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Abstract 

Background: COVID‑19 has affected older persons the most. The propensity to have severe COVID‑19 or die of the 
infection was especially prevalent among older subjects with multimorbidity, frailty and sarcopenia. The aim of our 
study was to check which of the simple clinical biomarkers, including the assessment of muscle and frailty, would 
associate with the survival and the length of hospital stay in older patients with COVID‑19. An additional aim was to 
report the influence of chronic diseases, chronic medication use, and COVID‑19 signs and symptoms on the afore‑
mentioned outcome measures.

Methods: The CRACoV study was a prospective single‑center (University Hospital in Krakow, Krakow, Poland) obser‑
vational study of clinical outcomes in symptomatic COVID‑19 patients that required hospital treatment. We analysed 
data of persons aged ≥ 65 years. We assessed muscular parameters in accordance with EWGSOP2, frailty with the 
Rockwood Clinical Frailty Scale. We used the data of the initial and 3‑month assessment. Demographic characteristics, 
past medical history, and baseline laboratory values were gathered as a part of routine care. We calculated sex and 
age, and additionally number‑of‑diseases adjusted odds ratios of mortality associated with studied factors and betas 
of the relation with these factors and the length of hospital stay.

Results: The mean (standard deviation, SD) age of 163 participants (44.8% women, 14.8% died) was 71.8 (5.6) years, 
age range 65–89 years. One score greater SARC‑F was associated with 34% (p = 0.003) greater risk of death, and 16.8 h 
longer hospital stay (p = 0.01). One score greater Rockwood was associated with 86% (p = 0.002) greater risk of death, 
but was unrelated to the length of hospital stay. Hand grip strength and dynapenia were unrelated to mortality, but 
dynapenia was related to longer hospital stay. Probable sarcopenia was associated with 441% (p = 0.01) greater risk of 
death.
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Introduction
COVID-19 has affected older persons the most. The 
propensity to have severe COVID-19 or die of the 
infection was especially prevalent among older sub-
jects with multimorbidity, frailty and sarcopenia [1, 2]. 
What these persons have in common is the narrowed 
ability to adequately compensate for the changes in the 
internal and external environment, higher degree of 
baseline age-related inflammation usually referred to 
as ‘inflammageing’, and higher overall risk of adverse 
health-related outcomes including high risk of cardio-
vascular events [3, 4].

Skeletal muscle undergoes a profound change with 
ageing. When pathologically advanced, this change 
may assume a form of dynapenia, namely low muscle 
strength [5]. When it couples with low muscle mass 
we diagnose sarcopenia, as indicated in the European 
Working Group on Sarcopenia in Older People revised 
guidelines (EWGSOP2) [6]. Sarcopenia as an age-related 
loss of muscle mass and function is an important ele-
ment of physical frailty [7]. The SARS-CoV-2 infection 
with severe inflammation and high catabolism may have 
a great impact on the structure and function of skeletal 
muscle [8]. Such acute sarcopenia may adversely influ-
ence the course of the infection in the older patient, 
thus adding to the already high burden of the disease. 
Some data suggest that sarcopenia at the time of hospi-
tal admission may influence the length of hospital stay 
or may increase mortality in patients with moderate to 
severe COVID-19 [9, 10].

There are several tools to assess muscle mass, strength, 
and performance [5]. Some of these can be used at the 
bedside and have been shown to be related to all-cause 
mortality and outcome in chronic and acute diseases, 
including COVID-19 [2, 11].

There is still a relative paucity of data concerning the 
acute change, and its direction (i.e. increase or decrease), 
of muscle mass and strength in hospitalized older 
patients with COVID-19. Likewise, relatively little is 
known about the relation between simple clinical meas-
ures of sarcopenia, dynapenia and muscle strength on 
one hand and mortality and length of hospital stay due 
to COVID-19 on the other, especially, in the context of 
diseases, medications, and symptoms of COVID-19. Still 
less data are available pertaining to relatively healthy 
older persons, with good overall functional status. This 

may be of special importance as deaths from COVID-19, 
or the development of the post-COVID-19 syndrome, 
occurred also in young and apparently healthy and fit 
persons [12].

The aim of our study was to check which of the bio-
markers, including simple clinical biomarkers for the 
assessment of muscle-related health, frailty, chronic dis-
eases, chronic medication use, and COVID-19 signs and 
symptoms would be associated with risk of poor survival 
and the increased length of hospital stay in older patients 
with COVID-19.

Materials and methods
We analysed data of persons aged ≥ 65 years enrolled in 
the multidisciplinary study of SARS-CoV-2 infection in 
a population of adults hospitalized due to COVID-19 
infection (CRACoV-HHS: CRAcow in CoVid pandemic 
— Home, Hospital and Staff). The design of the CRACoV 
study, a prospective single-center (University Hospital in 
Krakow, Krakow, Poland) observational study of clinical 
outcomes of symptomatic COVID-19 patients, has been 
described in detail elsewhere [13]. Briefly, patients 65 
years of age or older who were hospitalized from Janu-
ary 2021 to June 2021, in dedicated COVID-19 wards of 
the University Hospital in Krakow were invited to partici-
pate in a geriatric sub-study of the project. We arbitrar-
ily assumed that the difference of 4  kg in the hand grip 
strength would be clinically relevant and reproducible 
change. We found that a sample of 100 persons would 
be enough to detect a clinically relevant difference in 
the hand grip strength by standardised difference of 0.5 
with the power 80% and the standardised difference of 
0.7 with the power of 95%, and that 200 patients would 
be required to detect the standardised mean difference of 
0.45 with the power of 90% and the standardised mean 
difference of 0.4 with the power of 80%, all at 5% signif-
icance level. The protocol of the study provided for the 
inclusion of 180 patients. Such sample, assuming the 
possible 30% discontinuation rate, should be enough to 
meet the predefined sample-size criteria. We included 
all consecutive patients meeting the age criterion who at 
the time of admission did not require intensive care. The 
exclusion criterion was the inability to sign informed con-
sent to participate. The participants were consecutively 
assessed by certified physiotherapists or geriatricians. 
The assessment was performed on hospital admission 

Conclusions: In conclusion, the patient assessment with SARC‑F and the Rockwood Clinical Frailty Scale may signifi‑
cantly improve the prediction of outcomes in older patients with COVID‑19 and by extension might be of use in other 
acute severe infections. This, however, requires further research to confirm.
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and at a 3-month follow-up outpatient visit. A simpli-
fied screening assessment for sarcopenia (SARC-F, an 
evaluation battery of 5 questions), and frailty syndrome 
(Rockwood Clinical Frailty Scale, a descriptive evaluation 
battery with 9 levels of functionality which is based on 
assessment of disease, physical activity, and dependence) 
has been performed with the use of validated tools [14, 
15]. Sarcopenia and dynapenia were diagnosed accord-
ing to the EWGSOP2 guidelines [6]. Muscle strength was 
measured during each assessment session, three times 
for each hand in a standard sitting position with a hand-
held dynamometer (Jamar®5030J1). The highest value of 
muscle strength of the dominant hand was used for the 
subsequent analyses. Low muscle strength (dynapenia) 
was diagnosed if the muscle strength was lower than 
16 kg for women and 27 kg for men, respectively. Accord-
ing to the EWGSOP2 algorithm, probable sarcopenia 
was diagnosed in patients with SARC-F ≥ 4 points with 
coexisting dynapenia [6]. Calf circumference of the domi-
nant leg was used as a proxy measure for skeletal muscle 
mass. We measured body weight and height and calcu-
lated body mass index (kg/m2). We collected information 
concerning the signs and symptoms of COVID-19, the 
data enabling the disease severity assessment according 
to the National Institutes of Health (NIH) classification 
(into asymptomatic, mild, moderate, severe, and critical), 
and chronic medications and comorbidities [16]. Demo-
graphic characteristics and baseline laboratory values 
were gathered as part of routine care. The blood oxygen 
saturation  (SpO2) was measured using finger pulseoxime-
ter. Tachypnea was defined as a respiratory rate of ≥ 20/
min. The length of hospital stay was time from admis-
sion to emergency department to final hospital discharge. 
The survival was ascertained at the time of the follow-
up outpatient visit after three months post discharge. In 
the case of patients who did not attend, vital status was 
assessed using the information embedded in the hospi-
tal electronic health records, and over the telephone with 
the proxy indicated in the medical documentation.

As a part of a history, we obtained information on 
any new sign or symptom that was associated with 
the COVID-19 infection that was the cause for hospi-
talisation. We also obtained an information concerning 
medical history and current medications from 14 pre-
specified classes, and further corroborated with medical 
documentation as supplied by the patient’s family, includ-
ing the list of current medications. In the case of patients 
previously hospitalised in our hospital we checked the 
previous diagnoses and the recent prescription. The list 
of chronic conditions and groups of conditions reported 
on admission included: depression, immune diseases, 
liver diseases, cancer (past and active), thyroid disease, 
chronic kidney disease, deep vein thrombosis, peripheral 

arterial disease, diabetes mellitus, hypertension, previous 
stroke, previous myocardial infarction, atrial fibrillation, 
heart failure, coronary heart disease, chronic obstructive 
pulmonary disease and asthma.

As part of standard hospital procedures blood samples 
were obtained at the baseline for the standard assess-
ment of c-reactive protein (CRP) and interleukin 6 (IL-6) 
assays.

The study was approved by the Bioethics Committee 
of Jagiellonian University Medical College in Krakow, 
Poland (number: 1072.6120.333.2020). All participants 
signed informed consent to take part.

Statistical analysis
Data management and analyses were performed with 
SAS 9.4 (SAS Institute Inc., Cary, NC, USA). Continu-
ous variables were compared with a standard normal Z 
test of Wilcoxon’s test as appropriate; proportions were 
compared with a chi-square test. Ordinal descriptive 
variables such as Rockwood Clinical Frailty Scale and 
the disease severity assessment according to the National 
Institutes of Health (NIH) classification, were recoded 
into linear numerical ordinal variables. We modelled the 
probability of death using logistic regression models with 
the adjustment for sex and age, and the additional adjust-
ment for number of diseases present, or, in the case of 
medications, for the potential indications. We also fitted 
similarly adjusted models with the length of hospital stay 
as a dependent variable. In the final step of our regression 
analyses we re-run all logistic regression models 2 with 
additional stepwise adjustment for factors that in our 
analyses turned out to be significantly associated with 
fatal outcome. We adopted a 5% two-sided value for sta-
tistical significance.

Results
The groups characteristics
The mean (standard deviation, SD) age of 163 partici-
pants (44.8% women) was 71.8 (5.6) years, age range 
65–89 years. Twenty-four (14.7%) died. Patients were on 
average (SD) burdened with 2.9 (2.2) diseases, ranging 
0–14. Multimorbidity was present in 68.5% and was sig-
nificantly more frequent in persons who died compared 
with survivors (91.7% vs. 64.5%, p = 0.008). Compared 
with those who survived 3 months, patients who died 
had greater median (5–95 percentile) SARC-F (2 [0–9] 
vs. 1 [0–7] p = 0.007), greater Rockwood Clinical Frailty 
Scale (2.5 [0–9] vs. 2 [0–4], p = 0.04), and greater number 
of diseases (4 [1-9] vs. 2 [0–7], p < 0.0001). The mean BMI 
was 29.1 (5.1) kg/m2, the calf circumference was 36.8 
(4.3) cm, and the hand grip strength was 23.3 (10.8) kg 
[16.4 (7.0) and 28.9 (10.1) kg for women and men respec-
tively, [p < 0.0001]. There were no differences in initial 
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median pO2 (91 [80–100]%). Among survivors, by the 
3-month follow-up visit, hand grip strength increased 
by 5.3 (6.0) kg in women, and 9.2 (8.7) kg in men (p 
for change and between gender comparison < 0.0001). 
Dynapenia was present in 40.3% participants, and its 
frequency did not significantly differ between those who 
died and survived (56.5% vs. 37.5%, p = 0.09). At base-
line patients on average (SD) had a SARC-F score of 1.9 
(2.5), range 0–10. Based on SARC-F 22.2%, and based on 
SARC-F combined with dynapenia 14.7%, patients had 
suspected, and probable sarcopenia, respectively. The 
corresponding values for Rockwood Clinical Frailty Scale 
was 2.0 (1.3), range 0–6. Based on Rockwood Clinical 
Frailty Scale 29.6% of patients were pre-frail or frail. The 
baseline severity of the disease (NIH) was 2.2 (0.9) and it 
did not differ between survivors and non-survivors. The 
median (5th-95th percentile) admission C-reactive pro-
tein (CRP) in patients who have died was 93.1 (2.0-221.0) 
mg/l and was higher than in survivors (53.6 [6.5–169.0] 
mg/l, p = 0.02). Admission interleukin 6 (IL-6) was 55.8 
(7.6–1781.0) pg/ml in patients who died and was greater 
than in survivors (25.6 [2.5-135.3] pg/ml, p = 0.04). The 
mean (SD) length of hospital stay was 16.1 (8.3) days The 
frequencies of particular diseases, signs and symptoms, 
and medications are contained in Table 1. 

Mortality and length of stay as function 
of measures‑of‑muscle
Of the included patients 14.8% died. SARC-F (p = 0.003), 
and Rockwood Clinical Frailty Scale (p = 0.002), in sepa-
rate logistic regression models, each time with adjust-
ment for sex and age, were related to mortality (Table 2). 
In analogous linear regression models, length of stay 
was related to dynapenia (p = 0.03), calf circumference 
(p = 0.01), and SARC-F (p = 0.01). One score greater 
SARC-F was associated with 34% (p = 0.003) greater 
risk of death, and 16.8  h longer hospital stay (p = 0.01). 
One score greater Rockwood was associated with 86% 
(p = 0.002) greater risk of death, but was unrelated to 
the length of hospital stay. After additional adjustment 
for number of diseases, mortality was related to SARC-F 
(p < 0.05), and Rockwood Clinical Frailty Scale (p = 0.05). 
After additional adjustment for the number of diseases 
present, none of the measures-of-muscle were related to 
the length of stay (Table 2). The hand grip strength meas-
ured at the beginning of hospitalisation did not influence 
mortality or length of hospital stay. The probable sarco-
penia was significantly associated with worse survival in 
both models (both p ≤ 0.03) but was not related to the 
length of hospital stay. Probable sarcopenia was associ-
ated with 441% (p = 0.01) greater risk of death. After addi-
tional adjustments (stepwise selection optimised models 
2s) probable sarcopenia (OR 6.25 [1.24–31.49], p = 0.03) 

retained its significance in prediction of fatal events. Of 
note, tachypnoea (OR 1.28 [95%CI 1.06–1.54], p = 0.002), 
number of diseases (OR 1.49 [1.16–1.91], p = 0.009) and 
active cancer (OR 9.10 [1.27–65.2], p = 0.03) were signifi-
cantly associated with the risk of death. When CRP and 
IL-6 were additionally offered in the stepwise procedure, 
probable sarcopenia lost its significance. In this model 
CRP was a significant predictor of fatal outcome (OR 
1.01 [1.00- 1.03], p = 0.02). 

Mortality and length of hospital stay as functions 
of diseases, signs and symptoms, and medications
Greater number of chronic diseases, and in a separate 
model multimorbidity, with adjustment for sex and age, 
were associated with higher risk of death (both p ≤ 0.02). 
They were also associated with longer length of hospi-
tal stay (both p ≤ 0.03) (Table  2). Of the diseases, cur-
rent cancer, chronic obstructive pulmonary disease, 
chronic kidney disease, previous stroke, atrial fibrilla-
tion, heart failure, previous myocardial infarction, and 
coronary artery disease adversely affected the chance 
of survival (all p ≤ 0.05) (Fig. 1). Of signs and symptoms 
listed, tachypnea were associated with risk of worse sur-
vival (Fig.  2). Initial  SpO2 was not related to the risk of 
death but was inversely related to the length of hospital 
stay (p ≤ 0.009) (Table  2). Of medications, previous use 
of aspirin or antidepressants was associated with greater 
risk of death (both p ≤ 0.05) (Fig. 3).

Discussion
The severe acute respiratory syndrome due to coronavi-
rus infection has been linked to the loss of muscle mass 
and strength [2]. The pathophysiologic background for 
these associations ranges from inactivity, low food intake, 
through low blood oxygen saturation to inflammation, 
which all impact muscle energy metabolism [8, 11]. In 
our analyses there was no relation between hand grip 
strength or dynapenia and the outcomes we studied. We 
hypothesize that an acutely decreased muscle strength 
may reflect changes resulting from generally worsened 
condition due to inflammation, fever or dyspnoea, and 
not necessarily acute dynapenia. Also, the setting of a 
COVID-19 ward, with staff wearing personal protec-
tive equipment, and the anxiety experienced by patients 
may have influenced the performance of the hand 
grip strength assessment. On the other hand, SARC-F 
assessed on admission, which reflected the two-week 
period prior to hospitalisation, has been associated with 
the outcome. This is in line with the report by Riesgo 
et al. who found a SARC-F of ≥ 4 to be related to mortal-
ity [17]. However, their group was older (86.1 [8.7] years), 
and relatively healthier than ours. In their group, per-
sons with SARC-F ≥ 4 predominated. Nevertheless, their 
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Table 1 The percentages of chronic diseases, signs and symptoms and chronic medications in the entire group and in survivors and 
non‑survivors

Entire group (n=163) Survivors (n=139) Non‑survivors (n=24) p value*

Diseases (% affected)
 Depression 5.6 5.1 8.3 0.53

 Immune disease 1.2 0.7 4.2 0.16

 Liver disease 6.9 6.7 8.3 0.77

 Cancer past 7.5 6.6 12.5 0.71

 Cancer current 6.2 4.4 16.7 0.02

 Thyroid disease 17.9 16.7 25.0 0.33

 Chronic kidney disease 6.3 3.7 20.8 0.001

 Venous thromboembolism 5.6 5.8 4.2 0.74

 Peripheral arterial disease 10.1 9.0 16.7 0.25

 Diabetes mellitus 35.4 30.7 62.5 0.003

 Hypertension 82.6 81.9 87.0 0.55

 Stroke 5.6 3.7 17.4 0.008

 Atrial fibrillation 18.8 16.2 33.3 0.05

 Heart failure 12.2 9.0 31.8 0.002

 Myocardial infarction 17.1 12.6 43.5 0.0003

 Coronary heart diseases 29.0 25.0 52.2 0.008

 Chronic obstructive pulmonary disease 9.3 8.0 16.7 0.18

 Asthma 9.3 8.0 16.7 0.18

Signs and symptoms (% affected)
 Tachypnea 16.9 13.7 22.7 0.01

 Oedema 5.8 5.4 8.7 0.52

 Diarhorrea 31.2 31.8 27.3 0.67

 Nausea/vomiting 17.5 17.4 18.2 0.93

 Chest pain 18.2 18.2 18.2 1.00

 Skin leasions 3.3 3.0 4.6 0.71

 Back pain 34.4 36.4 22.7 0.22

 Muscular pain 44.8 47.7 27.3 0.07

 Malaise 86.4 87.1 81.8 0.50

 Headache 37.0 37.9 31.8 0.59

 Running nose 16.9 16.7 18.2 0.86

 Sore throat 19.5 17.4 31.8 0.12

 Ageusia 16.9 15.9 22.7 0.43

 Anosmia 16.2 15.2 22.7 0.37

 Dyspnoe 74.0 72.0 86.4 0.15

 Cough 70.8 72.0 63.6 0.43

 Shivers 44.8 48.5 22.7 0.02

 Fever 75.3 75.8 72.7 0.76

 Subfebrile 58.4 60.6 45.5 0.18

 Asymptomatic 6.0 5.5 9.5 0.47

Medications (% taking)
 Vitamin D 24.4 25.4 18.2 0.47

 Proton‑pump inhibitors 19.9 18.8 26.1 0.42

 Inhaled non‑steroid drugs 14.3 13.8 17.4 0.65

 Inhaled steroid drugs 11.1 9.4 20.8 0.10

 Non‑steroidal anti‑inflammatory drugs 28.3 28.7 26.1 0.80

 Antidepressants 7.4 5.8 16.7 0.06

 Neuroleptics 1.2 0.7 4.4 0.15
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hospital stay was shorter than that of our patients. Riesgo 
et al. did not adjust their models for concomitant condi-
tions or multimorbidity [17].

The fact that in our analyses the SARC-F or Rockwood 
Clinical Frailty Scale seem to have performed better than 
a direct measure of muscle strength may stem from sev-
eral factors. First, the information in SARC-F reflected 
a steady state that preceded the infection and might 
thus have been a better descriptor of sarcopenia at the 
moment of hospital admission. Second, SARC-F is influ-
enced by more factors than hand grip strength. It com-
prehensively assesses both upper and lower extremities, 
and to a certain degree the overall ability for independent 
mobility [14, 18]. In a situation of the COVID-19 ward 
with only limited rehabilitation, SARC-F might predict 
the ability of the patient to ambulate.

We found that in a group of older adults hospitalised 
due to COVID-19 infection, after three months hand grip 
strength improved in the survivors. This may reflect the 
degree to which acute COVID-19 infection may have 
caused acute dynapenia in the first instance. This is in line 
with the 12-month observation of a cohort of COVID-19 
patients from Belgium [19]. A 6-month observation of 
a French cohort revealed the reversibility of sarcopenia 
[20].

Cheval et al., based on data of 3600 persons from the 
Survey of Health, Ageing and Retirement in Europe 
(SHARE) cohort, reported that higher hand grip strength 
assessed between 2004 and 2017 was associated with 
lower risk of hospitalisation due to COVID-19 in 2020 
[21]. It may be postulated that the hand grip assessment 
in that study reflected the steady state of the muscles, 

unaffected by acute disease. In our report we concen-
trate on the patient status on admission and after three 
months in those who survived. Del Brutto et al. assessed 
the hand grip strength in 254 COVID-19-free older indi-
viduals with mean (SD) age of 70.2 (7.7) years, who were 
then followed-up for possible SARS-CoV-2 seroconver-
sion. In this study the risk of 5% decline in hand grip 
strength was more probable in participants who serocon-
verted [22].

Several other reports addressed the issue of muscle 
mass, strength or function in relation to the outcome of 
COVID-19 [23–25]. We found, based on the definitions 
from EWGSOP2, that probable sarcopenia predicted 
mortality in older COVID-19 patients. Meyer et al. per-
formed a meta-analysis of the studies that addressed 
the relation between lean skeletal muscle mass (LSMM) 
and mortality or length of hospital stay. They based their 
assessment of muscle mass on summary data of 1059 
computed tomography images of patients aged 48–66 
years. While in the univariate analysis LSMM was sig-
nificantly predicting mortality, the relation lost signifi-
cance after adjustment, however the factors for which the 
model was adjusted were not reported [26]. Of note, the 
finding by Meyer et al. is in line with the findings in other 
severe acute conditions such as sepsis, trauma, surgery, 
or severe oncologic conditions [27].

Greater number of diseases and presence of multi-
morbidity were related to mortality and longer hospital 
stay. Of the single diseases, chronic obstructive pulmo-
nary disease, current cancer, and diseases related to risk 
of atherosclerosis (diabetes mellitus) or being a con-
sequence of it (previous stroke, previous myocardial 

* For difference between survivours and non-survivours

Table 1 (continued)

Entire group (n=163) Survivors (n=139) Non‑survivors (n=24) p value*

 Insulin 9.3 6.5 26.1 0.003

 Sulphonylureas 11.9 11.0 17.4 0.38

 Flosin 1.3 0.7 4.4 0.15

 Metformin 26.9 23.4 47.8 0.01

 Non‑vitamin K antagonist oral anticoagulants 11.1 9.4 20.8 0.10

 Vitamin K antagonists 5.0 3.7 12.5 0.07

 Aspirin 29.0 25.4 50.0 0.01

 Statins 40.3 39.0 47.8 0.42

 Alfa‑blockers 14.7 13.4 21.7 0.30

 Mineralocorticoid receptor antagonists 6.4 4.5 17.4 0.02

 Calcium channel blockers 28.0 29.1 21.7 0.47

 Diuretics 46.5 44.8 56.5 0.30

 Beta‑blockers 59.9 56.7 78.3 0.05

 Angiotensin receptor blocker 18.5 18.7 17.4 0.89

 Angiotensin‑converting enzyme inhibitors 45.5 44.4 52.2 0.49
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Fig. 1 Risk of death during COVID‑19 infection as a function of chronic diseases. Adjusted for sex and age. *OR, odds ratio, 95% CI, 95% confidence 
interval; DEPR, depression; IMMUNE, immune disease; LIVER, liver disease; THYR, thyroid disease; CKD, chronic kidney disease; DVT, venous 
thromboembolism; PAD, peripheral arterial disease; DM, diabetes mellitus; HT, hypertension; ST, stroke; AF, atrial fibrillation; HF, heart failure; MI, 
myocardial infarction; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease

Fig. 2 Risk of death during COVID‑19 infection as a function of signs and symptoms. Adjusted for sex and age. *OR, odds ratio, 95% CI, 95% 
confidence interval; TACHYPN, tachypnea
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infarction, coronary artery disease, atrial fibrillation, 
heart failure), and chronic kidney disease were related to 
higher mortality.

Casas-Deza et  al. reported that the presence of any 
comorbidities in older hospitalised patients with COVID-
19 has been associated with greater mortality [28]. In a 
study by Junior et  al., cancer, and chronic atrial fibrilla-
tion were related to higher mortality [29]. Several studies 
showed a relation between chronic kidney disease and the 
risk of mortality [30, 31]. This was confirmed in a broader 
range of diseases in other studies [32–34].

Other published data indicate that three or more dis-
eases and a Charlson index of ≥ 3 are related to greater 
mortality in older COVID-19 patients [35, 36]. This is in 
line with our results. The relation between the Charlson 
index and mortality is of special importance as it is in line 
with our results on SARC-F and the Rockwood Clinical 
Frailty Scale, all three being comprehensive tools enquir-
ing into a broad spectrum of factors associated with func-
tionality and disease burden in older patients. Similarly, a 
study by Assis et al. demonstrated a relation between the 
VES-13 result and adverse outcome after hospitalisation 
due to COVID-19, and a study by Fujita et  al. reported 
the relation between worse admission ADL and greater 
hospital mortality due to COVID-19 [37, 38]. The asso-
ciation between frailty and severe COVID-19 infection 

was estimated among the UK Biobank participants hos-
pitalized from COVID-19 using two frailty classifica-
tions: frailty phenotype and the frailty index. The study 
showed that frailty was associated with a higher risk of 
severe COVID-19 infection resulting in hospital admis-
sion or death, irrespective of sociodemographic and life-
style factors and methods of frailty measurements [39]. 
The Clinical Frailty Scale by Rockwood et al. is one of the 
more often used frailty screening tools, also in COVID-
19 patients [15, 40]. In a large population of the COVID-
19 in Older PEople (COPE) study, disease outcomes were 
better predicted by the result of the Rockwood Clinical 
Frailty Scale than either age or comorbidity [41]. How-
ever, the prospective analysis of the UK Biobank data 
did not confirm the relationship between frailty and 
multimorbidity and adverse clinical outcome of COVID-
19 [42]. Several studies that were further summarised 
in meta-analyses indicated that the Rockwood Clini-
cal Frailty Scale is adversely related to survival of older 
patients with COVID-19 [40, 43]. Our results that the 
Rockwood Clinical Frailty Scale was significantly related 
to greater risk of death corroborate these findings.

Surprisingly, in our cohort, most of the signs and symp-
toms recorded on admission were not related to mor-
tality or length of stay. The exception was tachypnea. 
This stands in contrast with some other studies which 

Fig. 3 Risk of death during COVID‑19 infection as a function of chronic medications. Adjusted for sex and age. *OR, odds ratio, 95% CI, 95% 
confidence interval; PPI, proton‑pump inhibitors; NSAID, non‑steroidal anti‑inflammatory drugs; ANTI_DEP, antidepressants; NEUROL, neuroleptics; 
SULF_UREA, sulphonylureas; NOAC, non‑vitamin K antagonist oral anticoagulants; VKA, vitamin K antagonists; ASA, aspirin; STAT, statins; ABL, 
alfa‑blockers; MRA, mineralocorticoid receptor antagonists; CCB, calcium channel blockers; DIU, diuretics; BBL, beta‑blockers; ARB, Angiotensin 
receptor blocker; ACE‑I, angiotensin‑converting enzyme inhibitors
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indicated that, productive cough or myalgias, and dysp-
noea may among other symptoms be associated with 
worse prognosis [30, 44]. The same study indicated that 
 SpO2 < 95% on room air predicted mortality [30]. In our 
cohort we found that lower  SpO2 was related to longer 
hospital stay but not greater risk of mortality. The pos-
sible explanation is that our patients with lower  SpO2 val-
ues had more severe disease that required longer therapy 
and monitoring.

In our cohort we found that aspirin and antidepressant 
use was related to greater mortality. Monserrat Villatoro 
et al. found that among eight studied medications, aspi-
rin was one of those related to worse outcomes [45]. This 
is in contrast to data from the Veterans Health Admin-
istration that demonstrated lower risk of short-term 
COVID-19 mortality [46]. However, a meta-analysis of 
three studies showed that aspirin did not influence mor-
tality [47]. The finding of the antidepressant influence on 
worse survival was not found in other published reports. 
Indeed, several reports demonstrated lower risk of intu-
bation and mortality in COVID-19 patients who received 
SSRIs [48, 49]. Many of these studies were performed on 
younger populations, and in some reports the studied 
effect was that of SSRIs administered during hospitalisa-
tion [50, 51]. In our analysis no medication use prior to 
submission was related with improved survival. Nota-
bly, larger studies indicated that the pre-treatment with 
ACE-I or ARB would have beneficial effects in this regard 
[52]. Some studies indicated that polytherapy has been 
associated with mortality [44, 53]. However, due to the 
fact that the data on only prespecified 14 medications 
has been systematically gathered, we did not analyse this 
effect.

We found that by 3-month visit hand grip strength 
increased, which we believe to be a protective phenom-
enon. Previously, Chou et al. found that greater baseline 
hand grip strength was found to be associated with less 
cognitive decline after 10-year follow-up [54]. Hashida 
et  al. found a positive association between hand grip 
strength and functional improvement after hip fracture 
[55].

Our study needs to be considered in the context of 
its limitations. First, our group consisted of a relatively 
small number of consecutive older patients from a larger 
project, of whom 24 persons died. Thus, although our 
analyses were prespecified, the sample-size calculation 
was performed for the effect on the change in hand grip 
strength. Consequently, the numbers may have been 
too low for other measures and this may have obscured 
some of the relations such as the influence of inflamma-
tory markers on mortality. Likewise, some statistically 
significant results may have been driven by chance that 
arose from multiple testing. The fact that by default we 

did not include critically ill patients or severely demented 
patients means that the selection bias could not have 
been avoided. This needs to be taken into account when 
interpreting our results. Our cohort was examined 
between January and June 2021, and thus other published 
data gathered during different pandemic waves may have 
pertained to infections with SARS-CoV-2 variants of dif-
ferent virulence.

In conclusion, the patient assessment with SARC-F 
and the Rockwood Clinical Frailty Scale may significantly 
improve the prediction of outcomes in older patients 
with COVID-19 and by extension might be of use in 
other acute severe infections. This, however, requires fur-
ther research to confirm.
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