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The 2019 coronavirus disease (COVID-19) is a highly contagious and deadly disease. The
elderly people are often accompanied by chronic inflammation and immunodeficiency,
showing a frail state. The strength, endurance, and physiological function of the elderly
are significantly decreased, and the ability to deal with stress response is weakened. They
are the high-risk group that suffering from COVID-19, and rapidly developing to critical
illness. Several recent studies suggest that the incidence rate of COVID-19 in elderly
patients with frailty is high. Early assessment, detection, and effective intervention of frailty
in COVID-19 patients are conducive to significantly improve the quality of life and improve
prognosis. However, there are insufficient understanding and standards for the current
evaluation methods, pathogenesis and intervention measures for COVID-19 combined
with frailty. This study reviews the progress of the research on the potential pathogenesis,
evaluation methods and intervention measures of the elderly COVID-19 patients with
frailty, which provides a reference for scientific and reasonable comprehensive diagnosis
and treatment in clinical.
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INTRODUCTION

Novel coronavirus SARS-CoV-2, named “coronavirus disease 2019” (COVID-19) by the
World Health Organization (WHO) on February 11, 2020, is one of the highly pathogenic
B-coronaviruses. This coronavirus spreading through the respiratory tract to cause pneumonia
showed high infectivity and mortality. As of March 1, 2021, the COVID-19 pandemic has
spread to 192 countries with over 114.2 million confirmed cases and 2.3 million deaths
(1). It is reported that the mortality of COVID-19 rose exponentially with age, from
0.4% among those aged 40-49 years to 3.6% among those aged 60-69 years and 14.8%
among those aged >80 years (2). The possible reasons for this phenomenon are changes
of physiological structure and function, accompanied by chronic inflammation, immune
decline, and decreased anti-stress ability, which are not conducive to the prognosis of
COVID-19. In this paper, the epidemiology, potential pathogenesis, evaluation methods, and
intervention measures of old COVID-19 patients combined with frailty are reviewed, which can
provide reference for scientific and reasonable clinical comprehensive diagnosis and treatment.
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DEFINITION OF FRAILTY

Frailty, which is common in all countries, is a major cause of
functional decline and early death in the elderly (3, 4). This
syndrome is either physical or psychological or a combination
of both, and is a dynamic process that can improve or worsen
over time. In 2013, a consensus group defined frailty as “A
medical syndrome with multiple causes and contributors that is
characterized by diminished strength, endurance, and reduced
physiologic function that increases an individual’s vulnerability
for developing increased dependency and/or death,” consisting
of delegates from six major international, European, and US
societies (5). There are two principal models. In Fried’s phenotype
model, frailty is based on three or more components of poor grip
strength, slow walking speed, low physical activity, exhaustion,
and unintentional weight loss (6). The frailty index, or cumulative
deficit model, defines frailty in terms of the accumulation of
“deficits” (symptoms, signs, diseases, and disabilities). A frailty
index score reflects the proportion of potential deficits present
(7). The phenotype model defines frailty in physical terms,
whereas the cumulative deficit model uses a broader definition
of frailty.

EPIDEMIOLOGY

Frailty can occur before the age of 65, but the probability of
frailty is on the rise in the elderly aged 70 and above (8).
Studies suggest that the incidence of frailty reaches 15% in the
elderly over 65 years old and more than 25% in people over 85
years old (9). Incidence rate in women is higher than in men
(10, 11). An important reason suggested is that old women with
frailty have more abdominal fat than old men (12). Abdominal
adiposity is associated with systemic inflammation by mediating
its link with metabolic syndromes, which are important markers
of oxidative stress and result in skeletal muscle damage and
low grip strength (12). This factor might be a core mechanism
leading to sex-associated frailty. Besides, lower education level,
lower income, lower socioeconomic status, and minority are all
positively related to the frailty (13, 14). These persons tend to
be frailer, lonelier, and more isolated than others. A prospective
study demonstrated high levels of loneliness were associated with
increased risk of physical frailty (15).

One study enrolled 1,564 COVID-19 patients with the median
age of 74 years old. According to the clinical frailty scale
(CES), the incidence of frailty (CFS score 5-9) was 49.4%.
Results showed that frail patients had both an increased risk of
mortality and longer duration of hospital stay compared with
patients who were not frail, which worsened with increasing
frailty (16). In a meta-analysis of 3,817 patients with COVID-
19, the pooled prevalence for CFS 1-3 was 34% (32-36%),
CFS 4-9 was 65% (61-70%). Each 1-point increase in CFS
was associated with 12% increase in mortality rate (17). A
series of studies in this field have shown that older patients
with COVID-19 have a higher incidence of frailty, and
frailty has a significant negative effect on the prognosis of
COVID-19 patients.

POTENTIAL PATHOGENESIS

At present, the exact pathogenesis of frailty in old adults with
COVID-19 has not been fully elucidated. A large number of
studies have found that the levels of inflammatory factors
are increased in both COVID-19 and frailty patients (18-
21). Inflammatory response may be involved in the potential
pathogenesis. During the acute phase of viral infection,
circulating inflammatory cytokines are elevated in old patients
with COVID-19. Upregulated Interleukin-6 (IL-6), activates
STAT3 by tyrosine phosphorylation to trigger inflammatory
response through the JAK/STAT signaling pathway (22).
The resulting inflammation can generate Reactive Oxygen
Species (ROS) causing both oxidative damage and eliciting
an amplification of the cytokines release, inducing a positive
feedback loop resulting in a chronic systemic pro-inflammatory
state where tissue injury and healing mechanisms proceed
simultaneously (23). Besides, increased inflammation contributes
to markers of blood clotting elevate, and long-term high
coagulation state increases the risk of blood clots (24). High
levels of inflammatory cytokines are also associated with a risk
of muscle insufficiency, decreased skeletal muscle mass and
loss of strength, leading to sarcopenia (25). These accumulative
impairments can lead to a decline in multi-system function in
elderly patients with COVID-19, which we called frailty.

Interleukin-6 also has a broad effect on cells of the immune
system. It can induce the transcription factor Bcl-6 to transform
naive T cells into follicular helper T cells, helping to initiate
the adaptive immune response and to regulate auto-tolerance,
to prevent autoimmunity (26, 27). However, high levels of IL-6
in old patients with COVID-19 can inhibit the response of
alveolar macrophages and dendritic cells to influenza virus to
produce antiviral interferon. It can further inhibit virus-specific
CD8 T-cell responses (28, 29), and immune repertoire would
be skewed to the memory phenotype, T cell clonal expansion,
increased autoimmune antibody production that leads to frailty
(30) (Figure 1). Meanwhile, because of suppressed virus-specific
CD8 T-cell responses, it is difficult to clear coronavirus. Thus,
frailty interacts with COVID-19 in a vicious cycle, and early
identification of COVID-19 combined with frailty and timely
intervention measures would significantly improve the quality of
life and improve prognosis.

Malnutrition plays a key role in the pathogenesis of both frailty
and sarcopenia. Elderly patients with COVID-19 often show
low intake during hospitalization, forming an acute negative
nutritional balance, which is characterized by the deficiency
of multiple nutrients. If there are insufficient proteins and
lipids to keep organ function and muscle activity, muscle will
be catabolized to provide energy leading to sarcopenia (31).
If old COVID-19 patients are lack of 25-hydroxyvitamin D,
they will develop osteoporosis, and are susceptible to systemic
infection, damage immune response, and even autoimmunity
(32), promoting the occurrence of frailty. Meanwhile, with the
appearance of frailty, the appetite would slough to aggravate
malnutrition (33), which is not conductive to the prognosis of
COVID-19. Therefore, early nutritional intake of elderly patients
with COVID-19 is of great significance to prevent frailty.
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FIGURE 1 | Potential pathogenesis of frailty in elderly patients with COVID-19.
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POST-COVID-19 IMPLICATIONS

The old COVID-19 persons combined with frailty tend to
experience substantially more severe symptoms and lethality.
Infection produces biological damage and loss of homeostasis.
This ultimately contributes to accelerated aging and the
development of age-related diseases (34).

About the impact of infections on physical function,
only three studies performed objective physical and motor
function tests, which targeted different physical domains
(35-37). Despite the methodological heterogeneity, most
studies support the hypothesis that infections impair physical
function. The potential mechanisms are multiple. Prolonged
immobility during hospitalization accentuates muscle-atrophy
and levels of proinflammatory cytokines, which further
lead to muscle loss and sarcopenia (38, 39). Decreased
caloric and nutritional intake is a common feature of
infectious diseases; this can negatively affect muscle health
and function.

About the impact of infections on cognitive function, many
studies supported the possibility that pneumonia, and virus
infection to a lesser extent, negatively affect cognition. The
neurotrophic propensity of the virus and the sustained pro-
inflammatory status induced by the infection may trigger
or accelerate neurodegenerative processes through increased
deposition of beta-amyloid and microglia activation (35, 40-42).
Similarly, the systemic inflammatory status and the boost in the
oxidative processes might explain the impact of pneumonia on
cognition. Further, pneumonia-related hypoxia is also linked to
neurodegeneration and cerebrovascular lesions, which has been
shown to predispose individuals to cognitive impairment and
dementia (43).

EVALUATION METHOD

During the pandemic, an appropriate evaluation method for
early identification of elderly COVID-19 patients who are
prone to frailty is needed. Early intervention measures and
reasonable allocation of medical resources are conducive to
improving the prognosis. However, so far, there is no standard
evaluation method for COVID-19 with frailty. Frequently used
frailty evaluation methods recommended by the International
Conference of Frailty and Sarcopenia Research (ICFSR) in
2019 include the following (discussed later and summarized
in Table 1).

Clinical Frailty Scale

In 2020, the National Institute for Health and Care Excellence
(NICE) published a quick guidance on the care of patients with
COVID-19, which recommended to access patients aged 65 and
over with CFS. Clinical frailty scale is a simple and inexpensive
frailty scale that scores patients based on their daily function
(44). A lot of studies revealed that the CFS has been widely used
in multiple settings. The association of CFS score with clinical
outcomes highlights its utility in the care of the aging population
(45). Labenz et al. (46) believed that CFS is independent of
comorbidities or age, and regular testing with CFS at hospital
admission may identify patients at higher risk for worse disease
progression and improve the prognosis for COVID-19 patients.
Sablerolles et al. (47) believed that CFS score is a suitable risk
marker for hospital mortality in patients with COVID-19 over
65 years. Frail patients (CFS 6-9) of all ages admitted with
COVID-19 have a significantly higher hospital mortality than
fit patients (CFS 1-3). But there is no significant difference in
hospital mortality between mildly frail patients (CFS 4-5) and
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TABLE 1 | Performance of different evaluation methods to identify frailty among patients with COVID-19.

Cutoffs

Strengths

Weaknesses

CFS

FI

FP

Score according to considered variables, in
general frail if CFS score >4

Ratio of accumulated deficits and considered
variables, in general frail if FI >0.25

Five pre-defined criteria to categorize a patient
as robust (none of the criteria), pre-frail (one or

Simple; no physical testing required; score
associated with mortality

Meaningful results in all patients; irrespective
from age and disability

Possible before comprehensive geriatric
assessment; pre-clinical evaluation

Scoring somewhat subjective

Time-consuming; need for comprehensive
geriatric assessment

Not applicable to disabled older patients

two criteria), and frail (three or more criteria)
FRAIL Five pre-defined criteria to categorize a patient
as robust (one or none of the criteria), pre-frail
(two criteria), and frailty (three or more criteria)
EFS Score according to considered variables, in
general frail if EFS score>6

Simple; cheap; no physical testing required

Good poly-dimension, credibility, and internal
consistency; no physical testing required; a

Scoring somewhat subjective

Scoring somewhat complicated

reliable predictor for mortality

fits patients who were admitted to intensive care. Therefore, CFS
is an appropriate scale to assess frailty in elderly patients with
COVID-19, and patients with CFS 6-9 points should be given
more medical resources and a higher level of care.

Frailty Index

The calculation method of FI is the ratio of the number
of defects existing in patients to the total number of
defects designed, including social characteristics, clinical signs,
symptoms, comorbidities, laboratory examination, and imaging
examinations. These items can be adjusted according to
individual differences. Kojima et al. (48, 49) believed that FI is a
good indicator of mortality risk for all patients, irrespective from
age and disability. Moreover, FI can evaluate frailty status in a
graded manner to make a more precise risk prediction, rather
than just three frailty categorization by frailty phenotype (robust,
pre-frail, and frail). However, the evaluation method of FI is time-
consuming and needs comprehensive geriatric assessment (49).
The establishment of electronic FI simplifies the use of FI, and
Clegg et al. demonstrated that electronic FI is a reliable predictor
for mortality (50). With the popularization of electronic medical
records in hospitals, the use of electronic FI to predict mortality
in elderly patients with COVID-19 is considered convenient and
feasible (51).

Frailty Phenotype

Frailty phenotype, developed and verified by Fried et al. in
2001, is a commonly used evaluation method to identify frailty
or pre-frailty in current studies (5). Subjects were diagnosed
as frailty if three or more of the following five criteria are
met: decreased walking speed, decreased grip strength, decreased
physical activity, fatigue, and unexplained weight loss. Fried et
al. demonstrated that FP provides a potential basis for clinical
assessment for those who are frail or at risk, which could be used
for pre-clinical evaluation (49), and for future research to develop
interventions for frailty based on a standardized ascertainment
of frailty (6). Cesari et al. FP is deemed to have a high relation
with nutritional status (52), which may be more suitable for
the evaluation of elderly COVID-19 patients with anorexia. It is

also more reasonable to give nutritional supplements to patients
based on FP. Petermann-Rocha et al. (53) found that there is no
significant difference between FP and FI in evaluating COVID-19
patients combined with frailty. However, FP is not applicable to
disabled older patients for that it requires objective measurement
of stride speed and grip strength (49).

The Frail Scale

As FP is not applicable for patients with impaired physical
function or patients in the acute phase whose grip strength
and gait speed can’t be accurately measured, The FRAIL scale
was provided by the International Society of Nutrition and
Aging. The assessment of FRAIL is similar to FP. However, the
assessment of FP is based entirely on patients themselves, without
any measurement tools. Aprahamian et al. proved that FRAIL
can be used as a screening instrument for frailty (time and cost-
effective) (54). As a simple and easy scale, it has been adopted
by many countries and regions (55). May et al. (56) conducted
a prospective cohort study of 114 elderly COVID-19 patients to
examine the association between frailty and COVID-19, and it
was demonstrated that the FRAIL scale can help to predict the
risk of frailty in elderly COVID-19 patients at an early stage.
Clinical work is busy, and frailty assessment for elderly patients
is labor- and time-consuming. FRAIL is of high sensitivity and
convenience, but accuracy is insufficient for that evaluation
methods based on the patient’s description alone. As a result, it
can be used for preliminary screening of frail patients to improve
clinical work efficiency.

Edmonton Frailty Scale

Compared with the above four evaluation methods, EFS covers
a wider range of assessment items, such as nutrition, mood,
and medication, which has good poly-dimension, credibility, and
internal consistency. Perna et al. (57) proved that EFS could not
only reflect the frailty risk of patients reliably, but also reveal the
reason for frailty. Similarly, EFS has an important relationship
with independent evaluation scales in various fields. Chan et
al. (58) found an important association between EFS and the
Geriatric Depression Scale (GDS). Faria et al. (59) found an
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important association between EFS and the Mini-Mental State
Examination (MMSE). Izawa et al. (60) found an important
association between EFS and the Mini-Nutritional Assessment
(MNA). Therefore, providing EFS for elderly patients with
COVID-19 and selecting appropriate independent assessment
scale according to EFS to give etiological therapy may be
beneficial to improve the prognosis of old COVID-19 patients. At
present, there is a lack of relevant literature on evaluating elderly
COVID-19 patients with EFS, which needs to be studied urgently.

INTERVENTION MEASURE

Frailty is a dynamic and manageable process that can be
prevented, delayed or even reversed with interventions and
health strategies. At present, there is no recognized intervention
measures for COVID-19 with frailty. All reviews suggested the
adoption of regular physical exercise and nutrition support (34,
61, 62).

Physical Exercise

As people get older, their motion decreases and physical function
declines, increasing the risk of frailty. The American College
of Sports Medicine (ACSM) recommends multicomponent
exercise, including resistance exercise, aerobic exercise, and
coordination and balance exercises, as the best physical
intervention for preventing and improving frailty.

First of all, sarcopenia, as a common potential factor in frailty,
is characteristic of progressive and general loss of skeletal muscle
mass and strength with a risk of adverse outcomes such as
physical disability, poor quality of life and death (63). Resistance
exercise can improve muscle quality and function by damaging
the ultrastructural of muscle, releasing inflammatory cytokines
and growth factors, and increasing protein synthesis (64). One
meta-analysis found that intensities ranging from 70 to 95%
of 1-RM significantly increase muscle strength, but decreasing
the intensity of the weights to 30-40% of 1-RM during the
first 2 weeks of the program to reduce muscle soreness may be
more reasonable (65). Besides, resistance exercise also exerts a
mechanical load on bones consequently leading to increase in
the bone strength so as to reduce the incidence of osteoporosis
(66). Secondly, aerobic exercise (such as swimming, cycling, and
walking) is also indispensable. Aerobic exercise ensures adequate
oxygen supply and transport of nutrients and metabolites and
maintains the normal functioning of tissues and organs. It is
beneficial to increase brain blood flow in old people, nourish
nerve, and help improve cognitive function (67). Finally, fall is a
common problem for older people, and coordination and balance
exercises can help old people adjust their posture. At the same
time, resistance exercise can strengthen the skeletal system, and
aerobic exercise can improve the nervous system, which can all
prevent patients from fall (68). A random controlled experiment
showed that there are 29-60% proportional reductions in the
incidence, duration, and overall severity of acute respiratory
infection in the group in which patients insist on physical
exercise at a moderate intensity (69). More and more researchers
believed that physical exercise can enhance the immune response
and mitochondrial antiviral ability to improve the prognosis of

COVID-19 (70). Meanwhile, it is necessary for elderly COVID-
19 patients to do physical exercise at home to help control
COVID-19 transmission during a pandemic (71).

Nutrition Support

As the main contributor of muscle anabolism in the elderly,
protein is an indispensable energy substance. A long-term study
suggested that protein supplementation for 24 weeks (15 g of milk
protein daily at breakfast and lunch), coupled with resistance
training, can improve muscle mass, strength, and physical
function (72). More protein intake does not mean healthier,
and excessive intake may increase the risk of frailty (73). The
distribution of protein intake is more important than the total
protein intake, and frailty patients tend to consume more protein
at noon, and less in the morning (74). Supplementing protein
according to the consumption may be much conducive to the
prevention and relief of frailty. At the same time, the source
of protein is important, and plant protein and soy protein are
better for lowering LDL-c and protecting the cardiovascular
system (75).

The endogenous antioxidant function of the elderly decreases
with age, and the sensitivity to oxidative stress increases.
Oxidative stress can accelerate the generation of osteoclasts
and the apoptosis of osteoblasts, which does not only lead to
osteoporosis, but also impair heart and brain function, and
increase the risk of frailty in old people (76). Carotenoids
from fruits and vegetables have obvious antioxidant effect and
reduce oxidative stress by destroying the formation of oxygen
free radicals. It can also reduce the inflammatory cytokines
induced by AB42 and inhibit the inflammatory response which
could be beneficial in inhibiting the inflammatory progression
of COVID-19 (77). It also plays an important role in the
cognitive impairment. Carotenoids have a high binding force
with Alzheimer’s disease-related receptors (histone deacetylase
and P53 kinase receptors) (78), which could become antagonists
of Alzheimer’s disease. According to relevant studies, long-term
carotenoid supplementation at a dose of 10 mg/day is safe and
effective. Excessive consumption of carotenoids increases the
risk of lung cancer that is not conducive to the prognosis of
COVID-19 (79, 80).

Elderly people are chronically low in calories. Schoufour et al.
observed that with every 418-4 kJ (100 kcal) increase, the odds
to be frail are 5% lower (81). But there is no evidence to support
the benefits of a high-calorie diet. Kim et al. (82) suggested that
maintaining a daily energy supplement of 400 Kcal and 25 g of
protein can significantly improve physical fitness and prognosis
of elderly patients with COVID-19.

Low levels of vitamins (such as A, D, E, B6, and B12) and
minerals (such as calcium, zinc, and selenium) are found to be
independent risk factors for frailty, which play important roles in
inhibiting inflammation, reducing oxidative stress, maintaining
muscle function, improving osteoporosis, and preventing falling.
Research showed the benefits on balance and muscle strength
with daily doses of 800 IU or more of vitamin D (83).

In addition, a reasonable diet structure is much conducive to
the absorption of nutrients. Mediterranean diet is generally
considered as a reasonable dietary structure, which is
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characterized by more intake of fresh fruits, vegetables, and
high-quality protein, less intake of red meat and dairy, and
moderate intake of drinking, mainly with wine. Multiple studies
showed that the Mediterranean diet is beneficial for prognosis of
old frail people (84).

Medical Intervention

It has been suggested that defects in multiple hormonal
systems are potential factors in the frailty (85). The main
endocrine hormone suitable for the medical intervention of
frailty include sex hormone, growth hormone, and insulin-
like growth factor (IGF). Androgen, including testosterone
and dehydroepiandrosterone, has the function of maintaining
musculoskeletal growth. In the elderly patients, the decreasing
androgens make them lose muscle mass and strength, so
that androgen replacement therapy could be beneficial for
them. However, Nair et al. (86) found that daily androgen
supplementation of 50 mg was not beneficial for muscles of
elderly men, and increased the risk of cardiovascular and prostate
adverse events. Progesterone is used primarily to stimulate
appetite to improve absorption of nutrient, but some studies
suggested that supplementation with progesterone after high-
intensity resistance training seems to impair the effects of
exercise, leading to decreased muscle mass, and function after
exercise (87). Growth hormone plays an important role in the
skeletal muscle growth. Insulin-like growth factor can regulate
the production of a variety of transcription factors, which
participates in inflammation and the expression of autophagy-
related genes that are key mechanisms associated with frailty (88).
However, there are few studies on the use of these hormones in
old COVID-19 patients combined with frailty, and the efficacy
and safety of them are still uncertain. More related studies are
needed for further confirmation.

In addition to hormone, a 16-week treatment with metformin
(500 mg twice daily) has been shown to improve walking speed
in frail patients (85). Probiotic can improve the physical strength
and grip strength of the elderly by regulating gastrointestinal
flora (89). Supplementation with L-carnitine (1.5 g/day) for 10
weeks significantly improved grip strength in the elderly, and
some subjects even changed from a pre-frailty state to a healthy
state after intervention (90). However, the above conclusions are
lack of sufficient evidences and need to be proved by further
researches. At present, the ICFSR does not recommend medical
intervention for frailty because its effectiveness is unclear, and it is

REFERENCES

1. Johns Hopkins University. (2021). COVID-19. Available online at: https://
coronavirus.jhu.edu/map.html (accessed March 1, 2021).

2. Maltese G, Corsonello A, Di Rosa M, Soraci L, Vitale C, Corica E et al.
Frailty and COVID-19: a systematic scoping review. ] Clin Med. (2020)
9:2106. doi: 10.3390/jcm9072106

3. Chode S, Malmstrom TK, Miller DK. Morley JE. Frailty,
diabetes, and mortality in middle-aged African Americans. ]
Nutr  Health  Aging. (2016) 20:854-9. doi: 10.1007/s12603-016-

0801-3

not possible to assess whether the benefits of medical intervention
outweigh the adverse consequences (91).

CONCLUSION

A series of studies suggested that elderly COVID-19 patients have
a high incidence of frailty, and frailty is detrimental to COVID-19
prognosis. Due to the interaction between frailty and COVID-
19, a vicious cycle leads to the poor prognosis. At present, there
is no generally accepted consensuses for the evaluation and
intervention of frailty in elderly patients with COVID-19, and
there is not enough clinical understanding of it. Therefore, it is
of great significance to improve the awareness of clinicians on
the importance of early recognition and intervention methods. In
clinical work, the elderly COVID-19 patients should be evaluated
as early as possible, and multi-component physical exercise
including resistance exercise, aerobic exercise, and coordination
and balance exercises should be recommended, following the
Mediterranean diet and avoiding mindless drug use.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

FUNDING

This work was funded by National Key R&D Program of
China (Nos. 2018YFC2002100, 2018YFC2002102); National
Natural Science Foundation of China (No. 81871115);
Cadre Health Care Research Project of Jiangsu Province
(No0.BJ20018); Natural Science Research Project of Colleges
and Universities in Jiangsu Province (No.20KJB320002);
Outstanding Young and Middle-aged Talents Support
Program of the First Affiliated Hospital with Nanjing Medical
University; The Six Talent Peaks Project in Jiangsu Province
(No. 2018-WSN-003); and The Jiangsu Province’s Youth Medical
Talents Program (QNRC2016593).

ACKNOWLEDGMENTS

We thank Bei Cheng (Johns Hopkins University School of
Medicine) for the linguistic assistance in the revision of
this review.

4. Vermeiren S, Vella-Azzopardi R, Beckwée D, Habbig AK,
Scafoglieri A, Jansen B, et al. Frailty and the prediction of negative
health outcomes: a meta-analysis. | Am Med Dir Assoc. (2016).
17:1163.e1-17. doi: 10.1016/j.jamda.2016.09.010

5. Morley JE, Vellas B, van Kan GA, Anker SD, Bauer JM. Bernabei R.
et al. Frailty consensus: a call to action. ] Am Med Dir Assoc. (2013)
14:392-7. doi: 10.1016/j.jamda.2013.03.022

6. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et
al. Cardiovascular Health Study Collaborative Research Group. Frailty in
older adults: evidence for a phenotype. ] Gerontol A Biol Sci Med Sci. (2001)
56:M146-56. doi: 10.1093/gerona/56.3.m146

Frontiers in Medicine | www.frontiersin.org

July 2021 | Volume 8 | Article 694367


https://coronavirus.jhu.edu/map.html
https://coronavirus.jhu.edu/map.html
https://doi.org/10.3390/jcm9072106
https://doi.org/10.1007/s12603-016-0801-3
https://doi.org/10.1016/j.jamda.2016.09.010
https://doi.org/10.1016/j.jamda.2013.03.022
https://doi.org/10.1093/gerona/56.3.m146
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

She et al.

Frailty in Older Adults With COVID-19

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Rockwood K, Mitnitski A. Frailty in relation to the accumulation of deficits. |

Gerontol A Biol Sci Med Sci. (2007) 62:722-7. doi: 10.1093/gerona/62.7.722

. Hoogendijk EO, Rockwood K, Theou O, Armstrong JJ, Onwuteaka-Philipsen

BD. Deeg DJH, et al. Tracking changes in frailty throughout later life: results
from a 17-year longitudinal study in the Netherlands. Age Ageing. (2018)
47:727-33. doi: 10.1093/ageing/afy081

. O’Caoimh R, Galluzzo L, Rodriguez-Laso A, Van der Heyden J, Ranhoff

AH. Lamprini-Koula M. et al. Prevalence of frailty at population
level in European ADVANTAGE Joint Action Member States: a
systematic review and meta-analysis. Ann Ist Super Sanita. (2018)
54:226-38. doi: 10.4415/ANN_18_03_10

Crow RS, Lohman MC, Titus AJ, Cook SB, Bruce ML, Mackenzie TA, et al.
Association of obesity and frailty in older adults: NHANES 1999-2004. ] Nutr
Health Aging. (2019) 23:138-44. doi: 10.1007/s12603-018-1138-x

He B, Ma Y, Wang C, Jiang M, Geng C, Chang X, et al. Prevalence
and risk factors for frailty among community-dwelling older people in
China: a systematic review and meta-analysis. ] Nutr Health Aging. (2019)
23:442-50. doi: 10.1007/s12603-019-1179-9

Hubbard RE, Lang IA, Llewellyn DJ, Rockwood K. Frailty, body mass index,
and abdominal obesity in older people. ] Gerontol A Biol Sci Med Sci. (2010)
65:377-81. doi: 10.1093/gerona/glp186

Feng Z, Lugtenberg M, Franse C, Fang X, Hu S, Jin C, et al. Risk
factors and protective factors associated with incident or increase of frailty
among community-dwelling older adults: a systematic review of longitudinal
studies. PLoS ONE. (2017) 12:¢0178383. doi: 10.1371/journal.pone.017
8383

Hoogendijk EO, Rijnhart JJM, Kowal P, Pérez-Zepeda MU, Cesari M,
Abizanda P, et al. Socioeconomic inequalities in frailty among older
adults in six low- and middle-income countries: results from the WHO
Study on global AGEing and adult health (SAGE). Maturitas. (2018)
115:56-63. doi: 10.1016/j.maturitas.2018.06.011

Gale CR, Westbury L, Cooper C. Social isolation and loneliness as risk factors
for the progression of frailty: the English longitudinal study of ageing. Age
Ageing. (2018) 47:392-7. doi: 10.1093/ageing/afx188

Hewitt J, Carter B, Vilches-Moraga A, Quinn TJ, Braude P, Verduri A, et
al. The effect of frailty on survival in patients with COVID-19 (COPE):
a multicentre, European, observational cohort study. Lancet Public Health.
(2020) 5:e444-51. doi: 10.1016/52468-2667(20)30146-8

Pranata R, Henrina ], Lim MA, Lawrensia S, Yonas E, Vania R,
et al. Clinical frailty scale and mortality in COVID-19: a systematic
review and dose-response meta-analysis. Arch Gerontol Geriatr. (2021)
93:104324. doi: 10.1016/j.archger.2020.104324

Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, et al. Clinical and
immunological features of severe and moderate coronavirus disease (2019).
J Clin Invest. (2020) 130:2620-9. doi: 10.1172/JCI137244
Ledford H. How does COVID-19  kill?
hampering doctors’ ability to choose treatments.
580:311-2. doi: 10.1038/d41586-020-01056-7

Mehta P, McAuley DE Brown M, Sanchez E, Tattersall RS, Manson JJ, et
al. COVID-19: consider cytokine storm syndromes and immunosuppression.
Lancet. (2020) 395:1033-4. doi: 10.1016/S0140-6736(20)30628-0

Pedersen SE, Ho YC. SARS-CoV-2: a storm is raging. ] Clin Invest. (2020)
130:2202-5. doi: 10.1172/JCI137647

Wang Y, van Boxel-Dezaire AH, Cheon H, Yang J, Stark GR.
STAT3 activation in response to IL-6 is prolonged by the binding
of IL-6 receptor to EGF receptor. Proc Natl Acad Sci USA. (2013)
110:16975-80. doi: 10.1073/pnas.1315862110

Semmarath W, Seesen M, Yodkeeree S, Sapbamrer R, Ayood P, Malasao R,
et al. The association between frailty indicators and blood-based biomarkers
in early-old community dwellers of Thailand. Int ] Environ Res Public Health.
(2019) 16:3457. doi: 10.3390/ijerph16183457

Walston J, McBurnie MA, Newman A, Tracy RP, Kop WJ, Hirsch CH, et
al. Frailty and activation of the inflammation and coagulation systems with
and without clinical comorbidities: results from the Cardiovascular Health
Study. Arch Intern Med. (2002) 162:2333-41. doi: 10.1001/archinte.162.
20.2333

Hubbard RE, Woodhouse KW. Frailty, inflammation and the elderly.
Biogerontology. (2010) 11:635-41. doi: 10.1007/s10522-010-9292-5

Uncertainty is

Nature. (2020)

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Bardhan K, Anagnostou T, Boussiotis VA. The PDI1:PD-L1/2 pathway
from discovery to clinical implementation. Front Immunol. (2016)
7:550. doi: 10.3389/fimmu.2016.00550

Hunter CA, Jones SA. IL-6 as a keystone cytokine in health and disease. Nat
Immunol. (2015) 16:448-57. doi: 10.1038/ni.3153

Wu W, Dietze KK, Gibbert K, Lang KS, Trilling M. Yan H,et al. TLR ligand
induced IL-6 counter-regulates the anti-viral CD8(+) T cell response during
an acute retrovirus infection. Sci Rep. (2015) 5:10501. doi: 10.1038/srep10501
Kovacs EJ, Boe DM, Boule LA, Curtis BJ. Inflammaging and the lung. Clin
Geriatr Med. (2017) 33:459-71. doi: 10.1016/j.cger.2017.06.002

Yao X, Li H, Leng SX. Inflammation and immune system alterations in frailty.
Clin Geriatr Med. (2011) 27:79-87. doi: 10.1016/j.cger.2010.08.002
Cruz-Jentoft AJ, Kiesswetter E, Drey M, Sieber
Nutrition, frailty, and sarcopenia. Aging Clin Exp Res.
29:43-8. doi: 10.1007/s40520-016-0709-0

Bouillon R, Marcocci C, Carmeliet G, Bikle D, White JH. Dawson-
Hughes B, et al. Skeletal and extraskeletal actions of vitamin D:
current evidence and outstanding questions. Endocr Rev. (2019)
40:1109-51. doi: 10.1210/er.2018-00126

Yannakoulia M, Ntanasi E, Anastasiou CA, Scarmeas N. Frailty and nutrition:
From epidemiological and clinical evidence to potential mechanisms.
Metabolism. (2017) 68:64-76. doi: 10.1016/j.metabol.2016.12.005
Zhavoronkov A. Geroprotective and senoremediative strategies to
reduce the comorbidity, infection rates, severity, and lethality in
gerophilic and gerolavic infections. Aging (Albany NY). (2020)
12:6492-510. doi: 10.18632/aging.102988

Denke C, Balzer F, Menk M, Szur S, Brosinsky G, Tafelski S, et
al. Long-term sequelae of acute respiratory distress syndrome caused
by severe community-acquired pneumonia: delirium-associated cognitive
impairment and post-traumatic stress disorder. J Int Med Res. (2018)
46:2265-83. doi: 10.1177/0300060518762040

Goto R, Watanabe H, Tanaka N. Kanamori T, Yanagi H. Factors associated with
recovery of activities of daily living in elderly pneumonia patients. Gen Med.
(2015) 16:68-75. doi: 10.14442/general.16.68

Martin-Salvador A, Torres-Sanchez I, Séez-Roca G, Lopez-Torres I,
Rodriguez-Alzueta E, Valenza MC. Age group analysis of psychological,
physical and functional deterioration in patients hospitalized for
pneumonia.  Arch  Bronconeumol.  (2015).  51:496-501  (English,
Spanish). doi: 10.1016/j.arbres.2014.11.009

Iwashyna TJ, Ely EW, Smith DM, Langa KM. Long-term cognitive
impairment and functional disability among survivors of severe sepsis. JAMA.
(2010) 304:1787-94. doi: 10.1001/jama.2010.1553

Schweickert WD, Pohlman MC, Pohlman AS, Nigos C, Pawlik AJ,
Esbrook CL, et al. Early physical and occupational therapy in mechanically
ventilated, critically ill patients: a randomised controlled trial. Lancet. (2009)
373:1874-82.doi: 10.1016/50140-6736(09)60658-9
Chiu MJ. Systemic may
deterioration and  neurodegeneration.  Crit
42:1282-3. doi: 10.1097/CCM.0000000000000205
Hokkanen L, Launes J, Poutiainen E, Valanne L, Salonen O, Sirén J, et al.
Subcortical type cognitive impairment in herpes zoster encephalitis. ] Neurol.
(1997) 244:239-45. doi: 10.1007/s004150050078

Reichenberg A, Yirmiya R, Schuld A, Kraus T, Haack M, Morag A, et al.
Cytokine-associated emotional and cognitive disturbances in humans. Arch
Gen Psychiatry. (2001) 58:445-52. doi: 10.1001/archpsyc.58.5.445

Grande G, Qiu C, Fratiglioni L. Prevention of dementia in an ageing
world: Evidence and biological rationale. Ageing Res Rev. (2020)
64:101045. doi: 10.1016/j.arr.2020.101045

Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB. McDowell Let al.
A global clinical measure of fitness and frailty in elderly people. CMAJ. (2005)
173:489-95. doi: 10.1503/cmaj.050051

Church S, Rogers E, Rockwood K, Theou O. A scoping review of the Clinical
Frailty Scale. BMC Geriatr. (2020) 20:393. doi: 10.1186/s12877-020-01801-7
Labenz C, Kremer WM, Schattenberg JM, Worns MA, Toenges G, Weinmann
A, etal. Clinical Frailty Scale for risk stratification in patients with SARS-CoV-
2 infection. J Investig Med. (2020) 68:1199-202. doi: 10.1136/jim-2020-001410
Sablerolles RSG, Lafeber M, van Kempen JAL, van de Loo BPA, Boersma
E, Rietdijk WJR, et al. Association between Clinical Frailty Scale score

CC.
(2017)

infections cause

Med.

cognitive

Care (2014)

Frontiers in Medicine | www.frontiersin.org

July 2021 | Volume 8 | Article 694367


https://doi.org/10.1093/gerona/62.7.722
https://doi.org/10.1093/ageing/afy081
https://doi.org/10.4415/ANN_18_03_10
https://doi.org/10.1007/s12603-018-1138-x
https://doi.org/10.1007/s12603-019-1179-9
https://doi.org/10.1093/gerona/glp186
https://doi.org/10.1371/journal.pone.0178383
https://doi.org/10.1016/j.maturitas.2018.06.011
https://doi.org/10.1093/ageing/afx188
https://doi.org/10.1016/S2468-2667(20)30146-8
https://doi.org/10.1016/j.archger.2020.104324
https://doi.org/10.1172/JCI137244
https://doi.org/10.1038/d41586-020-01056-7
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1172/JCI137647
https://doi.org/10.1073/pnas.1315862110
https://doi.org/10.3390/ijerph16183457
https://doi.org/10.1001/archinte.162.20.2333
https://doi.org/10.1007/s10522-010-9292-5
https://doi.org/10.3389/fimmu.2016.00550
https://doi.org/10.1038/ni.3153
https://doi.org/10.1038/srep10501
https://doi.org/10.1016/j.cger.2017.06.002
https://doi.org/10.1016/j.cger.2010.08.002
https://doi.org/10.1007/s40520-016-0709-0
https://doi.org/10.1210/er.2018-00126
https://doi.org/10.1016/j.metabol.2016.12.005
https://doi.org/10.18632/aging.102988
https://doi.org/10.1177/0300060518762040
https://doi.org/10.14442/general.16.68
https://doi.org/10.1016/j.arbres.2014.11.009
https://doi.org/10.1001/jama.2010.1553
https://doi.org/10.1016/S0140-6736(09)60658-9
https://doi.org/10.1097/CCM.0000000000000205
https://doi.org/10.1007/s004150050078
https://doi.org/10.1001/archpsyc.58.5.445
https://doi.org/10.1016/j.arr.2020.101045
https://doi.org/10.1503/cmaj.050051
https://doi.org/10.1186/s12877-020-01801-7
https://doi.org/10.1136/jim-2020-001410
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

She et al.

Frailty in Older Adults With COVID-19

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

and hospital mortality in adult patients with COVID-19 (COMET): an
international, multicentre, retrospective, observational cohort study. Lancet
Healthy Longev. (2021) 2:e163-70. doi: 10.1016/S2666-7568(21)00006-4
Kojima G, Iliffe S, Walters K. Frailty index as a predictor of mortality:
a systematic review and meta-analysis. Age Ageing. (2018) 47:193-
200. doi: 10.1093/ageing/afx162

Cesari M, Gambassi G, van Kan GA, Vellas B. The frailty phenotype and the
frailty index: different instruments for different purposes. Age Ageing. (2014)
43:10-2. doi: 10.1093/ageing/aft160

Clegg A, Bates C, Young J, Ryan R, Nichols L, Teale EA, et al.
Development and validation of an electronic frailty index using
routine primary care electronic health record data. Age Ageing. (2018)
47:319. doi: 10.1093/ageing/afx001

Bellelli G, Rebora P, Valsecchi MG, Bonfanti P, Citerio G. COVID-19 Monza
Team members. Frailty index predicts poor outcome in COVID-19 patients.
Intensive Care Med. (2020) 46:1634-6. doi: 10.1007/s00134-020-06087-2

Dos Reis PE de Franga PS, Dos Santos MP, Martucci RB. Influence
of nutritional status and frailty phenotype on health-related quality of
life of patients with bladder or kidney cancer. Support Care Cancer.
(2021). doi: 10.1007/s00520-021-06058-3. [Epub ahead of print].
Petermann-Rocha F, Hanlon P, Gray SR, Welsh P, Gill JMR, Foster H, et al.
Comparison of two different frailty measurements and risk of hospitalisation
or death from COVID-19: findings from UK Biobank. BMC Med. (2020)
18:355. doi: 10.1186/512916-020-01822-4

Aprahamian I, Cezar NOC, Izbicki R, Lin SM, Paulo DLV, Fattori
A, et al. Screening for frailty with the FRAIL Scale: a comparison
with the phenotype criteria. ] Am Med Dir Assoc. (2017) 18:592-
6. doi: 10.1016/j.jamda.2017.01.009

Gardiner PA, Mishra GD, Dobson AJ. Validity and responsiveness of the
FRAIL scale in a longitudinal cohort study of older Australian women. ] Am
Med Dir Assoc. (2015) 16:781-3. doi: 10.1016/j.jamda.2015.05.005

Ma Y, Hou L, Yang X, Huang Z, Yang X, Zhao N, et al. The association
between frailty and severe disease among COVID-19 patients aged over
60 years in China: a prospective cohort study. BMC Med. (2020)
18:274. doi: 10.1186/s12916-020-01761-0

Perna S, Francis MD, Bologna C, Moncaglieri F, Riva A, Morazzoni P, et al.
Performance of Edmonton Frail Scale on frailty assessment: its association
with multi-dimensional geriatric conditions assessed with specific screening
tools. BMC Geriatr. (2017) 17:2. doi: 10.1186/s12877-016-0382-3

Chan DC, Tsou HH, Chen CY, Chen CY. Validation of the Chinese-Canadian
study of health and aging clinical frailty scale (CSHA-CFS) telephone
version. Arch Gerontol Geriatr. (2010) 50:e74-80. doi: 10.1016/j.archger.2009.
06.004

Faria Cde A, Lourengo RA, Ribeiro PC, Lopes CS. Desempenho cognitivo e
fragilidade em idosos clientes de operadora de satide [Cognitive performance
and frailty in older adults clients of a private health care plan]. Rev Saude Publ.
(2013). 47:923-30. Portuguese. doi: 10.1590/s0034-8910.2013047004451
Izawa S, Kuzuya M, Okada K, Enoki H, Koike T, Kanda S, et al. The nutritional
status of frail elderly with care needs according to the mini-nutritional
assessment. Clin Nutr. (2006) 25:962-7. doi: 10.1016/j.cInu.2006.05.006
Moccia E Gerbino A, Lionetti V, Miragoli M, Munaron LM, Pagliaro P, et
al. COVID-19-associated cardiovascular morbidity in older adults: a position
paper from the Italian Society of Cardiovascular Researches. Geroscience.
(2020) 42:1021-49. doi: 10.1007/s11357-020-00198-w

Silver JK. Prehabilitation May Help Mitigate an increase in COVID-19
peripandemic surgical morbidity and mortality. Am ] Phys Med Rehabil.
(2020) 99:459-63. doi: 10.1097/PHM.0000000000001452

Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al.
Sarcopenia: European consensus on definition and diagnosis: report of the
European working group on sarcopenia in older people. Age Ageing. (2010)
39:412-23. doi: 10.1093/ageing/afq034

Calvani R, Joseph AM, Adhihetty PJ, Miccheli A, Bossola M, Leeuwenburgh
C, et al. Mitochondrial pathways in sarcopenia of aging and disuse muscle
atrophy. Biol Chem. (2013) 394:393-414. doi: 10.1515/hsz-2012-0247

de Labra C, Guimaraes-Pinheiro C, Maseda A, Lorenzo T, Millin-Calenti
JC. Effects of physical exercise interventions in frail older adults: a
systematic review of randomized controlled trials. BMC Geriatr. (2015)
15:154. doi: 10.1186/s12877-015-0155-4

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Hong AR, Kim SW. Effects of resistance exercise on bone health. Endocrinol
Metab (Seoul). (2018) 33:435-44. doi: 10.3803/EnM.2018.33.4.435

Smith KJ, Ainslie PN. Regulation of cerebral blood flow and metabolism
during exercise. Exp Physiol. (2017) 102:1356-71. doi: 10.1113/EP086249
Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, Galuska DA, et
al. The physical activity guidelines for Americans. JAMA. (2018) 320:2020-
8. doi: 10.1001/jama.2018.14854

Barrett B, Hayney MS, Muller D, Rakel D, Brown R, Zgierska AE, et
al. Meditation or exercise for preventing acute respiratory infection
(MEPARI-2): a randomized controlled trial. PLoS ONE. (2018)
13:¢0197778. doi: 10.1371/journal.pone.0197778

Ubaida-Mohien C, Gonzalez-Freire M, Lyashkov A, Moaddel R, Chia CW,
Simonsick EM, et al. Physical activity associated proteomics of skeletal muscle:
being physically active in daily life may protect skeletal muscle from aging.
Front Physiol. (2019) 10:312. doi: 10.3389/fphys.2019.00312

Franklin M, Hunter RM. A modelling-based economic evaluation of primary-
care-based fall-risk screening followed by fall-prevention intervention: a
cohort-based Markov model stratified by older age groups. Age Ageing. (2019)
49:57-66. doi: 10.1093/ageing/afz125

Tieland M, Dirks ML, van der Zwaluw N, Verdijk LB, van de Rest O,
de Groot LC, et al. Protein supplementation increases muscle mass gain
during prolonged resistance-type exercise training in frail elderly people:
a randomized, double-blind, placebo-controlled trial. ] Am Med Dir Assoc.
(2012) 13:713-9. doi: 10.1016/j.jamda.2012.05.020

Coelho-Jtnior HJ, Rodrigues B, Uchida M, Marzetti E. Low protein intake is
associated with frailty in older adults: a systematic review and meta-analysis
of observational studies. Nutrients. (2018) 10:1334. doi: 10.3390/nu10091334
Bollwein ], Diekmann R, Kaiser MJ, Bauer JM, Uter W, Sieber CC, et al.
Distribution but not amount of protein intake is associated with frailty:
a cross-sectional investigation in the region of Niirnberg. Nutr J. (2013)
12:109. doi: 10.1186/1475-2891-12-109

Pedersen AN, Kondrup ], Borsheim E. Health effects of protein intake
in healthy adults: a systematic literature review. Food Nutr Res. (2013).
2013:57. doi: 10.3402/fnr.v57i0.21245

Liguori I, Russo G, Curcio E Bulli G, Aran L, Della-Morte D, et
al. Oxidative stress, aging, and diseases. Clin Interv Aging. (2018)
13:757-72. doi: 10.2147/CIA.S158513

Cheng HM, Koutsidis G, Lodge JK, Ashor AW, Siervo M, Lara J. Lycopene
and tomato and risk of cardiovascular diseases: a systematic review and
meta-analysis of epidemiological evidence. Crit Rev Food Sci Nutr. (2019)
59:141-58. doi: 10.1080/10408398.2017.1362630

Krishnaraj RN, Kumari SS, Mukhopadhyay SS. Antagonistic molecular
interactions of photosynthetic pigments with molecular disease targets: a
new approach to treat AD and ALS. ] Recept Signal Transduct Res. (2016)
36:67-71. doi: 10.3109/10799893.2015.1024851

Buscemi S, Corleo D, Di Pace F Petroni ML, Satriano A, Marchesini
G. The effect of lutein on eye and extra-eye health. Nutrients. (2018)
10:1321. doi: 10.3390/nu10091321

Gorusupudi A, Nelson K, Bernstein PS. The age-related eye disease 2 STUDY:
micronutrients in the treatment of macular degeneration. Adv Nutr. (2017)
8:40-53. doi: 10.3945/an.116.013177

Schoufour JD, Franco OH, Kiefte-de Jong JC, Trajanoska K, Stricker B,
Brusselle G, et al. The association between dietary protein intake, energy
intake and physical frailty: results from the Rotterdam Study. Br ] Nutr.
(2019) 121:393-401.doi: 10.1017/S0007114518003367

Kim CO, Lee KR. Preventive effect of protein-energy supplementation on
the functional decline of frail older adults with low socioeconomic status: a
community-based randomized controlled study. ] Gerontol A Biol Sci Med Sci.
(2013) 68:309-16. doi: 10.1093/gerona/gls167

Muir SW, Montero-Odasso M. Effect of vitamin D supplementation
on muscle strength, gait and balance in older
systematic review and meta-analysis. ] Am Geriatr
59:2291-300. doi: 10.1111/j.1532-5415.2011.03733.x

Kojima G, Avgerinou C, Iliffe S, Walters K. Adherence to mediterranean diet
reduces incident frailty risk: systematic review and meta-analysis. ] Am Geriatr
Soc. (2018) 66:783-8. doi: 10.1111/jgs.15251

Clegg A, Hassan-Smith Z. Frailty and the endocrine system. Lancet Diabetes
Endocrinol. (2018) 6:743-52. doi: 10.1016/S2213-8587(18)30110-4

adults: a
Soc.  (2011)

Frontiers in Medicine | www.frontiersin.org

July 2021 | Volume 8 | Article 694367


https://doi.org/10.1016/S2666-7568(21)00006-4
https://doi.org/10.1093/ageing/afx162
https://doi.org/10.1093/ageing/aft160
https://doi.org/10.1093/ageing/afx001
https://doi.org/10.1007/s00134-020-06087-2
https://doi.org/10.1007/s00520-021-06058-3
https://doi.org/10.1186/s12916-020-01822-4
https://doi.org/10.1016/j.jamda.2017.01.009
https://doi.org/10.1016/j.jamda.2015.05.005
https://doi.org/10.1186/s12916-020-01761-0
https://doi.org/10.1186/s12877-016-0382-3
https://doi.org/10.1016/j.archger.2009.06.004
https://doi.org/10.1590/s0034-8910.2013047004451
https://doi.org/10.1016/j.clnu.2006.05.006
https://doi.org/10.1007/s11357-020-00198-w
https://doi.org/10.1097/PHM.0000000000001452
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1515/hsz-2012-0247
https://doi.org/10.1186/s12877-015-0155-4
https://doi.org/10.3803/EnM.2018.33.4.435
https://doi.org/10.1113/EP086249
https://doi.org/10.1001/jama.2018.14854
https://doi.org/10.1371/journal.pone.0197778
https://doi.org/10.3389/fphys.2019.00312
https://doi.org/10.1093/ageing/afz125
https://doi.org/10.1016/j.jamda.2012.05.020
https://doi.org/10.3390/nu10091334
https://doi.org/10.1186/1475-2891-12-109
https://doi.org/10.3402/fnr.v57i0.21245
https://doi.org/10.2147/CIA.S158513
https://doi.org/10.1080/10408398.2017.1362630
https://doi.org/10.3109/10799893.2015.1024851
https://doi.org/10.3390/nu10091321
https://doi.org/10.3945/an.116.013177
https://doi.org/10.1017/S0007114518003367
https://doi.org/10.1093/gerona/gls167
https://doi.org/10.1111/j.1532-5415.2011.03733.x
https://doi.org/10.1111/jgs.15251
https://doi.org/10.1016/S2213-8587(18)30110-4
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

She et al.

Frailty in Older Adults With COVID-19

86.

87.

88.

89.

90.

Nair KS, Rizza RA, O’Brien P, Dhatariya K, Short KR, Nehra A, et al. DHEA
in elderly women and DHEA or testosterone in elderly men. N Engl ] Med.
(2006) 355:1647-59. doi: 10.1056/NEJMo0a054629

Sullivan DH, Roberson PK, Smith ES, Price JA, Bopp MM. Effects of
muscle strength training and megestrol acetate on strength, muscle mass,
and function in frail older people. | Am Geriatr Soc. (2007) 55:20-
8. doi: 10.1111/j.1532-5415.2006.01010.x

Laksmi PW, Setiati S, Tamin TZ, Soewondo P, Rochmah W, Nafrialdi
N, et al. Effect of metformin on handgrip strength, gait speed, myostatin
serum level, and health-related quality of life: a double blind randomized
controlled trial among non-diabetic pre-frail elderly patients. Acta Med
Indones. (2017) 49:118-27.

Buigues C, Fernandez-Garrido J, Pruimboom L, Hoogland AJ, Navarro-
Martinez R. Martinez-Martinez M, et al. Effect of a prebiotic formulation
on frailty syndrome: a randomized, double-blind clinical trial. Int J Mol Sci.
(2016) 17:932. doi: 10.3390/ijms17060932

Badrasawi M, Shahar S, Zahara AM, Nor Fadilah R, Singh DK. Efficacy of
L-carnitine supplementation on frailty status and its biomarkers, nutritional
status, and physical and cognitive function among prefrail older adults: a

91.

double-blind, randomized, placebo-controlled clinical trial. Clin Interv Aging.
(2016) 11:1675-86. doi: 10.2147/CIA.S113287

Apostolo J, Cooke R, Bobrowicz-Campos E, Santana S, Marcucci M,
Cano A, et al. Effectiveness of interventions to prevent pre-frailty and
frailty progression in older adults: a systematic review. JBI Database
System Rev Implement Rep. (2018) 16:140-232. doi: 10.11124/JBISRIR-2017-
003382

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 She, Chen, Liu, Li, Zhao and Wu. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Medicine | www.frontiersin.org

July 2021 | Volume 8 | Article 694367


https://doi.org/10.1056/NEJMoa054629
https://doi.org/10.1111/j.1532-5415.2006.01010.x
https://doi.org/10.3390/ijms17060932
https://doi.org/10.2147/CIA.S113287
https://doi.org/10.11124/JBISRIR-2017-003382~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Frailty Pathogenesis, Assessment, and Management in Older Adults With COVID-19
	Introduction
	Definition of Frailty
	Epidemiology
	Potential Pathogenesis
	Post-COVID-19 Implications
	Evaluation Method
	Clinical Frailty Scale
	Frailty Index
	Frailty Phenotype
	The Frail Scale
	Edmonton Frailty Scale

	Intervention Measure
	Physical Exercise
	Nutrition Support
	Medical Intervention

	Conclusion
	Author Contributions
	Funding
	Acknowledgments
	References


