table 1). Furthermore, the hospitalised group included more participants with asthma (p < 0.001) compared to the non-hospitalised group. Regarding working status, the hospitalised group had fewer individuals that were currently working and more who were retired (p < 0.022). In addition, there was a shorter time since acute COVID-19 infection in the hospitalised group (p = 0.001) and this group had a substantial overrepresentation of men compared to the non-hospitalised group (64% vs. 24%; p < 0.001) (Table 1).



All patient-reported outcome scores as well as years of education were similar across both groups. Regarding rehabilitation plans, a higher proportion of non-hospitalised patients had a rehabilitation plan made in the post-COVID-19 clinic (p = 0.001) and thus were referred to rehabilitation in a municipality setting (Table 1).



The missing values for the variables in Table 1 were distributed equally across the two groups.




3.2. Acute Severity for Hospitalised Patients


Assessment of the acute COVID-19 severity for the patients who had been hospitalised during their acute infection (n = 145) showed that the patients had been admitted for a median of 8 (IQR 5–14) days, 44.2% of the patients had received oxygen therapy, 58.2% had received high flow nasal cannula therapy and 11% had been intubated.




3.3. Physical and Cognitive Function


In total, 125 (43%) patients completed all five tests, i.e., all three physical tests and both cognitive tests. A total of 180 (62%) patients completed all three physical tests and 188 (64%) completed both cognitive tests, respectively. Table 2 shows the patients’ physical and cognitive function overall scores as well as the scores for the non-hospitalised and hospitalised group, respectively. The age- and sex-adjusted analysis showed that compared to the non-hospitalised group, the hospitalised group had statistically significantly lower muscle strength and function in the lower extremities (30 s Sit-to-Stand Test, p = 0.035) as well as lower functional exercise capacity (6MWT, p = 0.024). The mean handgrip strength was similar across the groups. Because of the notion that male sex has a significant positive impact on handgrip strength, the mean HGS score for males and females, respectively, are presented separately for this measure, solely for visual purposes. Regarding the patients’ cognitive function, the hospitalised group presented with a statistically significantly lower cognitive performance compared to the non-hospitalised group (SCIP-D total, p < 0.001), but the executive function performance was similar across the groups (TMT-B, p = 0.164).




3.4. Prevalence and Risk of Physical Impairment


The prevalence of physical impairment is shown in Table 3. The overall prevalence of physical impairment ranged from 23% in functional exercise capacity (6MWT) to 59% in lower extremity muscle strength and function (30 s Sit-to-Stand Test).



There were no statistically significant group differences regarding the risk of physical impairment, when having been exposed to hospitalisation, for any of the three physical function outcome measures (Table 3, OR (95%CI)). When exploring handgrip strength stratified by sex, there was still no statistically significant risk of impairment for either sex regarding having been exposed to hospitalisation (Table 3, OR (95%CI)).



The age- and sex-adjusted analysis showed that the patients in the non-hospitalised group classified in the normal area had statistically significantly higher performance scores in all three physical function outcome measures compared to those classified in the normal area in the hospitalised group. When handgrip strength was stratified by sex, the statistically significant higher performance scores only applied for females classified in the normal area (Table 3). The performance scores for the patients classified in the impaired area were similar across the non-hospitalised and hospitalised groups except for the handgrip strength measure, where the non-hospitalised group had a statistically higher mean score (Table 3).




3.5. Association between Physical and Cognitive Function


In Figure 2, the correlations between the patients’ physical and cognitive function are illustrated. All correlations were statistically significant. Functional exercise capacity (6MWT) correlated moderately with cognitive performance (SCIP) and executive function (TMT-B), respectively. Further, muscle strength and function in the lower extremities (30 s Sit-to-Stand Test) and handgrip strength (HGS), respectively, correlated weakly, but significantly, with both cognitive outcomes.



When stratifying by sex, the correlations remained similar for most outcomes. However, the correlations between handgrip strength (HGS) and both cognitive outcomes went from weak to moderate for men. This also applied for the men regarding the correlations between muscle strength and function in the lower extremities (30 s Sit-to-Stand Test) and cognitive performance (SCIP), and functional exercise capacity (6MWT) and executive function (TMT-B), respectively.




3.6. Physical Function and Possible Explanatory Variables


The multiple linear regression analyses presented in Table 4 show that the proportion of the variance for the three physical function tests, as dependent variables, explained by the deployed independent variables, ranged from 18% for muscle strength and function in the lower extremities to 56% for handgrip strength, respectively. SCIP and age had statistically significant explanatory prediction value for all physical function variables. For functional exercise capacity and for handgrip strength, respectively, sex was also a statistically significant explanatory variable (Table 4). When including TMT-B instead of SCIP in the regression analyses, the same pattern was seen, except that age lost its statistically significant predictor value for muscle strength and function in the lower extremities in this analysis.





4. Discussion


The main findings of this current study were that there was a high prevalence of physical impairment in this large sample of 292 patients assessed in a post-COVID-19 clinic >3 months after illness. Specifically, for functional exercise capacity, handgrip strength and muscle strength and function in the lower extremities, the prevalence was 23%, 36% and 59%, respectively. In contrast with our hypothesis, the risk of having physical impairments >3 months after an acute COVID-19 infection was similar regardless of whether the patients had been hospitalised. Moreover, we found weak to moderate significant associations between all investigated measures of physical and cognitive function in these patients. The multiple regression analyses showed that these associations were not confounded by age, sex, or years of education.



The high prevalence of physical impairment in our study is consistent with other studies of individuals with post-COVID-19 condition [3,15,42]. One large study with previously hospitalised patients found a prevalence of 20% for functional exercise capacity (6MWT), 22% for handgrip strength and 60% for isometric quadriceps strength at a 3-month follow-up after acute hospitalisation due to COVID-19 infection [42]. The prevalence was statistically significantly higher among patients with severe acute COVID-19 disease compared to moderate acute disease [42]. Regarding milder cases without the need for hospitalisation, there are substantially fewer studies on the subject and most of the existing studies present patient-reported symptoms [11,43,44,45]. One of these studies, with mostly non-hospitalised participants (86%), found a prevalence of 94% of patients reporting slight to moderate functional limitations (PCFS score of 2–3) more than 6 months after COVID-19 infection [45], whereas our study found a slightly lower prevalence of 73% reporting a score of more than 2 in the PCFS. Considering these results together in a bigger perspective, together with our findings of the prevalence of physical impairment being similar regardless of hospitalisation, it is apparent that the prevalence of both clinically assessed physical impairment and patient-reported functional limitation is substantial amongst patients in the long term after mild, moderate, and severe COVID-19 infection.



We opted for a cutoff of 75% of the expected performance in the 6MWT as a pragmatic approach to the fact that there was no consensus about what the precise cutoff should be [46]. For example, the beforementioned study [42] used a cutoff value of below 70% to determine physical impairment, where another study [47] proposed that values below 82% of the expected 6MWT performance could be considered abnormal. Therefore, the cutoff of 75% was as an attempt to balance the estimate of the prevalence of impairment in this outcome.



In terms of the cutoff values for determining the impairment of handgrip strength and muscle strength and function in the lower extremities, respectively, the set cutoff values for HGS and the 30 s Sit-to-Stand Test, respectively, were based on a new Danish normative reference material [40] derived from large (n = 1305–8342) Danish population studies including populations with the age span from 18 to >90 years [48,49,50,51]. This made them applicable to our sample containing a Danish population with a relatively broad age span. Noting that the 30 s Sit-to-Stand Test reference values, traditionally used for determining muscle strength impairment in the lower extremities, are based on an elderly American population (>60 years) [28], the new Danish material must be considered as a valuable upgrade in the process of valid classification of impairment in this area.



Other relatively new (2013–2016) international (British, Canadian, and German) studies have presented reference values for healthy, populations aged 6–90 years concerning handgrip strength [52,53,54]. Our reference material on handgrip strength [40] accounted for the patients’ sex and age, whereas the beforementioned studies also accounted for the patients’ height [52,54] and body weight [53], as these are factors known to affect handgrip strength. This could be considered a limitation in our study. On the other hand, our material closely matched the participants assessed in our study because the reference data had been developed in the country in which the participants lived.



When comparing the reference material for HGS used in our study to a large (n = 11.790) German population study [54], which found a critically weak grip at 1 SD below the age group specific means for males and females, our material had a slightly higher threshold for impairment in females (a difference of 0.4–0.8 kg at age 20–49 and 1.3–2.3 kg at age 50–90, respectively), young males (difference of 0.6 kg at age 20–29) and for the older males (difference of 1.3–2.2 kg at age 60–90). For males aged 30–39, the materials were similar and for the middle-aged males our material had a slightly lower threshold (difference of −0.4–−0.7 kg at age 40–59) for physical impairment regarding HGS. This could have led to under- or overestimation of the physical impairment for some of the age groups in our study. On the other hand, it could be argued that the differences were below what is considered to be the minimal detectible change score (5.0–6.5 kg) in HGS [55].



Interestingly, we found consistent correlations between all three physical function tests and the two cognition tests, the SCIP total score—a global cognitive performance measure spanning psychomotor speed, learning and memory and working memory—and the TMT-B score, a measure of executive function. These consistent associations between physical and cognitive sequelae of COVID-19 in our sample were remarkable. This might indicate common pathophysiological mechanisms underlying both symptom domains, perhaps through the common effects of mental fatigue and exhaustion. The 6MWT showed the most robust correlation with the cognitive tests, which is in line with what is known about factors reducing the distance walked in the test. In addition to female sex, shorter height and higher body weight, cognitive impairment is a contributing factor for reduced walking distance [56]. In this context, it is worth mentioning that the question of cognitive impairment is beyond the scope of this study. A comprehensive analysis of cognitive impairments has been published elsewhere [57]. The 6MWT evaluates the global and integrated responses of the systems involved in exercise [56], including elements of cardiopulmonary endurance, which generally is connected with neurovascular plasticity, neurogenesis and upregulation of neurotrophins that contribute to better brain health [58]. This connection between underlying physiological mechanisms may play a role in the robust correlation found between the patients’ functional exercise capacity and their cognitive function in our sample. The 6MWT can therefore arguably be considered a test of choice in the process of screening patients for post-COVID-19 condition, where patients experience physical and cognitive difficulties.



The clinical implications of this study touch upon the continued need for a multidisciplinary approach in the assessment and rehabilitation of patients with post-COVID-19 condition. After years of living with the pandemic and the changes it has brought to our society, most people now have had the infection and/or are vaccinated. Thus, COVID-19, including the post-COVID-19 condition, is, for the time being, an integrated part of our society, including the health care system. Based on this development, it is crucial for the health care system to ensure a reliable and sustainable basic assessment for patients experiencing long-term sequelae from COVID-19, for instance by including the 6MWT, which is easy, brief, and inexpensive to complete, in the initial screening process. This can facilitate the triage of patients to identify those with more advanced assessment and rehabilitation needs requiring an often more costly, multidisciplinary, and holistic approach in relevant sectors and settings, depending on disease severity and comprehensiveness of the needed assessment and treatment. These perspectives are supported by the findings of a rapid systematic review [59], where international care models for people with post-COVID-19 sequelae include a coordination unit and primary care pathways as well as access to multidisciplinary rehabilitation and specialised medical services.



4.1. Strengths


A strength in our study was the large sample including both previously hospitalised and non-hospitalised patients.



In the classification of physical impairment, we used normative reference material applicable to Danish adults of a broad age span.



The outcome measures included for physical function (6MWT, 30 s Sit-to-Stand Test and HGS) are well validated and because of their generic properties they are highly suitable for this heterogeneous population. These three outcome measures are also commonly used in other studies assessing physical function in patients with post-COVID-19 condition [60,61,62,63]. Both the 6MWT and 30 s Sit-to-Stand Test are recommended in a recent multidisciplinary guideline for the management of patients with post-COVID-19 condition [64], which increases the generalisability of this study. Regarding the cognitive outcome measures, the SCIP test is highly sensitive to cognitive deficits in general and specifically sensitive to the cognitive sequelae of COVID-19 [65].




4.2. Limitations


This was an observational study, which entailed that causality could be drawn from the results.



The patients included in the study were in the process of assessment due to unexpected, or complex and long-term symptoms (≥3 months) after a COVID-19 infection, and some of the previously hospitalised patients were assessed based on a routine referral after hospitalisation, without necessarily having long COVID symptoms. This fairly inconsistent inclusion method might potentially influence the generalisability of the study.



In the 6MWT and the 30 s Sit-to-Stand Test, respectively, patients were only given one trial, which is a deviation from the protocol since there is a known learning effect in these two tests. This might have resulted in patients not being able to perform to their maximal value with the consequence of a possible overestimation of the prevalence of physical impairment in this sample.



Although we included a large sample, the lack of data completeness was a limitation. The PCFS, 6MWT and 30 s Sit-to-Stand Test were added to the test battery later in the process after the post-COVID-19 clinic was initiated, which explained the missing data in these outcomes compared to, e.g., HGS that was a part of the test battery from the beginning.





5. Conclusions


Our study showed that the prevalence of physical impairment in this large sample of patients assessed in a post-COVID-19 outpatient clinic, regarding functional exercise capacity, handgrip strength and muscle strength and function in the lower extremities, was substantial. The patients that were hospitalised during their acute COVID-19 infection did not have increased risk of having physical impairments >3 months after their acute infection compared to patients without the need for hospitalisation. Moreover, we found significant associations between physical and cognitive function in these patients.



These findings highlight the fact that patients referred to post-COVID-19 clinics are challenged in multiple domains simultaneously and that the acute severity of the COVID-19 infection does not necessarily dictate the severity or prevalence of physical impairment. However, further research on the causalities of physical impairment in this patient population is warranted.







Author Contributions


Conceptualization, D.V.G., K.W.M., J.K.P., H.H., D.P., S.J. and C.H.D.; Formal analysis, D.V.G. and C.H.D.; Investigation, H.H., D.P. and S.J.; Methodology, D.V.G., K.W.M., J.K.P., H.H., D.P., S.J. and C.H.D.; Project administration, D.V.G. and C.H.D.; Supervision, K.W.M., H.H., S.J. and C.H.D.; Validation, D.V.G., K.W.M., J.K.P. and C.H.D.; Visualization, D.V.G., K.W.M., H.H., D.P. and C.H.D.; Writing—original draft, D.V.G. and C.H.D.; Writing—review and editing, D.V.G., K.W.M., J.K.P., H.H., D.P., S.J. and C.H.D. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the regional ethics committee (H-20035553).




Informed Consent Statement


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




Data Availability Statement


The raw data are not available to the public according to rules of the Danish Data Protection Agency.




Acknowledgments


We would like to thank the patients for participating in this study, and the multidisciplinary personnel at the post-COVID-19 outpatient clinic at Bispebjerg University Hospital for their commitment and participation.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



COVID-19 Dashboard by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins University (JHU). Available online: https://coronavirus.jhu.edu/map.html (accessed on 9 March 2023).

	



A Clinical Case Definition of Post COVID-19 Condition by a Delphi Consensus, 6 October 2021. 2021. Available online: https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1 (accessed on 14 December 2022).

	



Domingo, F.R.; Waddell, L.A.; Cheung, A.M.; Cooper, C.L.; Belcourt, V.J.; Zuckermann, A.M.E.; Corrin, T.; Ahmad, R.; Boland, L.; Laprise, C.; et al. Prevalence of long-term effects in individuals diagnosed with COVID-19: An updated living systematic review. medRxiv 2021, 2021, 21258317. [Google Scholar] [CrossRef]

	



Carfì, A.; Bernabei, R.; Landi, F. Persistent Symptoms in Patients After Acute COVID-19. JAMA 2020, 324, 603–605. [Google Scholar] [CrossRef] [PubMed]

	



Huang, C.; Huang, L.; Wang, Y.; Li, X.; Ren, L.; Gu, X.; Kang, L.; Guo, L.; Liu, M.; Zhou, X.; et al. 6-month consequences of COVID-19 in patients discharged from hospital: A cohort study. Lancet 2021, 397, 220–232. [Google Scholar] [CrossRef] [PubMed]

	



Garrigues, E.; Janvier, P.; Kherabi, Y.; Le Bot, A.; Hamon, A.; Gouze, H.; Doucet, L.; Berkani, S.; Oliosi, E.; Mallart, E.; et al. Post-discharge persistent symptoms and health-related quality of life after hospitalization for COVID-19. J. Infect. 2020, 81, e4–e6. [Google Scholar] [CrossRef] [PubMed]

	



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. [Google Scholar] [CrossRef]

	



O’Mahoney, L.L.; Routen, A.; Gillies, C.; Ekezie, W.; Welford, A.; Zhang, A.; Karamchandani, U.; Simms-Williams, N.; Cassambai, S.; Ardavani, A.; et al. The prevalence and long-term health effects of Long Covid among hospitalised and non-hospitalised populations: A systematic review and meta-analysis. eClinicalMedicine 2023, 55, 101762. [Google Scholar] [CrossRef]

	



Johnsen, S.; Sattler, S.M.; Miskowiak, K.W.; Kunalan, K.; Victor, A.; Pedersen, L.; Andreassen, H.F.; Jørgensen, B.J.; Heebøll, H.; Andersen, M.B.; et al. Descriptive analysis of long COVID sequelae identified in a multidisciplinary clinic serving hospitalised and non-hospitalised patients. ERJ Open Res. 2021, 7, 00205–2021. [Google Scholar] [CrossRef]

	



Stavem, K.; Ghanima, W.; Olsen, M.K.; Gilboe, H.M.; Einvik, G. Prevalence and Determinants of Fatigue after COVID-19 in Non-Hospitalized Subjects: A Population-Based Study. Int. J. Environ. Res. Public Health 2021, 18, 2030. [Google Scholar] [CrossRef]

	



Tabacof, L.; Tosto-Mancuso, J.; Wood, J.; Cortes, M.; Kontorovich, A.; McCarthy, D.; Rizk, D.; Rozanski, G.; Breyman, E.; Nasr, L.; et al. Post-acute COVID-19 Syndrome Negatively Impacts Physical Function, Cognitive Function, Health-Related Quality of Life, and Participation. Am. J. Phys. Med. Rehabil. 2022, 101, 48–52. [Google Scholar] [CrossRef]

	



Greenhalgh, T.; Knight, M.; A’Court, C.; Buxton, M.; Husain, L. Management of post-acute covid-19 in primary care. BMJ 2020, 370, m3026. [Google Scholar] [CrossRef]

	



Augustin, M.; Schommers, P.; Stecher, M.; Dewald, F.; Gieselmann, L.; Gruell, H.; Horn, C.; Vanshylla, K.; Cristanziano, V.D.; Osebold, L.; et al. Post-COVID syndrome in non-hospitalised patients with COVID-19: A longitudinal prospective cohort study. Lancet Reg. Health Eur. 2021, 6, 100122. [Google Scholar] [CrossRef] [PubMed]

	



Agergaard, J.; Ullahammer, W.M.; Gunst, J.D.; Østergaard, L.; Schiøttz-Christensen, B. Characteristics of a Danish Post-COVID Cohort Referred for Examination due to Persistent Symptoms Six Months after Mild Acute COVID-19. J. Clin. Med. 2022, 11, 7338. [Google Scholar] [CrossRef] [PubMed]

	



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. [Google Scholar] [CrossRef] [PubMed]

	



Nasserie, T.; Hittle, M.; Goodman, S.N. Assessment of the Frequency and Variety of Persistent Symptoms Among Patients With COVID-19: A Systematic Review. JAMA Netw. Open 2021, 4, e2111417. [Google Scholar] [CrossRef] [PubMed]

	



Van den Borst, B.; Peters, J.B.; Brink, M.; Schoon, Y.; Bleeker-Rovers, C.P.; Schers, H.; van Hees, H.W.H.; van Helvoort, H.; van den Boogaard, M.; van der Hoeven, H.; et al. Comprehensive Health Assessment 3 Months After Recovery From Acute Coronavirus Disease 2019 (COVID-19). Clin. Infect. Dis. 2021, 73, e1089–e1098. [Google Scholar] [CrossRef]

	



Cortés-Telles, A.; López-Romero, S.; Figueroa-Hurtado, E.; Pou-Aguilar, Y.N.; Wong, A.W.; Milne, K.M.; Ryerson, C.J.; Guenette, J.A. Pulmonary function and functional capacity in COVID-19 survivors with persistent dyspnoea. Respir. Physiol. Neurobiol. 2021, 288, 103644. [Google Scholar] [CrossRef] [PubMed]

	



World Health Organization. International Classification of Functioning, Disability and Health. Available online: http://apps.who.int/iris/bitstream/handle/10665/42407/9241545429.pdf;jsessionid=71829FB8B8EB3F75F9447EEA6C984D53?sequence=1 (accessed on 29 June 2022).

	



Dani, M.; Dirksen, A.; Taraborrelli, P.; Torocastro, M.; Panagopoulos, D.; Sutton, R.; Lim, P.B. Autonomic dysfunction in ’long COVID’: Rationale, physiology and management strategies. Clin. Med. 2021, 21, e63–e67. [Google Scholar] [CrossRef]

	



Davido, B.; Seang, S.; Tubiana, R.; de Truchis, P. Post-COVID-19 chronic symptoms: A postinfectious entity? Clin. Microbiol. Infect. 2020, 26, 1448–1449. [Google Scholar] [CrossRef]

	



Ashton, R.; Ansdell, P.; Hume, E.; Maden-Wilkinson, T.; Ryan, D.; Tuttiett, E.; Faghy, M. COVID-19 and the long-term cardio-respiratory and metabolic health complications. Rev. Cardiovasc. Med. 2022, 23, 53. [Google Scholar] [CrossRef]

	



NICE. COVID-19 Rapid Guideline: Managing the Long-Term Effects of COVID-19. Available online: https://www.nice.org.uk/guidance/ng188 (accessed on 29 June 2022).

	



Tabbarah, M.; Crimmins, E.M.; Seeman, T.E. The relationship between cognitive and physical performance: MacArthur Studies of Successful Aging. J. Gerontol. A Biol. Sci. Med. Sci. 2002, 57, M228–M235. [Google Scholar] [CrossRef]

	



Clouston, S.A.; Brewster, P.; Kuh, D.; Richards, M.; Cooper, R.; Hardy, R.; Rubin, M.S.; Hofer, S.M. The dynamic relationship between physical function and cognition in longitudinal aging cohorts. Epidemiol. Rev. 2013, 35, 33–50. [Google Scholar] [CrossRef] [PubMed]

	



Holland, A.E.; Spruit, M.A.; Troosters, T.; Puhan, M.A.; Pepin, V.; Saey, D.; McCormack, M.C.; Carlin, B.W.; Sciurba, F.C.; Pitta, F.; et al. An official European Respiratory Society/American Thoracic Society technical standard: Field walking tests in chronic respiratory disease. Eur. Respir. J. 2014, 44, 1428–1446. [Google Scholar] [CrossRef] [PubMed]

	



Wilson, R.C.; Jones, P.W. A comparison of the visual analogue scale and modified Borg scale for the measurement of dyspnoea during exercise. Clin. Sci. 1989, 76, 277–282. [Google Scholar] [CrossRef] [PubMed]

	



Rikli, R.E.; Jones, C.J. Development and Validation of a Functional Fitness Test for Community-Residing Older Adults. J. Aging Phys. Act. 1999, 7, 129–161. [Google Scholar] [CrossRef]

	



Roberts, H.C.; Denison, H.J.; Martin, H.J.; Patel, H.P.; Syddall, H.; Cooper, C.; Sayer, A.A. A review of the measurement of grip strength in clinical and epidemiological studies: Towards a standardised approach. Age Ageing 2011, 40, 423–429. [Google Scholar] [CrossRef]

	



Jensen, J.H.; Støttrup, M.M.; Nayberg, E.; Knorr, U.; Ullum, H.; Purdon, S.E.; Kessing, L.V.; Miskowiak, K.W. Optimising screening for cognitive dysfunction in bipolar disorder: Validation and evaluation of objective and subjective tools. J. Affect. Disord. 2015, 187, 10–19. [Google Scholar] [CrossRef]

	



U.S. Army War Department. Battery army individual test. In Manual of Directions and Scoring; Adjutant General’s Office: Washington, DC, USA, 1944. [Google Scholar]

	



Bowie, C.; Harvey, P. Administration and interpretation of Trail Making Test. Nat. Protoc. 2006, 1, 2277–2281. [Google Scholar] [CrossRef]

	



CAT. The COPD Assessment Test (CAT) For Healthcare Professionals & Researchers. Available online: https://www.catestonline.org/hcp-homepage/academic-researcher.html (accessed on 4 April 2022).

	



UK Research and Innovation. MRC Dyspnoea Scale. Available online: https://www.ukri.org/councils/mrc/facilities-and-resources/find-an-mrc-facility-or-resource/mrc-dyspnoea-scale/ (accessed on 8 April 2022).

	



EuroQol Research Foundation. EQ-5D-5L. Available online: https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/ (accessed on 4 April 2022).

	



Klok, F.A.; Boon, G.; Barco, S.; Endres, M.; Geelhoed, J.J.M.; Knauss, S.; Rezek, S.A.; Spruit, M.A.; Vehreschild, J.; Siegerink, B. The Post-COVID-19 Functional Status scale: A tool to measure functional status over time after COVID-19. Eur. Respir. J. 2020, 56. [Google Scholar] [CrossRef]

	



Broadbent, D.E.; Cooper, P.F.; FitzGerald, P.; Parkes, K.R. The Cognitive Failures Questionnaire (CFQ) and its correlates. Br. J. Clin. Psychol. 1982, 21, 1–16. [Google Scholar] [CrossRef]

	



Charlson, M.E.; Pompei, P.; Ales, K.L.; MacKenzie, C.R. A new method of classifying prognostic comorbidity in longitudinal studies: Development and validation. J. Chronic Dis. 1987, 40, 373–383. [Google Scholar] [CrossRef]

	



Enright, P.L.; Sherrill, D.L. Reference equations for the six-minute walk in healthy adults. Am. J. Respir. Crit. Care Med. 1998, 158 Pt 1, 1384–1387. [Google Scholar] [CrossRef] [PubMed]

	



Kristensen, M.T.; Dall, C.H.; Aadahl, M.; Suetta, C. Systematisk måling af fysisk funktion hos voksne patienter på tværs af diagnoser. UGESKRIFT LÆGER 2022, 184, V02220134. [Google Scholar]

	



Swinscow, T.D.V. Statistics at Square One; John Mark Ockerbloom: Southampton, UK, 1997. [Google Scholar]

	



Lorent, N.; Vande Weygaerde, Y.; Claeys, E.; Guler Caamano Fajardo, I.; De Vos, N.; De Wever, W.; Salhi, B.; Gyselinck, I.; Bosteels, C.; Lambrecht, B.N.; et al. Prospective longitudinal evaluation of hospitalised COVID-19 survivors 3 and 12 months after discharge. ERJ Open. Res. 2022, 8, 00004-2022. [Google Scholar] [CrossRef] [PubMed]

	



Boscolo-Rizzo, P.; Guida, F.; Polesel, J.; Marcuzzo, A.V.; Capriotti, V.; D’Alessandro, A.; Zanelli, E.; Marzolino, R.; Lazzarin, C.; Antonucci, P.; et al. Sequelae in adults at 12 months after mild-to-moderate coronavirus disease 2019 (COVID-19). Int. Forum Allergy Rhinol. 2021, 11, 1685–1688. [Google Scholar] [CrossRef] [PubMed]

	



Blomberg, B.; Mohn, K.G.; Brokstad, K.A.; Zhou, F.; Linchausen, D.W.; Hansen, B.A.; Lartey, S.; Onyango, T.B.; Kuwelker, K.; Sævik, M.; et al. Long COVID in a prospective cohort of home-isolated patients. Nat. Med. 2021, 27, 1607–1613. [Google Scholar] [CrossRef] [PubMed]

	



Nielsen, T.B.; Leth, S.; Pedersen, M.; Harbo, H.D.; Nielsen, C.V.; Laursen, C.H.; Schiøttz-Christensen, B.; Oestergaard, L.G. Mental Fatigue, Activities of Daily Living, Sick Leave and Functional Status among Patients with Long COVID: A Cross-Sectional Study. Int. J. Environ. Res. Public. Health 2022, 19, 14739. [Google Scholar] [CrossRef] [PubMed]

	



Singh, S.J.; Puhan, M.A.; Andrianopoulos, V.; Hernandes, N.A.; Mitchell, K.E.; Hill, C.J.; Lee, A.L.; Camillo, C.A.; Troosters, T.; Spruit, M.A.; et al. An official systematic review of the European Respiratory Society/American Thoracic Society: Measurement properties of field walking tests in chronic respiratory disease. Eur. Respir. J. 2014, 44, 1447–1478. [Google Scholar] [CrossRef]

	



Troosters, T.; Gosselink, R.; Decramer, M. Six minute walking distance in healthy elderly subjects. Eur. Respir. J. 1999, 14, 270–274. [Google Scholar] [CrossRef]

	



Frederiksen, H.; Hjelmborg, J.; Mortensen, J.; McGue, M.; Vaupel, J.W.; Christensen, K. Age trajectories of grip strength: Cross-sectional and longitudinal data among 8342 Danes aged 46 to 102. Ann. Epidemiol. 2006, 16, 554–562. [Google Scholar] [CrossRef]

	



Aadahl, M.; Beyer, N.; Linneberg, A.; Thuesen, B.H.; Jørgensen, T. Grip strength and lower limb extension power in 19-72-year-old Danish men and women: The Health2006 study. BMJ Open 2011, 1, e000192. [Google Scholar] [CrossRef]

	



Hansen, A.W.; Beyer, N.; Flensborg-Madsen, T.; Grønbæk, M.; Helge, J.W. Muscle strength and physical activity are associated with self-rated health in an adult Danish population. Prev. Med. 2013, 57, 792–798. [Google Scholar] [CrossRef] [PubMed]

	



Suetta, C.; Haddock, B.; Alcazar, J.; Noerst, T.; Hansen, O.M.; Ludvig, H.; Kamper, R.S.; Schnohr, P.; Prescott, E.; Andersen, L.L.; et al. The Copenhagen Sarcopenia Study: Lean mass, strength, power, and physical function in a Danish cohort aged 20-93 years. J. Cachexia Sarcopenia Muscle 2019, 10, 1316–1329. [Google Scholar] [CrossRef] [PubMed]

	



Spruit, M.A.; Sillen, M.J.; Groenen, M.T.; Wouters, E.F.; Franssen, F.M. New normative values for handgrip strength: Results from the UK Biobank. J. Am. Med. Dir. Assoc. 2013, 14, 775.e5-11. [Google Scholar] [CrossRef]

	



Wong, S.L. Grip strength reference values for Canadians aged 6 to 79: Canadian Health Measures Survey, 2007 to 2013. Health Rep. 2016, 27, 3–10. [Google Scholar] [PubMed]

	



Steiber, N. Strong or weak handgrip? Normative reference values for the German population across the life course stratified by sex, age, and body height. PLoS ONE 2016, 11, e0163917. [Google Scholar] [CrossRef]

	



Bohannon, R.W. Minimal clinically important difference for grip strength: A systematic review. J. Phys. Ther. Sci. 2019, 31, 75–78. [Google Scholar] [CrossRef] [PubMed]

	



ATS statement: Guidelines for the six-minute walk test. Am. J. Respir. Crit. Care Med. 2002, 166, 111–117. [CrossRef] [PubMed]

	



Miskowiak, K.W.; Pedersen, J.K.; Gunnarsson, D.V.; Roikjer, T.K.; Podlekareva, D.; Hansen, H.; Dall, C.H.; Johnsen, S. Cognitive impairments among patients in a long-COVID clinic: Prevalence, pattern and relation to illness severity, work function and quality of life. J. Affect. Disord. 2022, 324, 162–169. [Google Scholar] [CrossRef]

	



Wang, R.; Holsinger, R.M.D. Exercise-induced brain-derived neurotrophic factor expression: Therapeutic implications for Alzheimer’s dementia. Ageing Res. Rev. 2018, 48, 109–121. [Google Scholar] [CrossRef]

	



Décary, S.; Dugas, M.; Stefan, T.; Langlois, L.; Skidmore, B.; Bhéreur, A.; LeBlanc, A.; Services, A.H.; Hastings, S.; Manns, B.; et al. Care Models for Long COVID: A Rapid Systematic Review. medRxiv 2021, 2021, 21266404. [Google Scholar] [CrossRef]

	



Fugazzaro, S.; Contri, A.; Esseroukh, O.; Kaleci, S.; Croci, S.; Massari, M.; Facciolongo, N.C.; Besutti, G.; Iori, M.; Salvarani, C.; et al. Rehabilitation Interventions for Post-Acute COVID-19 Syndrome: A Systematic Review. Int. J. Environ. Res. Public Health 2022, 19, 5185. [Google Scholar] [CrossRef] [PubMed]

	



Nambi, G.; Abdelbasset, W.K.; Alrawaili, S.M.; Elsayed, S.H.; Verma, A.; Vellaiyan, A.; Eid, M.M.; Aldhafian, O.R.; Nwihadh, N.B.; Saleh, A.K. Comparative effectiveness study of low versus high-intensity aerobic training with resistance training in community-dwelling older men with post-COVID 19 sarcopenia: A randomized controlled trial. Clin. Rehabil. 2021, 36, 59–68. [Google Scholar] [CrossRef]

	



Liu, K.; Zhang, W.; Yang, Y.; Zhang, J.; Li, Y.; Chen, Y. Respiratory rehabilitation in elderly patients with COVID-19: A randomized controlled study. Complement. Ther. Clin. Pract. 2020, 39, 101166. [Google Scholar] [CrossRef] [PubMed]

	



Li, J.; Xia, W.; Zhan, C.; Liu, S.; Yin, Z.; Wang, J.; Chong, Y.; Zheng, C.; Fang, X.; Cheng, W.; et al. A telerehabilitation programme in post-discharge COVID-19 patients (TERECO): A randomised controlled trial. Thorax 2022, 77, 697. [Google Scholar] [CrossRef] [PubMed]

	



Maley, J.H.; Alba, G.A.; Barry, J.T.; Bartels, M.N.; Fleming, T.K.; Oleson, C.V.; Rydberg, L.; Sampsel, S.; Silver, J.K.; Sipes, S.; et al. Multi-disciplinary collaborative consensus guidance statement on the assessment and treatment of breathing discomfort and respiratory sequelae in patients with post-acute sequelae of SARS-CoV-2 infection (PASC). PM&R 2022, 14, 77–95. [Google Scholar] [CrossRef]

	



Miskowiak, K.W.; Fugledalen, L.; Jespersen, A.E.; Sattler, S.M.; Podlekareva, D.; Rungby, J.; Porsberg, C.M.; Johnsen, S. Trajectory of cognitive impairments over 1 year after COVID-19 hospitalisation: Pattern, severity, and functional implications. Eur. Neuropsychopharmacol. 2022, 59, 82–92. [Google Scholar] [CrossRef]








[image: Ijerph 20 05866 g001 550] 





Figure 1. Flowchart over inclusion of patients. 
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Figure 2. Scatterplots of correlation between physical and cognitive test scores. Green dots are individual cognitive and physical test scores for the respective measures. The blue lines are fitted lines. The gray areas represent the 95% CI. Statistically significant correlations are denoted with a *. (a) 6MWT values on both upper and lower x-axis, SCIP values on the upper y-axis and TMT-B values on the lower y-axis; (b) 30 s Sit-to-Stand Test values on both upper and lower x-axis, SCIP values on the upper y-axis and TMT-B values on the lower y-axis; (c) HGS values on both upper and lower x-axis, SCIP values on the upper y-axis and TMT-B values on the lower y-axis. For all three physical function tests as well as for the SCIP, a higher score equals a better performance. For TMT-B, a lower score equals a better performance. Abbreviations: rep, repetitions; 6MWT, the 6-Minute Walk Test; m, metres; HGS, handgrip strength; kg, kilograms; SCIP-D, Screen for Cognitive Impairment in Psychiatry—Danish Version 3; TMT-B, the Trail Making Test-Part B; sec, seconds. 
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Table 1. Participant characteristics, sociodemographic and patient reported data.
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Sociodemographic Data

	
Overall

n = 292

	
Non-Hospitalised

n = 147

	
Hospitalised

n = 145

	
p-Value






	
Age, years, mean (SD)

	
51.9 (15.2)

	
45.7 (14.3)

	
58.2 (13.3)

	
<0.001 *




	
Sex




	
Women, n (%)

	
164 (56.2)

	
112 (76.2)

	
52 (35.9)

	
<0.001 *




	
Men, n (%)

	
128 (43.8)

	
35 (23.8)

	
93 (64.1)




	
Race or ethnic group (missing, n = 6)




	
Caucasian, n (%)

	
212 (74.1)

	
120 (81.6)

	
92 (63.5)

	
<0.001 *




	
Other, n (%)

	
74 (25.9)

	
22 (15.0)

	
52 (35.9)




	
BMI (missing, n = 3)




	
kg x m−2, mean (SD)

	
27.3 (12.1)

	
25.2 (3.9)

	
29.4 (5.9)

	
<0.001 *




	
> 30 kg x m−2, n (%)

	
69 (23.9)

	
14 (9.5)

	
55 (37.9)

	
0.181




	
Smoking (missing, n = 41)




	
Never smoker, n (%)

	
143 (57.1)

	
76 (51.7)

	
67 (46.2)

	
0.659




	
Current smoker, n (%)

	
16 (6.4)

	
12 (8.2)

	
4 (2.8)




	
Previous smoker, n (%)

	
92 (36.7)

	
39 (26.5)

	
53 (36.6)




	
Time since cessation, median years (IQR)

	
15.0 (5.1–30.0)

	
10.0 (4.0–25.0)

	
21.5 (11.0–40.0)

	
0.002 *




	
Work status (missing, n = 53)




	
Currently working, n (%)

	
162 (68.6)

	
101 (68.7)

	
61 (42.1)

	
<0.022 *




	
Out of work, n (%)

	
34 (14.2)

	
15 (10.2)

	
19 (13.1)




	
Retired, n (%)

	
43 (18.0)

	
6 (4.1)

	
37 (25.5)




	
Comorbidities




	
CCI, median (IQR) (missing, n = 61)

	
2.0 (1.0–3.0)

	
1.0 (0.0–2.0)

	
3.0 (1.0–4.0)

	
<0.001 *




	
Asthma, n (%) (missing, n = 40)

	
46 (18.3)

	
15 (10.2)

	
31 (21.4)

	
<0.001 *




	
COPD, n (%) (missing, n = 39)

	
8 (3.2)

	
3 (2.0)

	
5 (3.5)

	
0.532




	
Time since COVID-19 infection, days, mean (SD)

(missing, n = 102)

	
217.2 (111.5)

	
261.4 (115.6)

	
166.1 (148.9)

	
<0.001 *




	
Patient reported measures




	
Education, years, mean (SD) (missing, n = 95)

	
15.3 (4.0)

	
15.6 (3.9)

	
14.9 (4.1)

	
0.343




	
MRC score, mean (SD) (missing, n = 59)

	
2.2 (0.8)

	
2.1 (0.7)

	
2.2 (1.0)

	
0.290




	
CAT score, mean (SD) (missing, n = 55)

	
13.9 (7.3)

	
14.7 (7.1)

	
13.0 (7.4)

	
0.678




	
PCFS score pre-COVID-19, median (IQR) (missing, n = 121)

	
0.0 (0.0–0.0)

	
0.0 (0.0–0.0)

	
0.0 (0.0–0.5)

	
0.656




	
PCFS score post-COVID-19, median (IQR) (missing, n = 117)

	
2.0 (1.0–3.0)

	
2.0 (2.0–3.0)

	
2.0 (1.0–3.0)

	
0.914




	
EQ-5D-5L index, median (IQR) (missing, n = 87)

	
0.84 (0.71–0.93)

	
0.86 (0.65–0.95)

	
0.82 (0.73–0.91)

	
0.580




	
EQ-5D-5L VAS, median (IQR) (missing, n = 87)

	
70.0 (50.0–70.0)

	
66.0 (50.0–80.0)

	
70.0 (50.0–75.0)

	
0.561




	
CFQ total, mean (SD) (missing, n = 94)

	
38.1 (17.5)

	
40.6 (17.4)

	
35.3 (17.4)

	
0.959




	
Rehabilitation plan (yes), n (%)

	
69 (23.6)

	
47 (32.0)

	
22 (15.2)

	
0.001 *








Any statistically significant difference between the non-hospitalised and the hospitalised group is denoted with a *, significance level: p < 0.05. Analyses are age- and sex-adjusted. Abbreviations: SD, standard deviation; BMI, body mass index; IQR, interquartile range; CCI, Charlson Comorbidity Index; COPD, chronic obstructive pulmonary disease; MRC, Medical Research Council Dyspnoea Score; CAT, COPD Assessment Test; PCFS, Post-COVID-19 Functional Status Scale; EQ-5D-5L, the 5 Dimension 5 Level Quality of Life Questionnaire; VAS, Visual Analog Scale; CFQ, the Cognitive Failures Questionnaire.
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Table 2. Physical and cognitive function scores.
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Physical Function Tests

	
n

	
Overall

	
n

	
Non-Hospitalised

	
n

	
Hospitalised

	
p-Value






	
30 s Sit-to-Stand Test, rep, mean (SD)

	
181

	
14.3 (6.0)

	
100

	
15.1 (6.5)

	
81

	
13.4 (5.3)

	
0.035 *




	
6MWT, m, mean (SD)

	
180

	
489.5 (138.7)

	
99

	
507.9 (121.5)

	
81

	
467.0 (155.0)

	
0.024 *




	
HGS, kg, mean (SD)

	
237

	
33.0 (12.0)

	
124

	
31.2 (10.2)

	
113

	
34.9 (13.7)

	
0.904




	
HGS, females, kg, mean (SD)

	
134

	
26.0 (7.9)

	
94

	
27.2 (6.3)

	
40

	
25.3 (10.8)

	
0.835




	
HGS, males, kg, mean (SD)

	
103

	
41.3 (11.6)

	
30

	
40.2 (12.2)

	
73

	
44.0 (9.5)

	
0.992




	
Cognitive tests

	




	
SCIP-D total, points, mean (SD)

	
196

	
70.4 (14.1)

	
105

	
75.2 (10.8)

	
91

	
64.8 (15.4)

	
<0.001 *




	
TMT-B, seconds, mean (SD)

	
189

	
100.3 (50.2)

	
103

	
88.8 (44.5)

	
86

	
113.9 (53.3)

	
0.164








Any statistically significant difference between the non-hospitalised and the hospitalised group is denoted with a *, significance level: p < 0.05. Analyses are age- and sex-adjusted. Abbreviations: SD, standard deviation; rep, repetitions; 6MWT, the 6-Minute Walk Test; m, metres; HGS, handgrip strength; kg, kilograms; SCIP-D, Screen for Cognitive Impairment in Psychiatry—Danish Version 3; TMT-B, the Trail Making Test-Part B.
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Table 3. Prevalence of physical impairment and mean scores in the overall, non-hospitalised and hospitalised group, respectively. p-values apply for the comparison of means in the non-hospitalised vs. hospitalised group. Odds ratios (OR) apply for physical impairment in the non-hospitalised vs. the hospitalised group.
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Overall

	
Non-Hospitalised

	
Hospitalised

	
p-Value

	
OR (95%CI)






	
Functional exercise capacity (6MWT), n = 180




	
Normal, n (%)

m, mean (95%CI)

	
139 (77)

540.2 (526.7–553.7)

	
79 (80)

546.7 (529.8–563.7)

	
60 (74)

531.6 (509.2–554.1)

	
0.031 *

	
1.38

(0.65–2.95)




	
Impaired, n (%)

m, mean (95%CI)

	
41 (23)

317.6 (268.4–366.9)

	
20 (20)

354.5 (285.6–423.3)

	
21 (26)

282.6 (209.8–355.4)

	
0.632




	
Muscle strength and function in the lower extremities (30 s Sit-to-Stand Test), n = 181




	
Normal, n (%)

rep, mean (95%CI)

	
75 (41)

18.8 (17.6–20.0)

	
41 (41)

20.2 (18.5–22.0)

	
34 (42)

17.1 (15.5–18.6)

	
0.049 *

	
0.95

(0.51–1.82)




	
Impaired, n (%)

rep, mean (95%CI)

	
106 (59)

11.2 (10.4–12.1)

	
59 (59)

11.5 (10.4–12.6)

	
47 (58)

11.0 (9.7–12.3)

	
0.766




	
Handgrip strength (HGS), n = 237




	
Normal, n (%)

kg, mean (95%CI)

	
152 (64)

37.7 (35.8–39.5)

	
83 (67)

34.2 (32.0–36.4)

	
69 (61)

41.8 (39.1–44.5)

	
<0.003 *

	
1.29

(0.73–2.28)




	
Impaired, n (%)

kg, mean (95%CI)

	
85 (36)

24.7 (22.9–26.5)

	
41 (33)

25.3 (23.0–27.7)

	
44 (39)

24.1 (21.3–26.9)

	
<0.011 *




	
Handgrip strength (HGS)—Females, n = 134




	
Normal, n (%)

kg, mean (95%CI)

	
86 (64)

30.2 (45.3–49.5)

	
63 (47)

29.7 (28.3–31.0)

	
23 (17)

31.6 (28.0–35.1)

	
<0.001 *

	
1.50

(0.65–3.43)




	
Impaired, n (%)

kg, mean (95%CI)

	
48 (36)

20.3 (18.5—22.1)

	
31 (23)

22.2 (20.4–24.0)

	
17 (13)

16.8 (13.4–20.2)

	
0.063




	
Handgrip strength (HGS)—Males, n = 103




	
Normal, n (%)

kg, mean (95%CI)

	
66 (64)

47.4 (45.3–49.5)

	
20 (67)

48.5 (45.0–52.0)

	
46 (63)

46.9 (44.3–49.6)

	
0.268

	
1.17

(0.44–3.24)




	
Impaired, n (%)

kg, mean (95%CI)

	
37 (36)

30.4 (28.0–32.9)

	
10 (33)

35.0 (31.7–38.3)

	
27 (37)

28.7 (25.9–31.6)

	
0.070








Any statistically significant difference between the non-hospitalised and the hospitalised group is denoted with a *, significance level: p < 0.05. Analyses are age- and sex-adjusted. Abbreviations: OR, odds ratio; 6MWT, the 6-Minute Walk Test; m, meters; 95%CI, 95% confidence interval; rep, repetitions; HGS, handgrip strength; kg, kilograms.
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Table 4. Multiple linear regression with the three physical function tests as dependent outcomes and SCIP, age, sex, and education years as independent variables, respectively.
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Coefficient

	
95%CI

	
p-Value






	
Functional Exercise Capacity (6MWT)




	
R2 = 0.27




	
SCIP

	
3.08

	
1.38–4.78

	
<0.001 *




	
Age

	
−2.15

	
−3.39–−0.92

	
0.001 *




	
Sex (female)

	
−46.92

	
−84.67–−9.15

	
0.015 *




	
Education years

	
−1.95

	
−6.95–3.05

	
0.442




	
Muscle strength and function in the lower extremities (30 s Sit-to-Stand Test)




	
R2 = 0.18




	
SCIP

	
0.12

	
0.04–0.21

	
0.006 *




	
Age

	
−0.09

	
−0.16–−0.03

	
0.006 *




	
Sex (female)

	
−1.69

	
−3.64–0.27

	
0.090




	
Education years

	
−0.07

	
−0.33–0.19

	
0.573




	
Handgrip strength (HGS)




	
R2 = 0.56




	
SCIP

	
0.17

	
0.07–0.27

	
0.001 *




	
Age

	
−0.21

	
−0.29–−0.13

	
0.000 *




	
Sex (female)

	
−16.48

	
−18.85–−14.11

	
0.000 *




	
Education years

	
−0.02

	
−0.35–0.30

	
0.881








Any statistically significant explanatory variable is denoted with a *, significance level: p < 0.05. Abbreviations: 95%CI, 95% confidence interval; R2, R-square; 6MWT, the 6-Minute Walk Test; HGS, handgrip strength; SCIP-D, Screen for Cognitive Impairment in Psychiatry—Danish Version 3; TMT-B, the Trail Making Test-Part B.
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