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Abstract
Background

Older individuals (over 60 years) with hypertension, diabetes, cardiovascular disease, chronic respiratory
disease, and cancer are at the highest risk of contracting and dying from Coronavirus (COVID-19).
Compromised immunity (both innate and adaptive) and increased in�ammatory response (cytokine-
storm syndrome) are predictors for high mortality among this population group. Exercise/physical
activity seems to be a plausible way to decrease both the risk of transmission and mortality, and improve
health outcomes among this population since there is no available treatment for COVID-19. The study will
investigate the effectiveness of physical activity/exercise in improving the immune parameters and
reducing the in�ammatory biomarkers in proxy conditions that make individuals susceptible to COVID-19.

Methods

The Preferred Reporting Items for systematic reviews and Meta-Analyses Protocol (PRISMA-P) 2015 will
guide this review. We will search ten databases (until August 2020) to include randomized control trials
articles that explored the effectiveness of physical activity/exercise in improving immune parameters and
reducing in�ammatory biomarkers in proxy conditions (hypertension, diabetes, cardiovascular disease,
chronic respiratory disease and cancer). Two review authors will independently screen citations (title and
abstract), extract data (using standardized forms), assess the risk of bias (using Cochrane risks of bias)
and quality of data (using GRADE). Homogenous studies will be analyzed using the �xed-effect model of
meta-analysis, while a narrative synthesis will be conducted for heterogeneous studies.

Discussion

There are no speci�c physical activity/exercise parameters (frequency, intensity, type of exercise and
time- FITT) for interventionists to use when developing high-quality RCT for individuals vulnerable to
COVID-19. Therefore, it is important to review the literature to identify and highlight the exercise FITT
parameters that increase the immune outcomes and reduce in�ammatory biomarkers for proxy
conditions that make individuals susceptible to COVID-19. It is also important to identify the speci�c
exercise regimen suitable and bene�cial for each proxy group.

Systematic review registration

PROSPERO CRD42020196907

Background
The Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) or COVID-19, as was named by the
World Health Organization (WHO) [1], is a novel coronavirus that has resulted in a pandemic. The �rst
record of the disease was on 31 December 2019 in Wuhan, a city in Mainland China [2] and is currently
rapidly spreading to the rest of the world. Owing to its rate of spread and fatality with a case fatality rate

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020196907
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estimated at 2–5% [3], the WHO pronounced the outbreak a global health emergency on 30 January
2020. As of 14 August 2020, 10:42 AM Central European Summer Time, 20,687,815 cases and 750,400
deaths have been reported globally [4]. Among other reported symptoms resulting from this virus,
respiratory disorders such as respiratory failure, acute respiratory distress syndrome, and pneumonia are
signi�cant symptoms associated with fatality [5, 6, 7]. In moderate to severe cases, COVID-19 attacks the
respiratory system [8, 9], which progresses to a respiratory failure resulting from a damage to the alveoli,
which could be fatal or leave the patients not only in critical need for supplemental oxygen and
mechanical ventilator but also with residual lung damage that may require extended recovery time [10].

Globally, the mortality rate as a result of COVID-19 is on a steady increase. Although all population
groups are at risk of contracting COVID-19, some individuals with speci�c comorbidities are more
susceptible than others. A meta-analysis of 6 studies involving 1527 con�rmed cases reported that
hypertension (17.1%), cardio-cerebrovascular conditions (16.4%), and diabetes mellitus (9.7%) were the
most prevalent cardiovascular and metabolic conditions associated with COVID-19 [11]. Zeng et al. [12],
Paroh et al. [13] and Tian et al. [14] conducted a systematic review and included 13, 14 and 14 studies,
respectively. The studies reported that men aged 60 years and above with conditions such as
hypertension, diabetes, cancer, cardiovascular and respiratory diseases were at higher risk of contracting,
developing serious symptoms and dying from COVID-19.

Similarly, Jain and Yuan [15] reviewed seven articles that evaluated the characteristics of COVID-19
patients admitted in an intensive care unit and reported that patients with chronic obstructive pulmonary
disease (COPD) were the most vulnerable, followed by patients with cardiovascular disease and
hypertension. Furthermore, the World Health Organization has also identi�ed hypertension,
cardiovascular disease, diabetes, chronic respiratory disease such as COPD, and cancer as risk factors for
contracting and developing serious illness from COVID-19 [16]. Summarily, people with comorbidities
such as hypertension, diabetes, cardiovascular disease, chronic respiratory disease and cancer have been
identi�ed as the high-risk individuals that are the most vulnerable, susceptible to COVID-19 with a high
mortality rate [17]. In this study, we refer to these comorbidities as proxy conditions prone to developing
COVID-19.

Notably, individuals with these proxy conditions by default have lower immunity, and these make them
more susceptible to developing COVID-19. For instance, diabetes mellitus (DM) increases patients’
susceptibility to viral infections due to its negative impact on both the innate and adaptive immune
parameters [18, 19, 20]. Besides, more than 80% of individuals with type-2 DM have hypertension [21].
Compromised immunity has also been reported in patients with cancer, which increases their
susceptibility to opportunistic infections [22]. Worthy to note, a decrease in adaptive immunity marked by
a signi�cant reduction in CD4 and CD8 cells have been reported among individuals with COVID-19 [23,
24]. Similarly, a study reported that there is usually a signi�cant reduction in the total T cells, CD4 and
CD8 T cell counts, which is a reliable marker of disease severity in patients with COVID-19 [25]. Recent
studies showed that 82.1% of patients with COVID-19 have decreased circulating lymphocytes (a
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constituent of both innate and adaptive immunity) [7, 26, 27]. The combined impact of the comorbidities
and SARS-CoV-2 on immunity results in a very poor clinical outcome in these population groups.

Also, individuals with hypertension, diabetes, cardiovascular (e.g. congestive heart failure) and cardio-
pulmonary conditions (e.g. COPD) have an increased plasma level of in�ammatory biomarkers, for
example C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-α) [28, 29, 30, 31,
32, 33, 34]. Elevated in�ammatory responses have also been reported among patients with cancer. A
study reported an increased serum concentration of IL-6, IL-1β, TNF-α, and CRP in patients with cancer as
compared with healthy individuals [35]. Notably, increase in the in�ammatory response (cytokine release
syndrome), marked by an elevated concentration of in�ammatory cytokines (Interleukin-6, Interleukin-10,
Interleukin-2, Tumor necrosis factor-α, Interferon-γ) is one of the signi�cant causes of disease severity
and mortality in patients with COVID-19 [36]. An elevation in in�ammatory biomarkers results to an
increased vascular permeability, which causes an in�ux of a large amount of �uid and blood cells into the
alveoli, consequently causing dyspnea and respiratory failure [37, 38, 39]. Interestingly, studies have
reported that immune parameters, T-cells (CD8 and CD4) counts have a negative correlation with
in�ammatory markers (IL-6, IL-10, and TNF-α), with COVID-19 disease resolution marked by a reduced
concentration of IL-6, IL-10, and TNF-α, and increased T-cell counts [25]. The phenomenon is an indication
that the reduction of T-cells noted in patients with COVID-19 could be a consequence of the increased
concentration of TNF-α, IL-6, and IL-10, which negatively regulates T-cell survival or proliferation [25].

Exercise improves both innate and adaptive immunity. Aerobic exercise of moderate to high intensity
performed for 30 minutes, 3–5 times per week, enhances the antipathogen functions of tissue
macrophages with an associated increase in recirculation of immunoglobulins, natural killer cells,
cytotoxic T cells, anti-in�ammatory cytokines, neutrophils, and immature B cells [40, 41, 42, 43, 44]. All of
these immune-markers play critical roles in metabolic health and immune defense activity [40].

Similarly, physical activity/exercise has a negative correlation with in�ammatory biomarkers [45]. Several
studies have reported that exercises reduce in�ammatory biomarkers including the serum concentration
of CRP, IL-6, IL-18, TNF-α, and IL-1α, in individuals at risk of cardiovascular diseases [46, 47, 48, 49, 50],
and type 2 DM [51]. Previous studies have reported that exercise reduces the concentration of CRP and
TNF-α among individuals with hypertension [52] and cancer [53], respectively.

Given that there is no treatment for COVID-19, the emphasis is placed on prevention, among other means,
improving the body’s immunity against the virus is a crucial factor. Exercise is a reliable and most
accessible form of prevention strategy; however, the impact of exercise on COVID-19 is still at its testing
stage. Since studies have identi�ed comorbidities that predispose individuals to developing COVID-19, we
believed that reviewing the impact of exercises on the immune parameters of these proxy conditions is
warranted. Because improving the body’s immunity and reducing the concentration of in�ammatory
biomarkers in those identi�ed vulnerable groups would be useful in the preventive approach, thus,
reducing the risk of contracting COVID-19, and reducing the risk of mortality due to COVID-19. Besides,
this review will provide a comprehensive exercise Frequency-intensity-time-type that interventionists can
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use in developing randomized control trials to test the impact of exercise on the course of the disease,
chances of hospitalization, landing on ICU and surviving from COVID-19.

This study aims to investigate the effectiveness of physical activity/exercise in improving the immune
parameters and reducing the in�ammatory biomarkers in proxy conditions that make individuals
susceptible to COVID-19. Speci�cally, this study will aim to answer two research questions: (a) What are
the exercise FITT parameters that increase the immune outcomes and reduce in�ammatory biomarkers
for proxy conditions that make individuals susceptible to COVID-19?; (b) What are the speci�c exercise
regimen suitable for each of the proxy conditions i.e. what speci�c exercise regimen is bene�cial per
proxy group?

Methods
The Preferred Reporting Items for systematic reviews and Meta-Analyses Protocol (PRISMA-P) 2015 will
guide this review [54,55]. This protocol is registered in PROSPERO database (CRD42020196907).

Inclusion criteria

Studies will be included if: 

1. published in English language.

2. participants were individuals susceptible to COVID-19 infection, speci�cally people with diabetes,
heart diseases, hypertension, cardiovascular, cardiopulmonary diseases and cancer.

3. physical activities or exercise were the interventions. Physical activity is referred to as any bodily
movement (both structured and unstructured) involving the skeletal muscles with a consequent
consumption of energy [56]. There will be no restrictions bothering on the exercise type, frequency,
time, intensity and duration or the period of follow up after the intervention. Studies that consider
physical activity/exercise in addition to other interventions such as drugs and nutritional intervention,
if we can extract the effect of the physical activity on the selected outcome.

4. studies were carried out in hospitals, outpatient clinics, rehabilitation centers, or community settings. 

5. studies were randomized controlled trials (RCTs).

�. studies control were any intervention other than physical activity/exercise. Such interventions may
include conventional therapies, usual care, sham intervention or no intervention.

7. studies considered immune parameters or in�ammatory biomarkers as outcomes.

The primary outcomes to be considered in this review are: Immunoglobulin A (IgA), Immunoglobulin
G (IgG), Immunoglobulin M (IgM), Immunoglobulin E (IgE), Immunoglobulin D (IgD), CD4 count, CD8
count, CD4/CD8 count, CD19 count, CD20 count and Natural Killer (NK) cells. These outcomes were
considered primary because they play major roles in the body’s defense mechanism against
infections.

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020196907
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 The secondary outcomes are in�ammatory biomarkers such as; CRP, IL-6, IL-18, IL-10 TNF-α, and IL-1α,
Interferon-γ leptin, and resistin. The outcomes will only be considered if they were measured with generic
validated tools.

Search strategy

The search strategy which will be used to identify relevant studies was developed and piloted following
the guideline outlined in the Cochrane handbook for systematic reviews of intervention studies [57], as
well as the recommendation by the center for review and dissemination [58]. The search strategy was
developed in consultation with a health librarian using the Medical Subject Headings (MeSH) and
keywords relating to the review title. Search strings of the individual PICO components was built into
Boolean expressions using Boolean commands (‘OR,’ ‘AND,’ and ‘NOT’). See Appendix 1 for an example of
the search strategy. This search strategy will be adapted for use in the various databases and further
published in the �nal report as supplementary materials. Studies will be searched for in the following
databases: MEDLINE/PubMED, Cochrane Library, Cumulative Index to Nursing and Allied Health
Literature (CINAHL), OVID, Allied and Complementary Medicine Database (AMED), ProQuest health and
medical complete, PsycINFO, Web of Science Core Collection and Physiotherapy Evidence Database
(PEDRO). We will also conduct searches in clinical trial registers and directory of open-access repository
websites, which include http://www.clinicaltrial.gov, http://www.opendor.org, as well as the Web of
science conference proceedings. In addition, the reference lists of the identi�ed articles will be searched.

Study Selection

Two independent reviewers will select the studies following the study eligibility criteria. All search
citations will be collected, and the duplicate citations will be removed using RefworksTM. Study selection
will be conducted in two phases using Covidence (© 2017 Covidence). First, all titles and abstracts of
identi�ed articles will be screened by two reviewers independently. Second, the full-texts of the articles
that passed the �rst stage of the screening will be screened independently. In cases where there are two
versions of the same article, the most recent or most comprehensive version of the article will be
included. If any inclusion disagreements arise at any stage of data selection, a third reviewer will be
consulted. The kappa statistics (95%Cl) will be used to test the level of agreement on the selected articles
emerging from the independent reviewers. Furthermore, we will contact the authors of studies for a
maximum of three email attempts to clarify issues bothering on selection of any study when a
conclusion could not be reached based on the information available. If any of the contacted authors did
not respond to the emails, the article will be excluded, and the reason for exclusion will be clearly stated.
The PRISMA �ow chart will be used to track and present the study process.

Risk of Bias assessment 

The potential risk of bias (ROB) in the included studies will be assessed using the Cochrane Collaboration
risk of bias tool 2 (ROB 2), used for studies that aim at evaluating the effect of assignment to
treatment/intervention (the ‘intention-to-treat’ effect) [59]. The tool is comprised of �ve key domains; (1)

http://www.clinicaltrial.gov/
http://www.opendor.org/
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Risk of bias arising from randomization (random sequence generation, allocation of concealment, and
baseline differences), (2) deviations from the intended interventions (participants and personnel blinding,
deviations from study protocol, appropriate data analysis), (3) Missing outcome data (intention to treat
analysis), (4) Risk of bias in outcome measurement (appropriate outcome measure method, assessor
blinding), (5) Risk of bias in selection of the results to report (selective outcome reporting). Each domain
will be graded as ‘high risk’, ‘low risk’, or ‘some concerns’ for all the included studies. Afterwards, an
overall risk of bias judgement will be given as either ‘low risk’ or ‘high risk’ based on the ROB in the �ve
domains. In a case where there is insu�cient information to decide the potential ROB in any study, the
authors will be contacted three times through mail and in the absence of any response or adequate
clari�cation, the potential ROB will be considered as ‘unclear.’ Two independent reviewers will make the
judgment on the potential ROB. Areas of discordance will be addressed by discussion for a consensus
and/or consultation with the third reviewer.

Quality assessment 

The Grading of Recommendations Assessment, Development and Evaluation (GRADE) will be used in
judging the quality of evidence of the included articles [60] in various domains: risk of bias, consistency,
directness, precision, and publication bias. Evidence from the studies will be rated as ‘high quality’,
‘moderate quality’, low quality’, and ‘very low quality [60]. See Appendix 2.

Data collection processes

A pilot data collection will be carried out using the template proposed by the Cochrane Consumers and
Communication Review Group Data Extraction [61]. Subsequently, two reviewers will independently
perform data extraction from the included articles using the same tool. Any discordance stemming from
the extraction will be tackled through discussion and re�ection, in consultation with a third reviewer if
necessary.

Data items

We will extract the following information from the included articles: authors reference, participants’
characteristics (which includes age range, gender composition, inclusion and exclusion criteria, diagnosis,
disease duration and chronicity), study sample size (both intervention and control groups), study design,
intervention (components/parameters, context/mode of delivery, intervention and follow-up duration,
follow-up), outcome(s) assessed, the outcome(s) measurement methods, results, and conclusions.

Data synthesis and analysis, including assessment of heterogeneity

Based on this study aim (stated above), we will evaluate, compare and pool in evidence on the
effectiveness of intervention on both the primary and secondary outcomes from the included articles. An
overall estimate of effect of the intervention will then be conducted using a meta-analysis to answer the
review questions [62] for homogenous outcomes. We will conduct a narrative synthesis of data from
heterogeneous studies. 
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Statistical analysis

We will conduct the analysis and presentation of results in order of hierarchy with the primary outcomes
coming before the secondary outcomes. There may be a signi�cant heterogeneity coming from variances
in the clinical characteristics of participants, diverse proxy conditions to COVID-19 studied, different types
of intervention, statistical strategy, and outcome measurement instrument utilized. Thus, we will assess
the heterogeneity in included studies using the Cochran’s X2 test, which will be quanti�ed using I2  [63].
Homogenous studies will be pooled together for meta-analysis using a �xed-effects model [57]. This
approach compares standardized mean differences in the intervention and control groups for the
included studies (95% CIs). Rev Man 5 software will be utilized for the meta-analysis.

Sensitivity analysis

We shall conduct sensitivity analysis to determine the potential in�uence on the treatment effect in the
event of many included studies with signi�cant heterogeneity in study characteristics. For instance,
intervention setting (e.g. hospital vs home/ community based), type of intervention (e.g. aerobic vs
strengthening vs resistance exercises), and/or study group (e.g. individuals living with hypertension vs
diabetes). This will only be carried out if there are more than two studies, and not less than two of the
studies are a homogenous subset. 

Publication bias/ Meta-biases

We will assess meta-bias using the funnel-plot for asymmetry followed by the Egger regression test [63].

Reporting of the review

We will report the systematic review following the guideline stated in the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) Statement [54]. All items relevant to the review will be
reported accordingly. A PRISMA checklist will be published with the �nal report.

Potential amendments

Considering that quantitative studies are easily in�uenced by publication bias, there will be no deviations
from the review protocol based on the �ndings from the included articles. However, when an amendment
is very necessary and justi�able, such amendment(s) will be reported and implemented. We will report
any amendments made especially regarding research questions during the publication of the review.

Discussion
Individuals living with these underlying conditions such as diabetes, heart diseases, hypertension, cardio-
cerebrovascular disease and cancer, are prone to developing and dying from COVID-19. One possible
reason is that individuals with these conditions have compromised immunity which makes them
susceptible to COVID-19. While researchers are developing vaccines and treatments for the COVID-19,
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prevention strategies are the best available options. Exercise has proven to increase the immunity of
individuals with these proxy conditions that makes them susceptible to COVID-19. While reviews on the
impact of exercise on the immune parameters on these proxy conditions exist sparingly, there is no
comprehensive systematic and meta-synthetic evidence to determine FITT parameters for use by
researchers who are developing RCTs speci�c for decreasing the risk and slowing down the impact of
COVID-19. Therefore, the need for this review. Furthermore, this study will provide useful information,
especially concerning the current public health emergency, for clinical practice, future research related to
this topic and also inform government on health care decision making at the community, national, and
international levels.
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