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Abstract

Background Frailty is associated with COVID-19 severity in clinical settings. No general population-based studies on the
association between actual frailty status and COVID-19 hospitalization are available.

Aims To investigate the association between frailty and the risk of COVID-19 hospitalization once infected.

Methods 440 older adults who participated in the Lifelines COVID-19 Cohort study in the Northern Netherlands and
reported positive COVID-19 testing results (54.2% women, age 70+4 years in 2021) were included in the analyses. COVID-
19 hospitalization status was self-reported. The Groningen Frailty Indicator (GFI) was derived from 15 self-reported ques-
tionnaire items related to daily activities, health problems, and psychosocial functioning, with a score >4 indicating frailty.
Both frailty and COVID-19 hospitalization were assessed in the same period. Poisson regression models with robust standard
errors were used to analyze the associations between frailty and COVID-19 hospitalization.

Results Of 440 older adults included, 42 were hospitalized because of COVID-19 infection. After adjusting for sociodemo-
graphic and lifestyle factors, a higher risk of COVID-19 hospitalization was observed for frail individuals (risk ratio (RR)
[95% CI] 1.97 [1.06-3.67]) compared to those classified as non-frail.

Discussion Frailty was positively associated with COVID-19 hospitalization once infected, independent of sociodemographic
and lifestyle factors. Future research on frailty and COVID-19 should consider biomarkers of aging and frailty to understand
the pathophysiological mechanisms and manifestations between frailty and COVID-19 outcomes.

Conclusions Frailty was positively associated with the risk of hospitalization among older adults that were infected with
COVID-19. Public health strategies for frailty prevention in older adults need to be advocated, as it is helpful to reduce the
burden of the healthcare system, particularly during a pandemic like COVID-19.
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Introduction

Frailty is an age-related degeneration of several system
organs that reflects the state of decreased reserve capacity
and increased vulnerability to stressors [1] accompanied
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by multidimensional loss of energy, physical ability, cog-
nition, and health [2]. Another concept has defined frailty
as a dynamic state affecting an individual who experiences
losses in one or more domains of the human functioning
[3]. Despite the evolving and debatable conceptualization of
frailty, adverse outcomes have been associated with frailty,
including hospitalization, admission to long-term care,
and mortality [4], which yield additional healthcare costs
and extra burden for the healthcare system [5]. In addition,
while age is a well-documented risk factor for COVID-19
outcomes, identifying frailty status is clinically relevant
in further prioritizing vulnerable older individuals for the
intensive care unit admission [4, 6].
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Several systematic reviews and meta-analyses have indi-
cated that frailty is an independent risk factor for COVID-
19 severity and mortality. However, studies included in
these reviews are only based on in-hospital patients, nurs-
ing homes, or long-term care units [7—-10]. The association
between frailty and COVID-19 severity has rarely been
investigated in community-dwelling older adults. To our
knowledge, Petermann-Rocha et al. were the first to report
the association between frailty and risk of hospitalization
or death from COVID-19 in a community-based study [11].
While they found that frailty was positively associated with
severe COVID-19 infection, a significant limitation was that
frailty was measured between 10 and 14 years prior to the
COVID-19 outcome [11]. As frailty is dynamic and poten-
tially preventable and reversible [12], their results should be
carefully interpreted because the effect of frailty could be
under- or over-estimated [11]. Therefore, more evidence for
the association between the actual frailty status and COVID-
19 outcomes is needed in community-dwelling older adults.

The Lifelines COVID-19 Cohort study assessed frailty
status and COVID-19 outcomes around the same period
and is linked to the Lifelines Biobank prospective cohort
with a rich data background for its participants. This study
aimed to investigate the association between frailty meas-
ured from the Groningen Frailty Indicator (GFI) and the
risk of COVID-19 hospitalization in older adults infected
with COVID-19 and participating in the Lifelines COVID-
19 Cohort study.

Methods
Study population

The Lifelines COVID-19 Cohort is a questionnaire-based
additional study collecting data about COVID-19-related
symptoms, current health issues, and societal impacts from
participants recruited from the Lifelines Cohort study [13].
The Lifelines Cohort study is a multidisciplinary population-
based cohort study of 152,728 adults living in The Nether-
lands. It employs a broad range of investigative procedures
in assessing the biomedical, sociodemographic, behavioral,
physical, and psychological factors that contribute to the
general population’s health and disease. Before study entry,
a signed informed consent form was obtained from each
participant. Adult participants (> 18 years) were asked to
complete several self-administered questionnaires regarding
various aspects, including demographics, socio-economic
status, lifestyle factors, and morbidities. The Lifelines study
was conducted according to the principles of the Declaration
of Helsinki and approved by the Medical Ethics Committee
of the Institutional Review Board of the University Medical
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Center Groningen, The Netherlands (2007/152). A detailed
description of the Lifelines Cohort study can be found else-
where [14, 15].

The Lifelines COVID-19 Cohort study is developed based
on a repeated COVID-19 questionnaire to identify genetic
and environmental risk factors for COVID-19 and address
the medical, social, and psychological aspects of the pan-
demic. Questions regarding frailty were only sent to partici-
pants aged > 65 years. A detailed description of the Lifelines
COVID-19 Cohort study and the COVID-19 questionnaire
can be found elsewhere [13]. Questionnaires were sent on a
(bi)weekly basis starting in March 2020 and on a monthly
basis starting July 2020. In total, 22 questionnaires were sent
until the end of July 2021, resulting in 72,706 adult partici-
pants who responded to at least one of the questionnaires. In
the current study, we have included individuals with com-
plete data on frailty-related questions who were infected
with COVID-19 and reported their COVID-19 hospitaliza-
tion status, leaving 440 participants in this study (Fig. 1).

COVID-19 hospitalization

COVID-19 hospitalization was derived from the Lifelines
COVID-19 questionnaire and was coded as a binary vari-
able. COVID-19 hospitalization was obtained by asking
“have you been hospitalized because of COVID-19?", and
only the participants who were infected with COVID-19
were further coded for the hospitalization status. COVID-19
infection was coded as one if the participant answered “yes”
to the question “do you have or have you had a coronavirus/
covid-19 infection?” or “positive” on the question “what
were the results of your coronavirus (COVID-19) test?”. The
22 questionnaires were condensed into a single observation
per individual, indicating for each question whether the indi-
vidual had at any point answered “yes” or “positive” during
the study period (March 2020 to July 2021). As COVID-
19 hospitalization was reported among those infected with
COVID-19, COVID-19 hospitalization is considered a proxy
for the progress of COVID-19 infection.

Groningen Frailty Indicator (GFI)

The GFI has been validated using baseline data from Life-
lines [16, 17]. The original GFI instrument consists of 15
self-reported questionnaire items reflecting physical, cogni-
tive, social, and psychological functions. The detailed ver-
sion of the items and scoring method can be found elsewhere
[18]. In short, individuals with and without impairment on
each item score one and zero, respectively, resulting in GFI
scores ranging from O to 15 by summing up the score of
each item. A higher GFI score indicates a higher degree of
functional impairment, with a score of four or higher repre-
senting frailty [17].
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Fig.1 Study flowchart

In the current study, GFI items were derived from the
Lifelines COVID-19 questionnaire to operationalize the
original GFI items, with nine items of the original GFI
instrument and six comparable items that are identical to
the original items (Supplementary Table S1 and Description
S1). The application of the GFI in Lifelines COVID-19 data
is described in detail elsewhere [19]. In accordance with
the COVID-19 hospitalization variable, the GFI items were
condensed into a single observation per individual during
the study period and subsequently summed up with a GFI
score of >4, indicating frailty. Frailty was included in the
analyses as a binary variable.

Covariates

Age was derived from birth years and the last COVID-19
questionnaire included in this study (July 2021). Educa-
tional level and presence of chronic diseases were derived
from the baseline assessment of the Lifelines Cohort study
because they are considered stable covariates and could not
be derived from the COVID-19 questionnaire. Education
level was assessed by self-reported questionnaires and was
coded as categorical variables. The highest education level
was categorized according to the International Standard

y

No response: n= 10

Classification of Education (ISCED): (1) low (level O, 1, or
2); (2) middle (level 3 or 4); and (3) high (level 5 or 6) [20].
The presence of chronic diseases within the cardiovascular,
endocrinological, and renal domains was scored according to
the 10th edition of the International Statistical Classification
of Diseases and Related Health Problems (ICD-10) and was
in line with the study by Dekker et al. [21].

Three self-reported lifestyle factors, i.e., smoking status,
alcohol use, and physical activity, were derived from the first
six Lifelines COVID-19 questionnaires due to data availabil-
ity and further categorized into binary variables. Smoking
status was derived from the question, “have you smoked in
the past seven days” and a participant was considered smok-
ing when “yes” was reported in at least one of the question-
naires. Alcohol use was derived from the question, “On aver-
age, how many glasses of alcohol per day have you used in
the last seven days?”. Subsequently, the weekly alcohol use
was calculated by multiplying seven by the reported daily
alcohol use. Excessive drinking behavior was defined as con-
suming more than 21 drinks (male) or 14 drinks (female) per
week [22]. A participant was defined as having excessive
drinking behavior when the criteria of excessive drinking
were met in at least one of the questionnaires. Physical activ-
ity was derived from the question, “in the last seven days,
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how many minutes of (moderately) intense activity did you
do (e.g., walking, biking, or running)?”’. The recommended
moderate-to-vigorous physical activity (MVPA) is at least
150 min per week [23]. A participant was considered physi-
cally inactive if the reported MVPA was below 150 min per
week in at least one of the questionnaires.

The average self-reported body weight was calculated
from the first six Lifelines COVID-19 questionnaires. Height
was measured objectively from the baseline assessment of
the Lifelines Cohort study. Body mass index (BMI) was
calculated as the average self-reported body weight (kg)
divided by height squared (m?). The BMI was additionally
categorized into suboptimal (BMI < 23 kg/m?), optimal
(23 <BMI <30 kg/m?), and excess weight (BMI > 30 kg/
m?), given that the study population was > 65 years old [24].

Statistical analyses

Descriptive characteristics are presented as means with
standard deviations (SD) for quantitative variables and
percentages for categorical variables, broken down by
frail and non-frail groups. Poisson regression models with
robust standard errors were used to analyze the association
between frailty and COVID-19 hospitalization. The results
are reported as risk ratios (RRs) with 95% confidence inter-
vals (CIs). Poisson regression models with robust standard
errors were used because they provide RR estimates instead
of odds ratios, which are easier to interpret [25, 26].

We built three models including an increasing number of
covariates: model 1 (minimally adjusted), adjusted by age
and sex; model 2, as per model 1 but also included educa-
tion level; model 3, as per model 2 but also included three
lifestyle factors (smoking, excessive drinking, and MVPA).
Additional analyses (models 4, 5 and 6) were performed
to investigate whether the association between frailty and
COVID-19 was explained by the presence of chronic dis-
eases or BMI. These models included covariates in model
3 but additionally included the presence of chronic diseases
or/and BMI. All these covariates were selected because they
have previously been recognized as being associated with
the prognosis of COVID-19 as well as being associated with
frailty status and may, therefore, potentially confound the
relationship between frailty and COVID-19 hospitalization.
We also analyzed the association between GFI as a continu-
ous variable and COVID-19 hospitalization, adjusting for
the same models mentioned above.

All statistical analyses were performed using Stata 13
(StataCorp, Texas, USA).
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Results

The characteristics of the total study population and strati-
fied according to frailty status are shown in Table 1. Out of
the 440 infected older adults who reported COVID-19 hos-
pitalization status and GFI items completely, 157 (35.7%)
participants were frail during the study period according to
GFI, and 42 (9.5%) of them were hospitalized because of
COVID-19 infection (Fig. 1). The mean age was 70 years,
with 54.2% of the population being male. The majority of
the population was Caucasian (99.1%). Nearly half of the
participants had a low education level (46.2%), followed
by middle (32.1%) and high (21.7%) education levels. The
mean (SD) BMI was 26.6 +3.7 kg/mz, with 70.3% of the
participants having an optimal BMI. The prevalence of
smoking, being physically inactive, and excessive drinking
were 4.2%, 75.9%, and 8.0%, respectively.

Compared to non-frail individuals, frail individuals had
a higher prevalence of COVID-19 hospitalization (frail vs.
non-frail: 14.0% vs. 7.1%), a higher BMI (frail vs. non-frail:
27.4+4.0 kg/m? vs. 26.2 +3.4 kg/m?), a higher prevalence
of endocrinological diseases (frail vs. non-frail: 20.6% vs.
10.7%), and were more likely to be female (frail vs. non-
frail: 60.6% vs. 50.7%) and physically inactive (frail vs.
non-frail: 86.3% vs. 70.1%) (p <0.05 for all, Table 1). In
addition, frail individuals seemed to be less educated and
more likely to drink excessively and have CVD (ns, Table 1).

Results on the association between frailty and COVID-19
hospitalization are presented in Table 2. Compared to non-
frail individuals, being frail was associated with 2.09 times
[95% CI 1.19-3.67] higher risk of COVID-19 hospitaliza-
tion (model 1, Table 2). The association attenuated slightly
but remained when additionally adjusting both for education
level and lifestyle factors (frail vs. non-frail (ref) RR [95%
CI]:1.97 [1.11-3.49] and 1.97 [1.06-3.67] in model 2 and
model 3, Table 2). In addition, when the presence of chronic
diseases and/or BMI was further included in models, frailty
became borderline significantly associated with COVID-19
hospitalization (frail vs. non-frail (ref) RR [95% CI] 1.80
[0.96-3.39] in model 6, Table 2).

After repeating models 1 to 3 treating GFI as a continu-
ous variable, the RR was 1.16 (95% CI 1.03-1.30, model 3,
Table 3) per 1 score increase in GFI. Further adjustments
for the presence of chronic diseases and BMI only slightly
weakened the association, with the RR decreasing to 1.14
(95% CI 1.01-1.28, model 6, Supplementary Table S3) per
1 score increase in GFI.
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Table 1 Population Total Frail (GFI> 4) Non-frail (GFI<4)  p
characteristics
Total, n 440 157 283
Hospitalization, n (%) 42 (9.5) 22 (14.0) 20 (7.1) 0.02
Age in 2021, years 70+4 70+4 704 0.9
Sex, female% 54.2 60.6 50.7 0.04
Education level, %
Low 46.2 51.0 43.1 0.2
Middle 32.1 29.1 33.7
High 21.7 19.0 23.3
Ethnicity, Caucasian % 99.1 100 98.6 0.1
BMI, kg/m? 26.6+3.7 27.4+4.0 262+3.4 <0.001
Suboptimal, % 13.7 124 14.4 0.06
Optimal, % 70.3 66.0 727
Excess weight, % 16.0 21.6 13.0
Smoking, yes % 4.2 4.0 43 0.8
MVPA, < 150 min/w % 759 86.3 70.1 <0.001
Excessive drinking, % 8.0 11.2 6.3 0.08
Chronic diseases, %
CVD 353 38.1 338 0.4
Renal diseases 0.7 0.6 0.7 0.9
Endocrinological diseases 14.2 20.6 10.7 0.004
Excessive drinking is defined as consuming more than 21 drinks per week for men and more than 14 drinks
per week for women
MVPA moderate-to-vigorous physical activity, BMI body mass index, CVD cardiovascular diseases
Discussion We found a positive association between frailty and

In a group of older adults infected with COVID-19, we
demonstrated that frailty was positively associated with the
risk of COVID-19 hospitalization. Accounting for age, sex,
education level, and lifestyle factors did not fully explain
the association.

Our finding that frailty is associated with an increased
risk of COVID-19 hospitalization once infected is consist-
ent with previous studies in clinical and community-based
settings [8, 11]. Moreover, our results showed that frailty,
as an indicator of biological aging, could be a risk factor
for COVID-19 hospitalization, independent of chronological
aging, which is in accordance with another study suggesting
that both chronological aging and frailty are independently
associated with COVID-19 mortality [27]. Nevertheless, the
interaction between frailty and COVID-19 hospitalization is
likely bidirectional, as with other health outcomes [4]. More
specifically, frailty could be a risk factor for the progress
of COVID-19 infection because of the presence of excess
weight, chronic diseases, and impaired respiratory function
[27]. While the inflammatory reaction caused by COVID-19
infection may also exacerbate metabolic stress and muscle
catabolism, resulting in malnutrition and physical inactivity,
which could also cause frailty [28, 29].

COVID-19 hospitalization, independent of non-biomolecu-
lar factors, including sociodemographic and lifestyle factors.
However, further adjustments of the presence of chronic
diseases and BMI attenuated the association to borderline
significant while the RR remained clinically relevant, which
can be attributed to the power issue when using a cut-off for
frailty and be further supported by our additional analyses
when treating GFI as the continuous independent variable
(Table 3). Moreover, as BMI and presence of chronic dis-
eases are both risk factors for COVID-19 hospitalization
[30], which could mediate the association between frailty
and COVID-19 hospitalization to some extent. The pres-
ence of chronic diseases is also comparable to some items
included in the GFI, so the borderline significant associa-
tions could also be attributed to multicollinearity [31].
Besides the non-biomolecular factors, we acknowledge
that it is essential to understand pathophysiological mech-
anisms via addressing potential biomolecular markers of
frailty and aging as an increasing amount of research has
reported how these biomarkers could predict COVID-19 pro-
gress [6]. The biomarkers of frailty might also substantially
mediate the association between frailty and COVID-19 hos-
pitalization in our study and present as sensitive indicators
for frailty, as we still observed a trend for positive association
even after accounting for two related elements of frailty, i.e.,
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the presence of chronic diseases and BMI. In addition, sev-
eral biomarkers of frailty and aging have also been found to
be related to COVID-19 progress, including elevated C-reac-
tive protein, interleukin-6, lactate dehydrogenase, cortisol,
and low vitamin D levels [6]. However, these fingerprints of
frailty and aging biomarkers could only provide one aspect
explaining why COVID-19 outcomes have occurred dispro-
portionally in frail and old individuals. Nevertheless, despite
the number of candidate biomarkers, a better understanding
of multisystem dysregulation and how its related to declines
in the resilience of frail individuals are still needed because
the pathophysiological mechanisms underlying frailty and
how it is translated to disease outcomes, including COVID-
19 progress, yet remain to be clarified [1, 32].

Both frailty and COVID-19 status are strongly associated
with aging, and they also share several common risk factors,
including excess weight, malnutrition, and impaired respiratory
function [4, 30, 33]. While chronological aging cannot be modi-
fied, frailty is a multidimensional and dynamic status that could
potentially be reversed and prevented with lifestyle interventions
(physical activity and nutritional strategies) targeting physical
frailty as well as other interventions focusing on psychologi-
cal and social domains of frailty in older adults [34, 35]. Thus,
identifying frail individuals as a higher risk group and provid-
ing tailored prevention programs could help reduce the burden
of the healthcare system during the COVID-19 pandemic and
have beneficial public health impacts. However, as frailty is
multifactorial involving a wide spectrum of sociodemographic,
psychological, clinical, lifestyle-related, and biological factors,
its treatment should be multidisciplinary and intersectoral, which
makes the execution of frailty prevention programs only at a
population level more complex and less feasible and compre-
hensive [32]. Therefore, an ecological approach with not only
lifestyle interventions at the community level but also with the
implementation of a comprehensive geriatric assessment identi-
fying intrinsic modifiable factors for individualized intervention
and care plans could be considered. Still, this requires reorgan-
izing the healthcare system and public health policies, which
remains a long-term and challenging institutional issue [1, 32].
A more feasible approach to incorporate and highlight frailty
in this rapidly evolving and still ongoing pandemic would be
to actively involve clinical frailty assessment based on multidi-
mensional frailty and biological age, rather than the traditional
approach to advanced age at hospitalization. In other words,
starting with frailty assessment in clinical settings to better pre-
pare for further aggravation and simultaneously designing an
ecological approach to assess and prevent frailty.

This study has several strengths. First, we provided evidence
of older individuals from a general population instead of clini-
cal settings; thus, our results had less selection bias and could
be generalized at a national level, or other populations share

identical characteristics with the Dutch population. Second, the
response rate to COVID-19 infection questions (35.6%) was
higher compared to previous studies. The French population-
based CONSTANCES COVID-19 cohort reported a response
rate of 13.3% [36], and a few British population-based cohorts
reported response rates ranging from 12.2 to 33.6% [37]. Third,
this study assessed the frailty status and COVID-19 hospitaliza-
tion across the same period. Given that frailty is dynamic and
potentially reversible, this study design could better capture the
relationship between frailty and COVID-19 status compared
to the previous study that assessed frailty more than a decade
before the COVID-19 pandemic [11]. Fourth, utilizing the life-
style factors and BMI assessed during the pandemic allowed
us to determine the influence of restricted lifestyle during the
pandemic on the association between frailty and COVID-19
hospitalization. It is well-known that lifestyle factors have
changed dramatically during the pandemic because of the con-
finement; therefore, the assessment of lifestyle factors before
the pandemic would no longer be representative [38]. Last, the
instrument used to assess frailty, i.e., the GFI, has been vali-
dated and considered suitable for predicting health outcomes
in our population [16, 18].

However, this study also has some limitations. First,
despite that frailty and most of the covariates were meas-
ured during the Lifelines COVID-19 Cohort study, education
level and presence of chronic diseases included in the analy-
ses were identified from baseline Lifelines data (between
7 and 13 years prior to the first COVID-19 questionnaire).
However, the education level was unlikely to have changed
from the baseline assessment, given that the current popula-
tion had an average age of 61 +4 years (range 53-70 years)
at baseline. The presence of chronic diseases was assessed
comprehensively, combining subjective reports and objec-
tive measurements, so the status of chronic diseases was
also unlikely to be altered. Therefore, the two covariates
were unlikely to introduce substantial bias in the models.
Additionally, the physical activity assessment from the
COVID-19 questionnaire was only validated in previous
research [39] but not in the Lifelines Cohort due to the lack
of objective assessments. Second, reporting bias could occur
as the COVID-19 outcome was based on self-administered
questionnaires, as older individuals with frailty might be less
willing to answer COVID-19 related questions. Therefore,
our results may underestimate the magnitude of the associa-
tion between frailty and COVID-19 progress. Moreover, we
were not able to differentiate between the types of COVID-
19 tests that were performed, such as PCR test, rapid antigen
test, or antibody test. Hence, it may be possible that misre-
porting of infection status should be noted. Third, the GFI
was calculated partially from the original GFI items and
partially from questions that are comparable to GFI items.
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We are not assured if the operationalization of the origi-
nal GFI could be used interchangeably, although a recently
published study that applied the same operationalized GFI
seems to provide evidence on the validation of the operation-
alization of GFI [19]. Fourth, as we condensed the 22 ques-
tionnaires into observation per participant and GFI items
were not collected every week, no causal inference could be
derived from the association as we could not differentiate the
bidirectional effect between frailty and COVID-19 hospi-
talization, as frailty could be the risk factor and outcome of
COVID-19 hospitalization through the study period. Fifth,
as mentioned above, we could not capture any effect of bio-
markers of frailty as they were not included in the Lifelines
COVID-19 Cohort study design. Finally, the dataset cannot
exclude the inference of COVID-19 mortality, as individuals
who died from COVID-19 infection were not able to answer
the questions about hospitalization anymore. Thus, there
might be an underestimation of the number of individuals
admitted to the hospital due to COVID-19 infection. As pre-
vious studies suggested that frail individuals were also more
likely to suffer from COVID-19 mortality, we do not expect
the COVID-19 mortality to reverse or attenuate our results.

Conclusions

Frailty was positively associated with COVID-19 hospi-
talization in a group of older adults of a general popula-
tion in The Netherlands. Future studies conducted among
community-dwelling older adults need to consider more
frailty biomarkers to better understand the pathophysio-
logical mechanism between frailty and various outcomes.
Public health policymakers could consider an ecological
and multidimensional approach to prevent and reserve
frailty to better prepare our population, particularly the
aging population, for healthy aging and future hazards.
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