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Abstract
Background  The identification of coronavirus disease 2019 (COVID-19) risk factors is requested to implement prevention 
strategies.
Aim  To explore the associations between the COVID-19 incidence and malnutrition, sarcopenia, and frailty, identified as 
potential risk factors in previous cross-sectional studies.
Methods  Malnutrition, sarcopenia, and frailty were assessed at the last available follow-up from the Sarcopenia and Physi-
cal Impairments with Advancing Age (SarcoPhAge) cohort (i.e., the fifth year that ended in 2019) according to the Mini-
Nutritional Assessment short-form, the European Working Group on Sarcopenia in Older People (EWGSOP2), and the Fried 
criteria, respectively. Information regarding the COVID-19 was gathered by phone calls interviews in April 2021 to measure 
its self-declared incidence. Adjusted Cox regressions and Kaplan–Meier curves were performed.
Results  The present study included 241 participants [median age 75.6 (73.0–80.6) years, 63.1% women]. Among them, 27 
participants (11.2%) developed the non-fatal Covid-19. No significant increased risks of COVID-19 were observed in patients 
with malnutrition [adjusted HR 1.14 (0.26–5.07)] and sarcopenia [adjusted HR 1.25 (0.35–4.42)]. Nevertheless, the incidence 
of COVID-19 was significantly higher in frail (44.4%) than in robust participants (8.5%) [Adjusted HR 7.01 (2.69–18.25)], 
which was confirmed by the Kaplan–Meier curves (p < 0.001). Among the frailty syndrome components, a low physical 
activity level was the only one significantly associated with an increased risk of COVID-19 [adjusted HR 5.18 (1.37–19.54)].
Conclusion  Despite some limitations in the methodology of this study (i.e., limited sample size, COVID-19 incidence self-
reported and not assessed systematically using objective measurements) requiring careful  consideration, an increased risk 
to develop COVID-19 was observed in the presence of the frailty syndrome. Further investigations are needed to elaborate 
on our findings.
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Introduction

In March 2020, the World Health Organization (WHO) 
declared coronavirus disease 2019 (COVID-19) a pan-
demic [1]. COVID-19 is caused by severe acute respira-
tory syndrome (SARS) coronavirus 2 (SARS-CoV-2), 
which was first identified in China in December 2019. 
The emergence of this novel infectious agent in the human 
population has had international repercussions on public 
health systems because of the worldwide unprecedented 
nature of the situation and, therefore, the lack of efficient 
and available preventive strategies and therapeutics, the 
exceptional general quarantine measures, and its urgency 
regarding the health, social, and economic impacts [2]. On 
May 15th, more than 160 million COVID-19 confirmed 
cases were counted, with more than 3 million declared 
deaths worldwide [3]. The clinical picture of this disease 
is multisystemic [4]. It manifests through respiratory 
syndromes (i.e., fever, dry cough, and fatigue), neuro-
logic syndromes including skeletal muscle injury, and 
gastrointestinal symptoms (i.e., nausea, vomiting, and 
loose bowel movement) [4, 5]. Its complexity lies in the 
fact that the symptoms may remain silent in some while 
becoming mild to severe in others [5]. The severity of the 
symptoms is defined by the host’s immune response dur-
ing the virus infection. When SARS-COV-2 contaminates 
the host, the immune system is activated and induces an 
acute inflammatory response by releasing many cytokines, 
chemokines, and lipid mediators to fight the pathogenic 
agent [5–7]. It is well documented that an uncontrolled 
inflammatory response leads to a more severe form of 
COVID-19, resulting in multi-organ failure and death [7].

Emerging evidence indicates that increasing age is 
associated with an elevated inflammatory response level, 
inflammaging, because of an impaired immune function 
called “immunosenescence” [8]. This low-grade chronic 
inflammation further exacerbates the vulnerability of the 
geriatric population to COVID-19 and its adverse, some-
times fatal, outcomes [9–12]. In addition, parallel to the 
patient’s age, the decline in immune system capacity could 
be even higher in persons with pre-existing comorbidities, 
for example malnutrition, frailty, and sarcopenia. These 
three major geriatric conditions are well known to impact 
the immune system and enhance its dysfunction. Malnu-
trition can be defined as “a state resulting from a lack of 
intake or uptake of nutrition that leads to altered body 
composition and body cell mass leading to diminished 
physical and mental function and impaired clinical out-
come from disease” [13]. Nutritional status is recognized 
as a fundamental determinant of health as it is related 
to inflammation [14] and has previously been related to 
higher infection susceptibility [9, 12, 14–18]. Frailty is 

a clinical state characterized by reduced physiological 
reserve affecting immune function and adaptation to acute 
stressors and is thus associated with impaired immunity 
response [19–21]. This ability is also impacted by sarco-
penia, defined as a progressive decline in muscle mass and 
muscle strength [22], which is associated with reduced 
response capacities to metabolic stress and has also been 
identified as a risk factor for pneumonia in older adults 
[23, 24]. For all these reasons and because they are highly 
prevalent among the geriatric population [25–27], malnu-
trition, sarcopenia, and frailty represent potential priority 
risk factors for COVID-19.

The study of potential risk factors that may increase 
susceptibility to developing COVID-19 is fundamental to 
implement targeted prevention strategies to decrease its 
health burden. Only two longitudinal studies have studied 
the impact of frailty status on the onset of COVID-19 indi-
cating a non-significant relationship between the two con-
ditions [28, 29] and none has investigated malnutrition or 
sarcopenia as risk factors. Therefore, based on their probable 
links with the impaired immune system and higher risk of 
infectious diseases, the objective of the present study was to 
explore whether malnutrition risk, frailty, and sarcopenia are 
risk factors for the incidence of COVID-19.

Methods

Study population

This study presents data from the follow-up of the Sar-
copenia and Physical Impairments with Advancing Aged 
(SarcoPhAge) study, in which baseline data have been pre-
viously described [30]. In summary, community-dwelling 
older adult volunteers aged over 65 were recruited in 2013 
from press advertisements and general, geriatric, osteopo-
rosis, rehabilitation, and rheumatology departments from 
an outpatient clinic in Liège, Belgium. An amputated limb 
or a body mass index (BMI) above 50 kg/m2 was the only 
exclusion criteria applied to meet the requirements for dual 
X-ray absorptiometry (DXA). The Ethics Committee of the 
Teaching Hospital of the University of Liege approved this 
study (reference 2012/277) with three amendments in 2015 
and 2018 and the last amendment in December 2019. All 
participants gave their written informed consent. The present 
study was undertaken according to the Declaration of Hel-
sinki, 1986, and in accordance with general data protection 
regulations (GDPR).

Data collection

The participants were assessed annually by a clinical 
research assistant who performed physical evaluations [e.g., 
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handgrip strength and Short Physical Performance Battery 
(SPPB) test] and proposed health questionnaires (e.g., the 
EuroQol-5D [31], the SarQol questionnaire [32], and the 
short-form (SF) 36 physical component summary (PCS) 
score and the SF-36 mental health component summary 
(MCS) score [33]) in a university hospital. The last avail-
able follow-up evaluation for all subjects from the cohort 
was the fifth year (T5), which ended in June 2019 (Fig. S1).

Nutritional status evaluation

The risk of malnutrition was assessed using the short form of 
the Mini Nutritional Assessment (MNA-SF), which consists 
of six items [34]: involuntary weight loss, loss of appetite, 
mobility, psychological stress, neuropsychological problems 
(i.e., dementia), and low BMI. Based on the total score, the 
individuals were identified as well nourished (≥ 12 points), 
at risk of malnutrition (8–11 points), or malnourished (< 8 
points). Nevertheless, this variable was considered dichot-
omous in the present analysis. Therefore, the participants 
were classified as either well-nourished or, at least, at risk 
of malnutrition (including then those identified as malnour-
ished). This nutritional screening tool is validated and rel-
evant for older adults [35–37]. The short form was chosen 
for the present study instead of the full version of the MNA, 
as the former is faster for screening, more commonly used in 
clinical practice [38], and has a mean sensitivity of 87 ± 10 
and a mean specificity of 85 ± 15 against the MNA full form 
[39].

Sarcopenia

The revised 2018 definition of the European Working Group 
on Sarcopenia in Older People (EWGSOP2), widely used 
internationally, has been applied to diagnose sarcopenia 
[22]. This definition requires the presence of low muscle 
strength and a low muscle mass, defined as follows:

1.	 Muscle strength < 27 kg for men and < 16 kg for women. 
Muscle strength was measured with a hand-held hand-
grip dynamometer (Saehan Corporation, MSD Europe 
Bvba, Brussels, Belgium) calibrated each year. In com-
pliance with the Southampton protocol, the participants 
were asked to squeeze it as hard as they could three 
times per hand, and the highest value of the six measures 
was considered in our analyses [40].

2.	 Fat-free mass (i.e., total body mass except for the 
fat mass) index < 17 kg/m2 in men and < 15 kg/m2 in 
women or appendicular lean mass (i.e., the sum of the 
muscle mass in both arms and legs) index < 7 kg/m2 in 
men and < 5.5 kg/m2 in women. Whole-body DXA scans 
(Hologic Discovery A, USA), calibrated daily, were used 

to estimate these muscle parameters, which were then 
divided by height-squared to obtain their index values.

Frailty status

Frailty was diagnosed by the Fried definition, which com-
prises a total of five criteria [41]

1.	 Unintentional weight loss of more than 5% from the past 
year.

2.	 Low handgrip strength, measured with a hand-held 
dynamometer (Saehan Corporation, MSD Europe Bvba, 
Brussels, Belgium) calibrated each year that was below 
established thresholds based on sex and BMI.

3.	 Exhaustion, assessed as a self-reported measure, identi-
fied by two items from the Center for Epidemiological 
Studies’ depression scale [42].

4.	 Low walking speed at a distance of 4.5 m that was below 
established thresholds based on sex and height.

5.	 Low physical activity level, a self-reported score of kilo-
calories expended per week based on the reported time 
in physical activity by the participants on the Minnesota 
scale [43] that was below established thresholds by sex.

The participants who meet a minimum of three compo-
nents are considered frail, while those with deficits in one or 
two components are considered in a pre-frail stage, and those 
without any Fried criteria are identified as robust. For the 
purpose of the present study, frailty status was analyzed as 
a dichotomous variable, with participants being either frail 
or robust; the latter category included pre-frail and robust 
stages.

Outcome measure

The outcome measure was the incidence of COVID-19. For 
this objective, the participants from the SarcoPhAge cohort, 
or their physician when necessary (participants impossible 
to contact), were interviewed by phone calls in April 2021 
to gather information related to COVID-19. Information 
regarding symptoms of COVID-19 and its severity was 
assessed using a semi-constructed interview developed by 
a panel of experts in infectious diseases and geriatric and 
public health. As COVID-19 emerged in Belgium in March 
2020, we were able to measure its cumulative incidence 
between March 2020 and April 2021.

Covariate data collection

During the follow-up visits, socio-demographic and anam-
nestic data were also collected. Among these, the follow-
ing variables were considered confounding factors for their 
potential impact on nutritional status, muscle health, and the 
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frailty phenotype, based on the literature and previous stud-
ies in the SarcoPhAge cohort [30, 44–47]: age, sex, number 
of comorbidities per individual, number of drugs consumed 
per individual, and Mini-Mental State Examination (MMSE) 
scores [48].

Statistical analysis

The distribution of quantitative variables was evaluated by 
examining the difference between the mean and the median 
values, histograms, quantile–quantile plots, and Shap-
iro–Wilk tests. As they did not follow a Gaussian distribu-
tion, all the continuous variables are reported as the median 
(25th percentile–75th percentile), and the binary variables 
were expressed as absolute (N) and relative frequencies (%).

Malnutrition risk, sarcopenia, and frailty were assessed 
at T5 (i.e., 2018–2019). The socio-demographic and 
anamnestic data of the participants at T5 were compared 
between participants who contracted COVID-19 or not dur-
ing the follow-up period using the Mann–Whitney U test 
or the Chi-square test for quantitative or binary variables, 
respectively. Then, the incidence of COVID-19 was meas-
ured and compared based on nutritional, sarcopenia, and 
frailty status using Chi-square tests or Fisher’s exact tests 
when more appropriate. To evaluate the risk of contracting 
COVID-19 based on these potential risk factors, a Cox pro-
portional hazards model was performed, providing a hazard 
ratio (HR) and its 95% confidence interval (95% CI). First, 
a crude hazard ratio was measured, and second, an adjusted 
model that included the confounding variables mentioned 
above was performed. The adjusted models for malnutrition 
and sarcopenia also included self-reported physical activity 

level but not frailty to avoid overadjustment. For the risk 
factor(s) significantly associated with COVID-19, we then 
aimed to determine which components of the syndrome led 
to a greater risk of COVID-19 in crude and adjusted models. 
Finally, the Kaplan–Meier method was used to yield survival 
curves to estimate the impact of the potential risk factors on 
the incidence of COVID-19, and log-rank tests were per-
formed to compare the survival curves among participants 
with or without these risk factors.

The SPSS Statistics 24 (IBM Corporation, Armonk, 
NY, USA) software package was used for the analyses. The 
results were considered statistically significant at the 5% 
critical level.

Results

When the SarcoPhAge study was initiated in 2013–2014, 
the cohort comprised 534 older participants. From the total 
SarcoPhAge population, 275 were assessed at the fifth year 
of follow-up (i.e., between 2018 and 2019), and a total of 
55 were lost to follow-up (10.3%), 73 refused (13.7%), 65 
were not able to participate (12.2%), and 66 died (12.4%). 
Then, after a median time of 26 (23–29) months after their 
fifth year of follow-up, we were able to acquire information 
on the incidence of COVID-19 for 241 of them, because 12 
were impossible to contact (4.4%), 5 refused to participate 
(1.8%), 3 did not have the cognitive capacities to answer 
(1.1%), and 14 had died (5.1%). Therefore, the present analy-
ses were performed on a total sample of 241 participants 
(Fig. 1).

Fig. 1   Flowchart of the Sar-
coPhAge study

Par�cipants were lost to follow-up (n=55), refused 
(n=73) or were unable to par�cipate (n=65), or had died 

(n=66) 

Total par�cipants included in the 
SarcoPhAge study 

N= 534 

Par�cipants assessed at the fi�h 
year of follow-up between 2018 and 

2019 

N= 275 
Par�cipants were lost to follow-up (n=12),refused (n=5) 
or were unable to par�cipate (n=3), or had died (n=14) 

N= 34

Par�cipants with data available on 
COVID-19 

N= 241 
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As expected, some of the baseline characteristics of the 
participants included in the present analyses were differ-
ent from those of the nonparticipants. In particular, current 
participants, compared to the participants lost to follow-up, 
were at baseline significantly younger [69.8 (67.2–74.7) 
versus 75.2 (70.5–79.8) years], took fewer drugs per day 
[5.0 (3.0–7.0) versus 6.0 (4.0–8.0)], had fewer comorbidi-
ties [3.0 (2.0–5.0) versus 4.0 (3.0–6.0)], had a better cogni-
tive status [29.0 (28.0–30.0) versus 28.0 (27.0–29.0)], had a 
higher SPPB score [10.0 (9.0–11.0) versus 9.0 (7.0–11.0)], 
and a higher muscle strength (28.0 kg (21.0–39.0 kg) versus 
25.0 kg (18.0–35.0 kg)).

Table 1 displays the socio-demographic and health char-
acteristics of the 241 participants included in the present 
analysis. The median age was 75.6 (73.0–80.6) years, and 
63.1% were women. Of them, 27 contracted COVID-19 dur-
ing the follow-up (11.2%). These participants did not sig-
nificantly differ from those who did not contract the virus in 
terms of age, body mass index, number of drugs taken daily, 
number of comorbidities, cognitive status, level of physical 
activity, SPPB test score, muscle strength, and quality of life 
using both the EuroQol-5D and the SarQol questionnaire, 
with all p values being above 0.05.

Among the participants at risk of malnutrition at study 
inclusion, two (12.5%) were diagnosed with COVID-19, 
and of those with sarcopenia, three (13.0%) had COVID-
19, compared to 25 (11.1%) and 24 (11.0%) well-nourished 
and non-sarcopenic participants, respectively (Table 2). 
The associations between the COVID-19 incidence and 
the risk of malnutrition resulted in a non-significant crude 
HR of 1.02 (0.24–4.29) and an HR of 1.14 (0.26–5.07) 
in the adjusted model. Similar results were observed for 

sarcopenia, with a crude HR of 1.24 (0.37–4.10) and an 
adjusted HR of 1.25 (0.35–4.42).

Out of the 18 participants identified as frail in the stud-
ied sample, 8 became positive for COVID-19 (44.4%), 
compared to 19 in the robust group (8.5%), revealing a 
crude HR of 5.84 (2.56–13.35). Indeed, the incidence of 
COVID-19 was significantly higher among the frail partici-
pants than among the robust participants, with a log-rank 
p value < 0.001 according to the Kaplan–Meier survival 
curve (Fig. 2). Regarding the number of symptoms and their 
severity (i.e., 8 have been hospitalized) among participants 
positive to COVID-19, there was no significant difference 
between groups according to the frailty status. After adjust-
ing for confounding factors, an HR of 7.01 (2.69–18.25) was 
obtained, which indicated that the frail participants had a 
sevenfold higher risk of being affected by COVID-19.

As frailty status was significantly associated with a 
higher risk of developing COVID-19, we then aimed to 
determine which Fried diagnostic criteria led to a greater 
risk of COVID-19 (Table 3). Therefore, we analyzed the 
relationships between each criterion, namely, unintentional 
weight loss, low handgrip strength, exhaustion, low walk-
ing speed, and low physical activity level, and the incidence 
of COVID-19. Of all the Fried criteria, the COVID-19 
incidence was significantly higher only in participants pre-
senting exhaustion (20%) or a low physical activity level 
(33.3%) compared to those who did not meet these criteria 
(9.2% and 10.6%, respectively), with p values of 0.04 for 
the exhaustion criterion and 0.03 for the physical activity-
level criterion. However, when we performed the survival 
analyses, the low physical activity-level criterion was the 
only criterion to remain significantly associated with a 

Table 1   Sociodemographic and health characteristics of participants at inclusion in the study (T5)

a Measured among 234 participants in total
b Measured among 232 participants in total

Total studied sample
(n = 241)

Incidence of COVID-19

Yes (n = 27) No (n = 214) p value

Age, years 75.6 (73.0–80.6) 75.3 (72.3–78.5) 75.6 (73.1–80.7) 0.38
Sex, women 152 (63.1) 17 (63.0) 135 (63.1) 0.99
BMI, kg/m2 26.5 (23.6–29.7) 27.4 (24.0–29.7) 26.4 (23.6–29.7) 0.41
Number of drugs per individual 7.0 (5.0–9.8) 9.0 (5.0–11.0) 7.0 (5.0–9.0) 0.21
Number of comorbidities per individual 4.0 (3.0–5.0) 4.0 (3.0–7.0) 4.0 (2.0–5.0) 0.16
Mini-Mental State Examination, /30 points 28.0 (27.0–29.0) 29.0 (27.0–29.0) 28.0 (27.0–29.0) 0.85
Short Physical Performance Battery (SPPB), /12 points 10.0 (9.0–11.0) 10.0 (9.0–11.0) 9.0 (8.0–12.0) 0.36
Muscle strength, kg 19.0 (14.0–19.0) 19.0 (14.5–29.0) 18.0 (12.0–28.0) 0.16
Quality of life
 EuroQol-5Da 0.83 (0.80–1.0) 0.83 (0.60–1.0) 0.83 (0.80–1.0) 0.41
 SF-36 PCS, /100b 43.1 ( 34.9–51.0) 40.5 (26.6–50.3) 43.1 (35.5–51.5) 0.16
 SF-36 MCS, /100b 46.9 (36.6–53.7) 48.3 (40.3–54.8) 46.7 (36.4–53.6) 0.48
 SarQola 64.0 (51.5–75.2) 65.1 (41.6–72.9) 63.8 (52.7–75.7) 0.73
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higher risk of developing COVID-19 in the crude [HR of 
4.15 (1.43–12.03)] and adjusted Cox models [HR of 5.18 
(1.37–19.54)]. The participants with a low physical activity 
level had a fivefold higher risk of COVID-19 than the other 
participants.

Discussion

This study aimed to investigate the relationships between 
three major potential risk factors, namely, the risk of mal-
nutrition, sarcopenia, and frailty, and the incidence of 
COVID-19 in community-dwelling older adults. A seven-
fold increased risk of developing COVID-19 was observed 
in frail compared to robust participants in crude and adjusted 
models. However, frailty status was the only one out of the 
three geriatric diseases assessed in the present study to be 
significantly associated with a higher risk of COVID-19, 
as malnutrition and sarcopenia did not seem to predict its 
onset in the SarcoPhAge cohort. Moreover, of all the Fried 
criteria used to assess frailty, a low self-estimated physical 

activity level led to a fivefold greater risk of being affected 
by COVID-19 after adjusting for confounders.

To the best of our knowledge, no research has prospec-
tively investigated the relationships between malnutrition 
or sarcopenia and the onset of COVID-19. Numerous cross-
sectional studies have observed a high prevalence of mal-
nutrition among older patients hospitalized for COVID-19, 
with a pooled prevalence of 46.6% of them being malnour-
ished [49]. Sarcopenia has been associated with conditions 
similar to some of the manifestations of COVID-19, such 
as pneumonia and acute respiratory distress syndrome [23, 
24]. Although malnutrition and sarcopenia did not appear to 
be significant risk factors for the incidence of COVID-19 in 
the present study, the inverse relationship remains possible. 
Indeed, COVID-19 could be a risk factor for malnutrition 
due to its manifestation through gastrointestinal symptoms 
with nausea, vomiting, and loose bowel movement that 
could also cause anorexia [50]. In the same way, patients 
affected with COVID-19 have a decrease in their physical 
activity level because of isolation and fatigue, which can 
further accelerate the loss of muscle mass and strength and, 
therefore, engender sarcopenia [50, 51]. Additionally, given 

Table 2   Association between the risk of malnutrition (MNA-SF), sarcopenia (EWGSOP2), and frailty status (Fried criteria) and the incidence of 
COVID-19 (n = 241)

a Adjusted for age, sex, number of drugs per participant, number of comorbidities per participant, MMSE score, and level of physical activity 
(Minnesota)
b Adjusted for age, sex, BMI, number of drugs per participant, number of comorbidities per participant, MMSE score, and level of physical activ-
ity (Minnesota)
c Adjusted for age, sex, BMI, number of drugs per participant, number of comorbidities per participant, and MMSE score

Risk of COVID-19 based on the malnutrition status

Incidence of COVID-19 p value Crude HR
(95% CI)

Adjusteda

HR (95% CI)
Yes (n = 27) No (n = 214)

Malnutrition risk
 Yes (n = 16) 2 (12.5) 14 (87.5) 0.70 1.02 (0.24–4.29) 1.14 (0.26 – 5.07)

No (n = 225) 25 (11.1) 200 (88.9)

Risk of COVID-19 based on the sarcopenia status

Incidence of COVID-19 p value Crude HR
(95% CI)

Adjustedb

HR (95% CI)
Yes (n = 27) No(n = 214)

Sarcopenia
Yes (n = 23) 3 (13.0) 20 (87.0) 0.73 1.24 (0.37–4.10) 1.25 (0.35–4.42)
No (n = 218) 24 (11.0) 194 (89.0)

Risk of COVID-19 based on the frailty status

Incidence of COVID-19 p value Crude HR
(95% CI)

Adjustedc

HR (95% CI)
Yes (n = 27) No (n = 214)

Frailty
Yes (n = 18) 8 (44.4) 10 (55.6)  < 0.001 5.84 (2.56–13.35) 7.01 (2.69–18.25)
No (n = 223) 19 (8.5) 204 (91.5)
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their well-observed impact on the progression of COVID-19 
with more extended hospitalization stays and a higher risk 
of mortality [52–55], these two clinical states still repre-
sent essential factors to be considered for better prevention 
and management of COVID-19 outcomes. Furthermore, 

as sarcopenia and malnutrition share overlapping factors 
in their assessment with the frailty phenotype, such as low 
muscle strength and unintentional weight loss, identify sar-
copenic or malnourished individuals must be an integral part 
of the COVID-19 prevention.

Fig. 2   Incidence of COVID-19 in robust or frail participants based on the Fried criteria

Table 3   Association between 
the different frailty criteria 
(Fried criteria) and the 2 year 
incidence of COVID-19 
(n = 241)

a Adjusted for age, sex, number of drugs per participant, number of comorbidities per participant, and 
MMSE score

Risk of COVID-19 based on each frailty criterion

Incidence of COVID-19 p value Crude HR
(95% CI)

Adjusteda

HR (95% CI)
Yes (n = 27) No (n = 214)

Weight loss
 Yes (n = 32) 5 (15.6) 27 (84.4) 0.37 1.49 (0.57–3.94) 1.56 (0.58–4.20)
 No (n = 209) 22 (10.5) 187 (89.5)

Low muscle strength
 Yes (n = 146) 17 (11.6) 129 (88.4) 0.79 1.16 (0.53–2.53) 1.18 (0.50–2.76)
 No (n = 95) 10 (10.5) 85 (89.5)

Exhaustion
 Yes (n = 45) 9 (20.0) 36 (80.0) 0.04 2.13 (0.96–4.74) 1.65 (0.67–4.06)
 No (n = 196) 18 (9.2) 178 (90.8)

Low walking speed
 Yes (n = 11) 3 (27.3) 8 (72.7) 0.11 2.61 (0.78–8.67) 2.33 (0.64–8.41)
 No (n = 230) 24 (10.4) 206 (89.6)

Low physical activity level
 Yes (n = 12) 4 (33.3) 8 (66.7) 0.03 4.15 (1.43–12.03) 5.18 (1.37–19.54)
 No (n = 229) 23 (10.0) 206 (90.0)
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The association between frailty and the incidence of 
COVID-19 had previously been investigated by Woolford 
et al., whose results were contrary to ours, such that no 
relationship between the two conditions was observed [28]. 
In contrast to the present study, Woolford et al. included 
considerably more participants, approximately 4510, and 
COVID-19 was assessed through nasal and throat swab and 
respiratory secretion samples. However, several conditions 
in their study could explain our divergent results. First, 
their study population was mostly composed of adults aged 
between 40 and 69 years, compared to a geriatric popula-
tion in our study, which is by definition at higher risk of 
developing the frailty phenotype and COVID-19. Second, 
the frailty assessment was made using a modified version 
[56] of the original definition reported by Fried and col-
leagues [41]. It can greatly impact the identification of frail 
participants, as different criteria measures and thresholds 
were used, specifically for exhaustion, slow walking speed, 
and low physical activity-level criteria. Finally, the diagnosis 
of the frailty phenotype was determined at the recruitment 
of the population between 2006 and 2010. The long period 
elapsing between the frailty status and COVID-19 inci-
dence assessments implies that frail participants could have 
become robust during the follow-up, which is less likely to 
have happened in our study by assessing frailty status 2 years 
before the pandemic. A second population-based study in 
community-dwelling older adults in Ecuador also concluded 
that frailty status did not predispose them to SARS-CoV-2 
infection [29]. Although COVID-19 has been diagnosed by 
SARS-CoV-2 antibody testing, the time of its diagnosis at 
the very beginning of the pandemic (i.e., May 2020) and 
the frailty criteria used, namely, the Edmonton frailty scale, 
are the two main reasons that make the comparison with 
our study challenging. The impact of the COVID-19 pan-
demic and its management is different from one country to 
another, which makes it even more challenging to compare 
studies conducted in different countries. Belgium is among 
the top five countries with the highest percentage of older 
adults above 80 years old [57], having thus a more at-risk 
population. Furthermore, the COVID-19 has brought an 
unprecedented crisis in the Belgian population because of 
excess mortality recorded between March and May 2020 
[58]. Therefore, the Belgian health context and its impact 
on the health system may lead to a more challenging inter-
national comparison. Finally, the frailty phenotype has been 
significantly associated with higher mortality in COVID-
19-positive patients [59]. Alongside our results regarding 
the onset of COVID-19, it suggests that frailty impacts both 
the etiology and the severity of COVID-19.

The fact that frailty is significantly associated with the 
incidence of COVID-19, but not sarcopenia could be surpris-
ing, as these two conditions are well known to share com-
mon etiologies [60] and are both related to higher disability, 

morbidity, and mortality [61]. However, some assumptions 
regarding our results can be discussed. Even if sarcopenia 
and frailty have overlapping diagnostic criteria (i.e., low 
muscle strength), their operational definitions differentiate 
these two. Low muscle strength has to be associated with a 
low muscle mass to establish sarcopenia [22]. In contrast, 
frailty diagnosis requires low physical performance through 
low gait speed [41], which is a criterion considered for grad-
ing the severity of sarcopenia [22]. Furthermore, it is fre-
quently observed that sarcopenia precedes frailty [61]. These 
hypotheses suggest that the frailty definition encompasses a 
more comprehensive assessment of fragility and disability 
in older people than sarcopenia, which was reflected in our 
analyses for the risk of COVID-19.

Among all the Fried components used to assess frailty 
in this study, a low physical activity level seems to be a 
major risk factor for the incidence of COVID-19. Its role 
in inflammation has already been evaluated in the previous 
studies with a focus on a process in which physical activ-
ity promotes an increase in muscle mass and a decrease in 
adipose tissue, triglycerides, and low-density lipoproteins, 
known to engender systemic inflammation and oxidative 
damage [62]. In one of the first studies on the subject in 
community-dwelling older adults, from Nilson et al., a sig-
nificant impact on inflammation level was observed with 
physical activity of different intensity levels compared to 
sedentary condition [63]. Furthermore, evidence has sug-
gested that regular exercise practices at moderate levels posi-
tively affected the immune system with increased immune 
surveillance and response [64]. Thus, physical activity can 
be highly beneficial in the context of respiratory infections 
such as COVID-19. Sedentary behavior is highly prevalent 
in the geriatric population, and the amount of time spent in 
physical activities decreases with advancing age [61, 65]. 
Nevertheless, sedentary behavior is a modifiable risk fac-
tor, and it has been shown that exercise interventions effec-
tively prevent and even reverse the frailty process and are 
even more efficient than standard care alone [66]. Based 
on our results and the previous literature, physical activity 
and exercise interventions appear, therefore, to be relevant 
strategies that could be implemented in geriatric settings to 
counteract the age-associated decline in physical function 
and best prevent diseases that are more prevalent and severe 
among older adults, such as COVID-19. This also highlights 
the importance of COVID-19 vaccination in older adults, 
and especially in frail older adults as they are potentially at 
higher risk of COVID-19.

Strengths and limitations

The strength of the present study resides in its prospective 
design that is tailored for the analysis of risk factors. This 
study is the first to investigate malnutrition and sarcopenia 
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as risk factors for COVID-19 and the first to use the Fried 
criteria for frailty. Moreover, sensibility analyses were per-
formed on the Fried criteria with the weight loss threshold at 
more than 4.5 kg instead of a loss of 5% and it assessed the 
robustness of our results regarding this risk factor (Table S1 
in the supplementary materials). Indeed, among the 25 
individuals identified as frail in the sensibility analyses, 
8 became positive to COVID-19 (32.0%) compared to 19 
(8.8%) in the robust group, leading to an adjusted HR of 3.97 
(1.56–10.10). Moreover, when we analyzed the relation-
ships between the 4.5 kg weight loss Fried criteria and the 
COVID-19 incidence, the same conclusions than with the 
5% weight loss criteria were obtained with a non-significant 
adjusted HR of 0.91 (0.39–2.09) (Table S2). Therefore, the 
present study provides a better understanding of the patho-
genesis of COVID-19. As new hypotheses were raised, this 
leads to new perspectives to be studied in future research to 
further improve understanding of the current health situation 
we are facing.

Nevertheless, this original study contains some limita-
tions that need to be addressed. First, we assessed the risk 
of malnutrition using only the MNA-SF, but we did not 
diagnose malnutrition, as we did not have the required data 
(i.e., IGF-1) from the last available visit of the patients in 
the SarcoPhAge study to apply the GLIM criteria. However, 
this screening tool is considered relevant for the geriatric 
population [37]. Second, the analyses were performed on an 
already completed study cohort. Therefore, no sample size 
was calculated for statistical power prior to the present study, 
but we have realized post hoc analysis. It showed that we 
had indeed enough statistical power for the analyses regard-
ing frailty (i.e., a minimum of 138 individuals required), 
while for malnutrition and sarcopenia, more patients were 
needed to demonstrate a significant difference for the inci-
dence rate of COVID-19 within these groups. Therefore, 
caution is needed in interpreting the results regarding the 
low incidence of COVID-19 in the malnourished or sarco-
penic participants. Furthermore, no deaths were reported in 
this high-risk population. Likely, the whole spectrum of the 
COVID-19 has not been covered in the present study. We 
can hypothesize that this can come from the 11 participants 
out of 27 positive to COVID-19 (40.7%) who were already 
vaccinated at the time of outcome assessment. Indeed, the 
vaccinated participants are apparently more often completely 
asymptomatic, even if they are 65 years or older, as indi-
cated by the study of Antonelli et al. [67]. Third, the physi-
cal activity level was self-reported. This measure is then 
susceptible to recall and social desirability bias and is thus 
prone to over reporting, but it was assessed using a vali-
dated questionnaire, namely, the Minnesota Leisure Time 
Physical Activity Questionnaire [68, 69]. The incidence of 
COVID-19 was also self-reported and not assessed by sys-
tematic tests such as blood sample tests. This suggests that 

some participants with light or no symptoms might not have 
been tested, and the incidence in our cohort might, therefore, 
be even higher than that observed in our analyses. Fourth, 
additional confounding factors could have been included in 
our analyses, especially the number of potential contacts 
with others and health-care providers. Indeed, the signifi-
cant association between the frailty phenotype and higher 
incidence of COVID-19 could potentially be explained by 
the fact that frail individuals had more health-care contacts 
than non-frail ones, and that it exposed them to a higher 
risk of infection. However, this variable was not available in 
the SarcoPhAge cohort. Finally, our results could be limited 
because of an attrition bias impacting the estimated associa-
tions between the risk factors and COVID-19. Indeed, the 
participants included in the present study, compared to the 
participants lost to follow-up, were, at baseline, significantly 
younger, took fewer drugs per day, had fewer comorbidities, 
and had a better cognitive status. It can therefore be assumed 
that the participants of the present study were more robust 
than the general geriatric population.

Conclusion

An increased risk of COVID-19 was observed in the pres-
ence of frailty syndrome despite some limitations in the 
methodology of this study (i.e., limited sample size, COVID-
19 incidence self-reported and not assessed systematically 
using objective measurements) requiring careful considera-
tion. Furthermore, out of all the frailty criteria, the partici-
pants with low physical activity had a significantly higher 
risk of experiencing COVID-19. The world is currently fac-
ing an unprecedented crisis due to the COVID-19 pandemic, 
and adapted prevention strategies are becoming essential to 
limit its health impact and burden. The present study results 
indicate that screening frailty status should be considered 
in the context of health policies to better target preventive 
actions. Moreover, malnutrition and sarcopenia could be 
necessary conditions to screen too concerning prevention 
of COVID-19 as these conditions share overlapping factors 
with frailty. Additionally, low physical activity seems to be a 
significant modifiable risk factor that has to be considered in 
the management of the COVID-19 crisis. Therefore, exercise 
intervention appears to be a relevant strategy to be imple-
mented in geriatric settings. As we are the first to investigate 
these associations in a prospective cohort, further investiga-
tions are required to elaborate on our findings.
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