
Journal of

Clinical Medicine

Review

Effects of Exercise Interventions on Inflammatory Parameters in
Acutely Hospitalized Older Patients: A Systematic Review and
Meta-Analysis of Randomized Controlled Trials

Robinson Ramírez-Vélez 1,2 , Antonio García-Hermoso 1,3 , Nicolás Martínez-Velilla 1,2 ,
Fabricio Zambom-Ferraresi 1,2 , Mikel L. Sáez de Asteasu 1,2, Anel E. Recarey 1 and Mikel Izquierdo 1,2,*

����������
�������

Citation: Ramírez-Vélez, R.;

García-Hermoso, A.; Martínez-Velilla,

N.; Zambom-Ferraresi, F.; L. Sáez de

Asteasu, M.; Recarey, A.E.; Izquierdo,

M. Effects of Exercise Interventions

on Inflammatory Parameters in

Acutely Hospitalized Older Patients:

A Systematic Review and

Meta-Analysis of Randomized

Controlled Trials. J. Clin. Med. 2021,

10, 290. https://doi.org/10.3390/

jcm10020290

Received: 30 October 2020

Accepted: 13 January 2021

Published: 14 January 2021

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional clai-

ms in published maps and institutio-

nal affiliations.

Copyright: © 2021 by the authors. Li-

censee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Health Sciences, Public University of Navarra, 31008 Pamplona, Spain;
robin640@hotmail.com (R.R.-V.); antonio.garcia.h@usach.cl (A.G.-H.);
nicolas.martinez.velilla@navarra.es (N.M.-V.); fabriciogigante@hotmail.com (F.Z.-F.);
mikel.lopez.saezdeasteasu@gmail.com (M.L.S.d.A.); anel1115.recarey@gmail.com (A.E.R.)

2 Centro de Investigación Biomédica en Red de Fragilidad y Envejecimiento Saludable (CIBERFES),
Instituto de Salud Carlos III, 28029 Madrid, Spain

3 Laboratorio de Ciencias de la Actividad Física, el Deporte y la Salud, Facultad de Ciencias Médicas,
Universidad Santiago de Chile, 7500618 Santiago, Chile

* Correspondence: mikel.izquierdo@gmail.com; Tel.: +34-948-417876

Abstract: The purpose of this systematic review and meta-analysis was to appraise the acute effects of
exercise training on inflammatory parameters in hospitalized older adults. We conducted a systematic
review using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines.
Web of Science, Medline and PubMed were searched for studies published until August 2020. The
review included all randomized controlled trials (RCTs) that evaluated and compared the effect of
exercise versus usual care on inflammatory parameters in acutely hospitalized older adults. Two
reviewers independently assessed the studies. The quality of all the included studies was assessed
using the DerSimonian–Laird random-effects inverse-variance model. Five studies (275 participants)
met the inclusion criteria. The exercise interventions included resistance or multicomponent in-
tervention programs. The results indicate that, compared with usual care, exercise interventions
have a positive impact on overall inflammatory parameters, including C-reactive protein (CRP)
and insulin-like growth factor-I (IGF-1) (Hedge’s g = −0.19, 95% confidence interval [CI] −0.33 to
−0.04, p = 0.011, I2 = 0%). However, analyses of individual inflammatory parameters revealed a
non-significant trend for reductions in CRP (Hedge’s g = −0.20, 95% CI −0.47 to 0.07, p = 0.151,
I2 = 31.2%) and IGF-I (Hedge’s g = −0.34, 95% CI −0.79 to 0.11, p = 0.138, I2 = 0%). On the basis of
this review, we conclude that exercise during acute hospitalization offers a mild improvement in the
inflammatory profile over usual care in older patients. Nevertheless, due to limited number of RCTs,
our findings must be interpreted with caution and confirmed in future studies.

Keywords: physical activity; aging; inflammation; hospitalization; elderly

1. Introduction

Hospitalization can result in rapid deconditioning, overall weakness and functional
decline [1], which is related to a substantial loss (~7–10%) in total lean leg mass in as
little as 7 days of in-hospital inactivity [2,3]. Loss of muscle mass in hospitalized older
patients is associated with a lower likelihood of survival [2,4], and can cause disability
even in healthy patients. Hospital-induced disability is—in turn—related to a loss of
the ability to independently perform one or more activities of daily living from hospital
admission to discharge in approximately one third of older patients, even in the case of
successful treatment [5,6]. It is also associated with an increased risk of re-admission and
mortality [5,6] and—in the case of critically ill patients—severe muscle wasting in the
first week of hospitalization [5,7]. This is due largely to the combination of disease and
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low mobility levels provoked by prolonged periods of bed rest and/or forced physical
inactivity [1–7].

Acute hospitalization per se frequently produces an inflammatory cascade in older
populations, inducing a catabolic effect on skeletal muscle metabolism [8]. Additionally, the
chronic low-grade inflammation associated with aging increases the vulnerability of older
adults to the negative impact of hospitalization because of its relationship with changes in
body composition and declining physical function [2,4].

Several non-pharmacological strategies have been shown to prevent the functional
decline that often accompanies periods of forced physical inactivity, such as those im-
posed by hospitalization. Early exercise and/or mobilization interventions—from simple
sit-to-stand and walking exercises to more complex resistance exercises—can stimulate
the release of skeletal muscle-derived myokines, which are responsible for some of the
beneficial effects of exercise in older adults, primarily by enhancing anti-inflammatory
pathways [2,9]. Likewise, it has been hypothesized that exercise interventions performed
by older adults during acute hospitalization elicit changes in protein content or function in
blood, contributing to the numerous multi-system health benefits observed with continued
training [10]. Thus, structured early exercise and rehabilitation programs can prevent
muscle function deterioration, abbreviate the periods of exacerbation of acute illness, and
reduce the impact of subsequent health crises in hospitalized older adults [9]. The potential
for early exercise and mobilization interventions in hospitalized older adults to increase
the anti-inflammatory and analgesic actions of medications and ameliorate inflammation
and age-related diseases is a relatively new concept in health promotion research that is
gaining traction as an important component of care for patients. Nevertheless, the acute
effect of exercise on inflammatory parameters during the hospitalization of older adults
remains undefined.

The purpose of this systematic review and meta-analysis was to analyze the acute
effects of exercise training on inflammatory parameters in acutely hospitalized older adults.
We hypothesized that the aforementioned interventions would favorably modulate inflam-
matory signaling during hospitalization compared to usual care, which might highlight
new signaling factors that contribute to physiological adaptions.

2. Methods

The conduct and reporting of the present systematic review and meta-analysis conform
to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [11].
This review was not prospectively registered.

2.1. Eligibility Criteria

The included studies were eligible if they met the population, intervention, compari-
son, outcomes and study design (PICOS) criteria listed in Table 1. In brief, the included
articles had to report exercise protocol and parameters, and the assessment of at least
one outcome of an inflammatory parameter. Exclusion criteria were the following: (i) a
single session of physical exercise or chronic experimental intervention (i.e., occurring also
after acute hospitalization); (ii) evaluation of inflammatory parameters only as a basal
assessment during the study; (iii) case-reports, case-series, single-case studies, dissertations,
and conference proceedings.

2.2. Information Sources and Search

The review included all randomized controlled trials (RCTs) that evaluated the ef-
fect of exercise compared with usual care on inflammatory parameters in older adults
during acute hospitalization. Queries of the literature were performed using the elec-
tronic databases Web of Science, Medline and PubMed for studies published in English
or Spanish from the earliest date available (1975) until August 2020. The search terms
employed through the scientific databases were made with a combination of subject head-
ings and text words for older adults, inpatients, exercise, and usual care: [(“older adults”
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OR “older patients” OR elderly OR elders OR geriatric* OR eldest OR oldest OR senior
OR octogenarian OR nonagenarian OR centenarian) AND (hospital* OR “acute care” OR
inpatient) AND (physical activity OR exercise* OR “physical therapy” OR rehabilitation
OR training OR mobilization OR ambulat*) AND (random* OR control* OR “usual care”)]
AND (“inflammation” OR inflame). We narrowed down the search by including only RCTs.
The complete search strategy is shown in Supplementary Material Table S1.

Table 1. Inclusion criteria.

Design:

Randomized controlled trials (RCTs)
Parallel and crossover design trials were included

Published in English or Spanish
Participants:

Older adults (mean age ≥65 years)
Intervention:

Exercise training
Outcome measures:

Inflammatory parameters
Comparisons:

Exercise versus usual care or attention (control), based on a traditional parallel RCTs design
The same group of subjects performing different interventions versus no intervention, based on a

crossover RCTs design

2.3. Study Selection and Data Collection Process

Potentially eligible studies identified by the search strategy were independently
screened by two reviewers (A.G.-H. and R.R.-V.) through the evaluation of titles and
abstracts. If an abstract did not provide enough information for evaluation based on the
inclusion and exclusion criteria, the full article was retrieved for a full text assessment.

Regarding interventions, we recorded frequency (times per week and times per day),
session duration, type of exercise and intensity, volume (number of repetitions, series, and
exercises), and training place, to compare the similarity of training methods between trials.

2.4. Risk of Bias in Individual Studies

Two reviewers (A.G.-H. and R.R.-V.) independently assessed the methodological
quality using the Physiotherapy Evidence Database (PEDro) scale [12], which is based on
the Delphi List but modified by expert consensus to include two additional items (items 8
and 10). The Pedro scale scores 11 items: 1. eligibility criteria were specified; 2. subjects
were randomly allocated to groups (in a crossover study, subjects were randomly allocated
an order in which treatments were received); 3. allocation was concealed; 4. the groups
were similar at baseline regarding the most important prognostic indicators; 5. there was
blinding of all subjects; 6. there was blinding of all therapists who administered the therapy;
7. there was blinding of all assessors who measured at least one key outcome; 8. measures
of at least one key outcome were obtained from more than 85% of the subjects initially
allocated to groups; 9. all subjects for whom outcome measures were available received the
treatment or control condition as allocated or, where this was not the case, data for at least
one key outcome were analyzed by “intention to treat”; 10. the results of between-group
statistical comparisons are reported for at least one key outcome; 11. the study provides
both point measures and measures of variability for at least one key outcome. Each satisfied
item (except the first item) contributes 1 point to the total PEDro score (range = 0–10 points).
RCTs were considered of high quality when the PEDro score was ≥6.

2.5. Synthesis of Results

All analyses were conducted using the DerSimonian-Laird random-effects inverse-
variance model using STATA software (version 16.1; StataCorp, College Station, TX, USA).
Data were pooled only if outcomes were reported in at least two studies. Changes in
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both parameters in the RCTs were calculated by subtracting the differences between the
exercise and control groups using the pooled standard deviation (SD) of change in both
groups (Hedge’s g). If change score SDs were not available, they were calculated from 95%
confidence intervals (CI) for either change outcome or exercise training effect differences,
as well as pre- and post-SD values [13]. A subgroup analysis according to inflammatory
parameters was also included for C-reactive protein (CRP) and insulin-like growth factor-I
(IGF-1) data. Heterogeneity across RCTs was calculated using the inconsistency index
(I2) [14], and Egger’s regression intercept test was used to detect publication bias. No
sub-group analysis was performed due to the limited number of studies.

3. Results
3.1. Study Selection

A total of five RCTs were included in the meta-analysis [2,15–18]. The PRISMA flow
diagram is shown in Figure 1.
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Figure 1. Flowchart of literature search.

3.2. Study Characteristics

A summary of the five studies included in this study is detailed in Table 2. The
studies involved a total of 275 participants (mean age of 78.8 years), ranging from 36 [18]
to 76 [15] older adults per study. All RCTs included males and females (64.8% and 35.2%,
respectively).

The studies were conducted at hospitals in France [15], Belgium [18], Brazil [16]
and Spain [2,17]. Three studies included patients with chronic obstructive pulmonary
disease [16–18] and two studies included patients with general medical conditions [2,15].
Exercise interventions included resistance [15,16,18] or multicomponent [2,17] intervention
programs.
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Table 2. Summary of included studies.

Author, Year, Country Sample (% Female)/Age
(Range or Mean) Type Intervention Length

(Days)
Frequency

(Sessions/Day)
Duration

(min) Inflammatory Parameters

Blanc-Bisson et al., 2008 [15]; France 76 (28%)/85.4 years old Resistance 5 2 30 C-reactive protein

Borges and Carvalho., 2014 [16]; Brazil 39 (37.9%)/65.9 years old Resistance 3 1 - IL-6; IL-8; IL-10; IL12p-70; IL-1β, Tumor
necrosis factor-α; C-reactive protein

Martínez-Velilla et al., 2020 [17]; Spain 86 (43%)/87 years old Multicomponent 5–7 2 20 C-reactive protein

Ramírez-Vélez et al., 2020 [19]; Spain 38 (42.1%)/87.9 years old Multicomponent 5–7 2 20 Insulin like growth factor-I

Troosters et al., 2010 [18]; Belgium 36 (25%)/68 years old Resistance 7 1 -
C-reactive protein; White blood cells
neutrophil count; Insulin like growth

factor-I

IL, interleukin.
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3.3. Risk of Bias within Studies

All included RCTs used a random allocation between groups and provided points
and estimates of variability. Only two studies used a concealed allocation [16,18]. Blind-
ing of participants and therapists was not possible because of the nature of the exercise
interventions. Assessor blinding was employed in three of the RCTs [2,16,17]. Four studies
could be considered as high quality. Details are described in Table 3.

Table 3. Assessment risk of bias (PEDro scale).

Study, Year 1 * 2 3 4 5 6 7 8 9 10 11 Total

Blanc-Bisson et al.; (2008) [15] 1 1 0 1 0 0 0 0 1 1 1 5

Borges and Carvalho.; (2014) [16] 0 1 1 1 0 0 1 0 0 1 1 6

Martínez-Velilla et al.; (2020) [17] 1 1 0 1 0 0 1 0 1 1 1 6

Ramírez-Vélez et al.; (2020) [19] 1 1 0 1 0 0 1 0 1 1 1 6

Troosters et al.; (2010) [18] 1 1 1 1 0 0 0 1 0 1 1 6

* Item 1 does not contribute to the total score.

3.4. Synthesis of Results

The results indicate that exercise significantly decreased overall inflammation as
compared with usual care (Hedge’s g = −0.19, 95% CI −0.33 to −0.04, p = 0.011, I2 = 0%)
(Figure 2). However, analyses of individual inflammatory parameters showed a non-
significant trend for reductions in CRP (Hedge’s g = −0.20, 95% CI −0.47 to 0.07, p = 0.151,
I2 = 31.2%) and IGF-I (Hedge’s g = −0.34, 95% CI −0.79 to 0.11, p = 0.138, I2 = 0%)
(Supplementary Material Figure S1).
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Regarding publication bias, the results show a p-value of 0.297, reflecting no publica-
tion bias for the present meta-analysis (i.e., no small-study effects).
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4. Discussion

The main aim of this systematic review and meta-analysis was to appraise the effects
of exercise training, mainly resistance protocols, on inflammatory parameters in acutely
hospitalized older adults. Although our findings must be interpreted carefully due to the
limited number of RCTs assessed, results indicate that exercise during acute hospitalization
could offer a mild improvement in the inflammatory status as compared with usual care.
Therefore, physical exercise during acute hospitalization could decrease the vulnerability
of older adults to risks normally incurred during their hospital stay [2,4].

Several studies have confirmed that physical exercise is an effective treatment modality
to improve exercise tolerance, reduce morbimortality, and enhance functional and cognitive
capacity in older adults during acute care hospitalization, thus improving their quality of
life during and following this period [2,9,17,20–22]. However, there is a paucity of studies
exploring the physiological mechanisms that control these changes.

Chronic systemic inflammation is characterized by a dysregulated immune response
that fails to resolve naturally, which exacerbates the mobilization of defense components to
create a long-term unresolved immune response [23]. Chronic systemic inflammation is
related to impaired physical function, morbidity and mortality in the elderly and is impli-
cated in several age-related conditions, such as frailty and sarcopenia syndrome, diseases
associated with cognitive impairment such as Alzheimer’s disease, diseases associated
with cardiometabolic impairment such as atherosclerosis, hypertension and diabetes, and
also with cancer [24–31]. Physical exercise is hypothesized to reduce age-related inflam-
mation through the stimulation of various physiological mechanisms—thus improving
the quality of life and general health of the elderly [17,26]. In this regard, previous studies
have assessed the effects of different types of exercise training on inflammation in healthy
older adults, older adults with specific diseases or conditions, and in frail older adults,
showing its benefits. For example, in a systematic review of 34 studies, Liberman et al.,
2017 [27] concluded that different types of exercise intervention have variable effects on
inflammation, principally by lowering the circulating levels of the biomarkers CRP, IL-6
and other inflammatory proteins, which appear to mediate some of the metabolic effects
of exercise.

The studies included in the present review [2,15–18] assessed the effects of resistance or
multicomponent exercise intervention on circulating proteins associated with inflammation
and its processes, including CRP [15–18], IGF-I [2,18] and IL-6 [16]. CRP is an acute-
phase hepatic protein, the circulating levels of which increase in response to inflammation.
Specifically, CRP is released in response to IL-6 secretion by macrophages, T-cells and/or
adipocytes, and its principal role is to bind to the surface of dead or dying cells (and
some types of bacteria) to activate the complement system and facilitate phagocytosis
by macrophages. IL-6 is often considered as a pro-inflammatory cytokine, stimulating
inflammatory and auto-immune processes related to multiple diseases such as diabetes,
atherosclerosis, Alzheimer’s disease and cancer [28,29]. However, it can also act as an
anti-inflammatory myokine by inhibiting the effects of TNF-α and IL-1, and stimulating
the production of IL-1 receptor antagonist and IL-10 [30–32]. IGF-1 is a hormone similar in
molecular structure to insulin that plays an important role in childhood growth, and has
anabolic effects in adults. Nonetheless, when produced in excess, IGF-1 is associated with
subclinical inflammation by promoting systemic inflammation, probably via the MAPK
signaling pathway [33].

The limited scientific data that are currently available prevent the establishment of
definitive conclusions on the effect of exercise interventions on inflammation outcomes in
acutely hospitalized older adults. Nonetheless, the results of this review should help to
establish focal points and opportunities for the design of future research, aiding practition-
ers and researchers in the design and implementation of exercise interventions in acutely
hospitalized older adults, which are warranted before definitive conclusions can be drawn
on its effect on these complex and variable parameters.
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5. Conclusions

We found significant anti-inflammatory effects of resistance and/or multicomponent
exercise in acutely hospitalized older adults. There is a clinical consensus that immobility
among hospitalized older adults, combined with the natural disease process of incapacita-
tion, aging and other aspects of inpatient settings, induces adverse outcomes. The results
from this meta-analysis suggest that exercise interventions, mainly resistance protocols,
appear to be feasible and safe for older patients and may have a positive effect in reducing
inflammation compared with usual care. In this context, although the reduction observed
in the present study was small, this result could be considered clinically relevant, since
inflammation plays a very important role in various physiological pathways and con-
tributes to the process of incapacitation and death. This may help to clarify how exercise
interventions provoke the improvement of functional capacity, quality of life, and other
health outcomes that are associated with inflammation in older adults during acute care
hospitalization. However, due to the limited number of RCTs, our findings should be
interpreted with caution, and more studies are needed to draw definite conclusions on
this topic. Furthermore, future recommendations include the realization of standardized,
well-designed RCTs to study the effect of resistance and/or multicomponent exercise
interventions on inflammatory outcomes in hospitalized older adults.

Supplementary Materials: The following are available online at https://www.mdpi.com/2077-0
383/10/2/290/s1. Table S1: PubMed search strategy; Figure S1: Forest plot showing the effect size
(Hedges’ g) of physical exercise programs on inflammatory parameters.

Author Contributions: M.L.S.d.A., N.M.-V., F.Z.-F., and M.I. contributed to the study proposal
development. M.L.S.d.A., N.M.-V., F.Z.-F., and M.I. contributed to data collection, entry, and data
cleaning. M.L.S.d.A., N.M.-V., F.Z.-F., R.R.-V., A.G.-H., and M.I. contributed to the data analysis and
interpretation of study results. A.E.R., M.L.S.d.A., N.M.-V., F.Z.-F., and M.I. contributed to acquisition
of funding, study design and led all aspects of the paper. All authors critically reviewed and edited
the manuscript before submission. All authors have read and agreed to the published version of
the manuscript.

Funding: M.I. is funded in part by a research grant PI17/01814 from the Ministerio de Economía,
Industria, y Competitividad (ISCIII, FEDER). R.R.-V. is funded in part by a Postdoctotal fellowship
(grant ID 420/2019) of the Universidad Pública de Navarra, Spain. N.M.-V. is funded in part by a
research grant from the Gobierno de Navarra: “Project prevención de deterioro funcional del anciano
frágil con cáncer de pulmón mediante un programa de ejercicio tras valoración geriátrica integral”
(Expediente 43/18), promoted by the Department of Health, as well as Fundacion Caja Navarra and
Fundacion La Caixa. A.G.H. is a Miguel Servet Fellow (Instituto de Salud Carlos III—CP18/0150).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Kanach, F.A.; Pastva, A.M.; Hall, K.S.; Pavon, J.M.; Morey, M.C. Effects of structured exercise interventions for older adults

hospitalized with acute medical illness: A systematic review. J. Aging Phys. Act. 2018, 26, 284–303. [CrossRef] [PubMed]
2. Ramírez-Vélez, R.; Sáez De Asteasu, M.L.; Martínez-Velilla, N.; Zambon-Ferraresi, F.; García-Hermoso, A.; Recarey, A.E.;

Fernández-Irigoyen, J.; Santamaría, E.; Palomino-Echeverría, S.; Izquierdo, M. Circulating Cytokines and Lower Body Muscle
Performance in Older Adults at Hospital Admission. J Nutr Health Aging. 2020, 24, 1131–1139. [CrossRef] [PubMed]

3. Drummond, M.J.; Timmerman, K.L.; Markofski, M.M.; Walker, D.K.; Dickinson, J.M.; Jamaluddin, M.; Brasier, A.R.; Rasmussen,
B.B.; Volpi, E. Short-term bed rest increases TLR4 and IL-6 expression in skeletal muscle of older adults. Am. J. Physiol. Regul.
Integr. Comp. Physiol. 2013, 305. [CrossRef] [PubMed]

4. Reijnierse, E.M.; Verlaan, S.; Pham, V.K.; Lim, W.K.; Meskers, C.G.M.; Maier, A.B. Lower Skeletal Muscle Mass at Admission
Independently Predicts Falls and Mortality 3 Months Post-discharge in Hospitalized Older Patients. J. Gerontol. Ser. A 2018, 74,
1650–1656. [CrossRef] [PubMed]

https://www.mdpi.com/2077-0383/10/2/290/s1
https://www.mdpi.com/2077-0383/10/2/290/s1
http://doi.org/10.1123/japa.2016-0372
http://www.ncbi.nlm.nih.gov/pubmed/28605230
http://doi.org/10.1007/s12603-020-1480-7
http://www.ncbi.nlm.nih.gov/pubmed/33244573
http://doi.org/10.1152/ajpregu.00072.2013
http://www.ncbi.nlm.nih.gov/pubmed/23761639
http://doi.org/10.1093/gerona/gly281
http://www.ncbi.nlm.nih.gov/pubmed/30551182


J. Clin. Med. 2021, 10, 290 9 of 10

5. Valenzuela, P.L.; Joyner, M.; Lucia, A. Early mobilization in hospitalized patients with COVID-19. Ann. Phys. Rehabil. Med. 2020.
[CrossRef]

6. Covinsky, K.E.; Pierluissi, E.; Johnston, C.B. Hospitalization-associated disability “She was probably able to ambulate, but i’m not
sure”. JAMA J. Am. Med. Assoc. 2011, 306, 1782–1793. [CrossRef]

7. Puthucheary, Z.A.; Rawal, J.; McPhail, M.; Connolly, B.; Ratnayake, G.; Chan, P.; Hopkinson, N.S.; Padhke, R.; Dew, T.; Sidhu, P.S.;
et al. Acute skeletal muscle wasting in critical illness. JAMA J. Am. Med. Assoc. 2013, 310, 1591–1600. [CrossRef]

8. Liu, J.Y.J.; Reijnierse, E.M.; Van Ancum, J.M.; Verlaan, S.; Meskers, C.G.M.; Maier, A.B. Acute inflammation is associated
with lower muscle strength, muscle mass and functional dependency in male hospitalised older patients. PLoS ONE 2019, 14.
[CrossRef]

9. Izquierdo, M.; Martínez-Velilla, N.; Casas-Herrero, A.; Zambom-Ferraresi, F.; Sáez De Asteasu, M.L.; Lucia, A.; Galbete, A.;
García-Baztán, A.; Alonso-Renedo, J.; González-Glaría, B.; et al. Effect of Exercise Intervention on Functional Decline in Very
Elderly Patients During Acute Hospitalization: A Randomized Clinical Trial. JAMA Intern. Med. 2019, 179, 28–36. [CrossRef]

10. Lancaster, G.I.; Febbraio, M.A. The immunomodulating role of exercise in metabolic disease. Trends Immunol. 2014, 35, 262–269.
[CrossRef]

11. Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gøtzsche, P.C.; Ioannidis, J.P.A.; Clarke, M.; Devereaux, P.J.; Kleijnen, J.; Moher,
D. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:
Explanation and elaboration. J. Clin. Epidemiol. 2009, 62, e1–e34. [CrossRef] [PubMed]

12. Maher, C.G.; Sherrington, C.; Herbert, R.D.; Moseley, A.M.; Elkins, M. Reliability of the PEDro scale for rating quality of
randomized controlled trials. Phys. Ther. 2003, 83, 713–721. [CrossRef] [PubMed]

13. Follmann, D.; Elliott, P.; Suh, I.; Cutler, J. Variance imputation for overviews of clinical trials with continuous response. J. Clin.
Epidemiol. 1992, 45, 769–773. [CrossRef]

14. Higgins, J.P.; Thompson, S.G.; Deeks, J.J.; Altman, D.G. undefined Measuring inconsistency in meta-analyses. BMJ 2003, 327,
557–560. [CrossRef] [PubMed]

15. Blanc-Bisson, C.; Dechamps, A.; Gouspillou, G.; Dehail, P.; Bourdel-Marchasson, I. A randomized controlled trial on early
physiotherapy intervention versus usual care in acute car unit for elderly: Potential benefits in light of dietary intakes. J. Nutr.
Health Aging 2008, 12, 395–399. [CrossRef] [PubMed]

16. Borges, R.C.; Carvalho, C.R. Impact of resistance training in chronic obstructive pulmonary disease patients during periods of
acute exacerbation. Arch. Phys. Med. Rehabil. 2014, 95, 1638–1645. [CrossRef]

17. Martínez-Velilla, N.; Valenzuela, P.L.; Zambom-Ferraresi, F.; Sáez de Asteasu, M.L.; Ramírez-Vélez, R.; García-Hermoso, A.; Lucia,
A.; Izquierdo, M. Tailored exercise is safe and beneficial for acutely hospitalised older adults with chronic obstructive pulmonary
disease. Eur. Respir. J. 2020, 2001048. [CrossRef]

18. Troosters, T.; Probst, V.S.; Crul, T.; Pitta, F.; Gayan-Ramirez, G.; Decramer, M.; Gosselink, R. Resistance training prevents
deterioration in quadriceps muscle function during acute exacerbations of chronic obstructive pulmonary disease. Am. J. Respir.
Crit. Care Med. 2010, 181, 1072–1077. [CrossRef]

19. Ramírez-Vélez, R.; Martínez-Velilla, N.; Fernández-Irigoyen, J.; Santamaría, E.; Palomino-Echeverría, S.; Izquierdo, M. Influence
of short-term training on functional capacity and (anti-) inflammatory immune signalling in acute hospitalization. J. Cachexia
Sarcopenia Muscle 2020, 11, 1154–1157. [CrossRef]

20. de Asteasu, M.L.S.; Martínez-Velilla, N.; Zambom-Ferraresi, F.; Casas-Herrero, Á.; Izquierdo, M. Role of physical exercise on
cognitive function in healthy older adults: A systematic review of randomized clinical trials. Ageing Res. Rev. 2017, 37, 117–134.
[CrossRef]

21. Valenzuela, P.L.; Morales, J.S.; Castillo-García, A.; Mayordomo-Cava, J.; García-Hermoso, A.; Izquierdo, M.; Serra-Rexach, J.A.;
Lucia, A. Effects of exercise interventions on the functional status of acutely hospitalised older adults: A systematic review and
meta-analysis. Ageing Res. Rev. 2020, 61, 101076. [CrossRef] [PubMed]

22. Cadore, E.L.; Rodríguez-Mañas, L.; Sinclair, A.; Izquierdo, M. Effects of different exercise interventions on risk of falls, gait ability,
and balance in physically frail older adults: A systematic review. Rejuvenation Res. 2013, 16, 105–114. [CrossRef] [PubMed]

23. Chung, H.Y.; Kim, D.H.; Lee, E.K.; Chung, K.W.; Chung, S.; Lee, B.; Seo, A.Y.; Chung, J.H.; Jung, Y.S.; Im, E.; et al. Redefining
chronic inflammation in aging and age-related diseases: Proposal of the senoinflammation concept. Aging Dis. 2019, 10, 367–382.
[CrossRef] [PubMed]

24. Krabbe, K.S.; Pedersen, M.; Bruunsgaard, H. Inflammatory mediators in the elderly. Exp. Gerontol. 2004, 39, 687–699. [CrossRef]
[PubMed]

25. Walston, J.; McBurnie, M.A.; Newman, A.; Tracy, R.P.; Kop, W.J.; Hirsch, C.H.; Gottdiener, J.; Fried, L.P. 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, 2333–2341. [CrossRef] [PubMed]

26. García-Hermoso, A.; Ramirez-Vélez, R.; Sáez de Asteasu, M.L.; Martínez-Velilla, N.; Zambom-Ferraresi, F.; Valenzuela, P.L.;
Lucia, A.; Izquierdo, M. Safety and Effectiveness of Long-Term Exercise Interventions in Older Adults: A Systematic Review and
Meta-analysis of Randomized Controlled Trials. Sports Med. 2020, 50. [CrossRef] [PubMed]

27. Liberman, K.; Forti, L.N.; Beyer, I.; Bautmans, I. The effects of exercise on muscle strength, body composition, physical functioning
and the inflammatory profile of older adults: A systematic review. Curr. Opin. Clin. Nutr. Metab. Care 2017, 20, 30–53. [CrossRef]

http://doi.org/10.1016/j.rehab.2020.04.005
http://doi.org/10.1001/jama.2011.1556
http://doi.org/10.1001/jama.2013.278481
http://doi.org/10.1371/journal.pone.0215097
http://doi.org/10.1001/jamainternmed.2018.4869
http://doi.org/10.1016/j.it.2014.02.008
http://doi.org/10.1016/j.jclinepi.2009.06.006
http://www.ncbi.nlm.nih.gov/pubmed/19631507
http://doi.org/10.1093/ptj/83.8.713
http://www.ncbi.nlm.nih.gov/pubmed/12882612
http://doi.org/10.1016/0895-4356(92)90054-Q
http://doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
http://doi.org/10.1007/BF02982673
http://www.ncbi.nlm.nih.gov/pubmed/18548178
http://doi.org/10.1016/j.apmr.2014.05.007
http://doi.org/10.1183/13993003.01048-2020
http://doi.org/10.1164/rccm.200908-1203OC
http://doi.org/10.1002/jcsm.12582
http://doi.org/10.1016/j.arr.2017.05.007
http://doi.org/10.1016/j.arr.2020.101076
http://www.ncbi.nlm.nih.gov/pubmed/32330558
http://doi.org/10.1089/rej.2012.1397
http://www.ncbi.nlm.nih.gov/pubmed/23327448
http://doi.org/10.14336/AD.2018.0324
http://www.ncbi.nlm.nih.gov/pubmed/31011483
http://doi.org/10.1016/j.exger.2004.01.009
http://www.ncbi.nlm.nih.gov/pubmed/15130663
http://doi.org/10.1001/archinte.162.20.2333
http://www.ncbi.nlm.nih.gov/pubmed/12418947
http://doi.org/10.1007/s40279-020-01259-y
http://www.ncbi.nlm.nih.gov/pubmed/32020543
http://doi.org/10.1097/MCO.0000000000000335


J. Clin. Med. 2021, 10, 290 10 of 10

28. Dowlati, Y.; Herrmann, N.; Swardfager, W.; Liu, H.; Sham, L.; Reim, E.K.; Lanctôt, K.L. A meta-analysis of cytokines in major
depression. Biol. Psychiatry 2010, 67, 446–457. [CrossRef]

29. Swardfager, W.; Lanctôt, K.; Rothenburg, L.; Wong, A.; Cappell, J.; Herrmann, N. A meta-analysis of cytokines in Alzheimer’s
disease. Biol. Psychiatry 2010, 68, 930–941. [CrossRef]

30. Petersen, A.M.W.; Pedersen, B.K. The anti-inflammatory effect of exercise. J. Appl. Physiol. 2005, 98, 1154–1162. [CrossRef]
31. Pedersen, B.K.; Febbraio, M.A. Muscle as an endocrine organ: Focus on muscle-derived interleukin-6. Physiol. Rev. 2008.

[CrossRef] [PubMed]
32. Pedersen, B.K. Muscle as a secretory organ. Compr. Physiol. 2013, 3, 1337–1362. [PubMed]
33. Wolters, T.L.C.; Netea, M.G.; Hermus, A.R.M.M.; Smit, J.W.A.; Netea-Maier, R.T. IGF1 potentiates the pro-inflammatory response

in human peripheral blood mononuclear cells via MAPK. J. Mol. Endocrinol. 2017, 59, 129–139. [CrossRef] [PubMed]

http://doi.org/10.1016/j.biopsych.2009.09.033
http://doi.org/10.1016/j.biopsych.2010.06.012
http://doi.org/10.1152/japplphysiol.00164.2004
http://doi.org/10.1152/physrev.90100.2007
http://www.ncbi.nlm.nih.gov/pubmed/18923185
http://www.ncbi.nlm.nih.gov/pubmed/23897689
http://doi.org/10.1530/JME-17-0062
http://www.ncbi.nlm.nih.gov/pubmed/28611056

	Introduction 
	Methods 
	Eligibility Criteria 
	Information Sources and Search 
	Study Selection and Data Collection Process 
	Risk of Bias in Individual Studies 
	Synthesis of Results 

	Results 
	Study Selection 
	Study Characteristics 
	Risk of Bias within Studies 
	Synthesis of Results 

	Discussion 
	Conclusions 
	References

