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Abstract

Since its outbreak in late 2019, Coronavirus Disease 2019 (COVID-19) has been ravaging the health
system of most countries of the world. Although many preventive and treatment strategies have been
proposed and implemented to combat the disease, these efforts seem to be insufficient, and in some
cases ineffective. This is evident by the daily rising global incidence and case fatality of the COVID-19
pandemic. A situation if not mitigated early will likely crumble the global economy and tilt the world to
an unprecedented global recession. This challenge demands that researchers and clinicians ask more
in-depth questions about the novel coronavirus disease. Aside from age that has been confirmed to be
linearly associated, what are the other possible socio-demographic and lifestyle-related risk factors
that may be associated with COVID-19? What are the possible factors or comorbid conditions that may
worsen clinical progression and determine the clinical outcome in confirmed COVID-19 cases? Does
the pre-, peri-, or post-morbid lifestyle choices of people have an impact on COVID-19 preventive and
treatment efforts? And how can we use the knowledge of the associated risk factors, comorbid
conditions, and lifestyle choices of people to improve preventive efforts and clinical management of
COVID-19? Answer to these questions may likely serve as an important guide for policymakers and
clinicians in their design and implementation of COVID-19 targeted preventive and treatment policies
and programs, especially in Low- and Middle-Income Countries (LMICs). The purpose of this article
is to critically review available literature and provide evidence-based recommendations.
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Introduction Globally, the care fatality rate (CFR) of

. . COVID-19 has been noticed to rise rapidly with
Coronavirus Disease 2019 (COVID-19) was . . . .

first reported in Wuhan City,(Hubei PrO\)/ince, increasing age; the CFR is <1% for patients <50

China in December 2019, and within a few years of age, rising to 1.3% for 50-year-old
months, it has spread rapidly to most countries patients, o 3.6% for 60-year-old patients, to 8%
! i 0
of the world. This prompted the World Health for sep_tuagenarlans, and 14'8@ for
Organization (WHO) to declare it a Public octogeparla_ns [6]. Unfortunately, acco rdl_ng tqa
Health Emergency of International Concemn recent interim report by the WHO Solidarity trial

(PHEIC), and by 12 March 2020, it was declared consortium, the commonly used COVID-19

a global pandemic [1, 2, 3, 4]. By this t|_r|ee:jtmenthl 1S L .reglmens—dRIerPd(:sww,
declaration, COVID-19 became one of the few yaroxychloroquine, Lopinavir, and Interteron-

diseases to attain a global pandemic status in appeared to have little or no significant effect on

recent human history. As of 28 January 2021, the hospitalization and CFR [7]. For these

COVID-19 has been confirmed in 100.455 529 reasons, this article intends to deepen the
people, with associated 2,166.4 40’ de’aths conversation on the relationship between the

worldwide [5]. The striking characteristics that clinical Progression of COVID-19 and some
drew so much attention to COVID-19 are its related risk factors, and how such knowledge can

high infectivity and fatality rates among the ?reeatriaer:te::?grtsto improve - preventive - and
general public and the severely ill patients, '
respectively.
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Methods

An extensive search (with no language
restrictions) was done in Google search engine,
Academia, ResearchGate, and MEDLINE
database. The websites of reputable public
health organizations, like the WHO, United
Nations, United Nations Children's Fund
(UNICEF), Public Health Ontario, Centre for
Disease Control (CDC), and Nigeria Centre for
Disease Control (NCDC) were also visited for
relevant and current information. Some of the
keywords that were searched include COVID-
19, COVID-19 risk factors, clinical outcome in
COVID-19, underlying comorbid diseases in
COVID-19, etc. All the obtained data were

collected, visualized, profiled, cleansed,
prepared, analyzed, and summarized
accordingly.

Socio-Demographic Factors and COVID-
19

Although the entire disease evolution of
COVID-19 is not yet fully understood, for now,
it appears the disease has a preference for certain
socio-demography in the society. Multiple
systematic reviews of COVID-19 cases have
suggested that the infectivity, hospitalization,
and fatality rates are more in the people who are
60 years and above, male gender, and ethnic
minority groups. In particular, people of the
black race seem to have three times the
infectivity rate, and almost six times the rate of
deaths, compared to the Caucasians [8]. A
retrospective observational study that was done
among 1, 591 COVID-19 patients in Italy
collaborated these observations. The study
discovered that out of all the confirmed COVID-
19 cases, the infected male population was 82%,
the females were 18%, while the median age was
63 years [9]. Particularly among the age groups
of 51-60, 61-70, and 71-80 years, the majority of
patients were males (83%, 81%, and 82%,
respectively) compared to the females (17%,
19%, and 18%, respectively) [9]. Other studies
from China revealed that almost 50% of patients
that were diagnosed with "refractory” COVID-
19 were of the male gender, older age, and with
underlying comorbidities [9, 10].

Another study on 41 COVID-19 patients on
admission in China, revealed that majority of the
infected patients were men (73%), with a median
age of 49.0 years [9]. Yet, another study in
China, that involved 69 COVID-19 patients,

revealed that 68% were male, with a mean age
of 55.5 years [9]. A retrospective study also in
China, with 138 hospitalized patients with
confirmed COVID-19, shows that 54.3% were
men, while their median age of 56 years [9].
Also, another study that was done among 1, 099
patients with COVID-19 from 552 hospitals in
30 provinces in China, revealed a median age of
47 years, and that 58% of the patients were of the
male gender [9]. However, one study in China
comprising 140 confirmed COVID-19 patients,
reported a different result. It found an equal
distribution by sex, at approximately 1:1 ratio of
male (50.7%) and female (49.3%), while
majority (70%) of them were over 50 years old
[9]. A study that investigated 5,700 hospitalized
COVID-19 patients in 12 New York City area
hospitals, also noticed that the median age of the
patient was 63 years, out of which 60.3% and
51.5% were males and African-American (and
other minority ethnic groups), respectively [11].

Pre-Morbid Lifestyle-Related Risk
Factors and COVID-19

Everybody regardless of their health status
can be infected with SARS-CoV-2 [12, 13].
However, evidence abounds that suggest that
certain lifestyle-related factors or practices tend
to predispose some group of people to COVID-
19 compare to others. Some of the identified
predisposing  factors  include  smoking,
overweight/obesity, and hypovitaminosis D.
Hypovitaminosis D may result from either poor
nutrition/unhealthy diet or reduced exposure to
sunlight due to a sedentary lifestyle [14, 15].

Studies on tobacco smoking in particular have
generated different contrasting results. A study
that investigated the relationship between
COVID-19 and smoking observed that the
percentage of current smoker among COVID-19
patients was low and could not explain the
association between smoking and susceptibility
to SARS-CoV-2 [9]. One early study even
suggested that smoking may be protective
against SARS-CoV-2 [16]. However, multiple
studies and positional statements by the WHO
and other international public health
organisations have  subsequently clearly
associated smoking with a higher probability of
contracting SARS-CoV-2 and developing a
severe form of COVID-19 [17, 18]. Tobacco
smoking tends  to evoke adverse
pathophysiological changes in the respiratory



and other systems of the smokers, which tend to
worsen the clinical progression of COVID-19. A
situation that may progress to ICU admission,
ventilator support, or death from related
complications [19]. A study on Chinese with
confirmed COVID-19 with a history of smoking
noticed that the patients had a 14% higher risk of
developing COVID-19 induced pneumonia, and
14 times higher Odd Ratio (OR) of progressing
to stage 111 (severe stage) or dying from COVID-
19 complications [20]. Some studies have even
observed significantly higher ACE2 (the host
receptor for SARS-CoV-2) gene expression in
former and current smoker's lungs compared to
non-smoker's lungs [9, 17].

Hypovitaminosis D is another risk factor that
has been associated with increase susceptibility
and severity of COVID-19 [9, 21]. In a study that
was conducted in Spain on 216 hospitalized
COVID-19 patients, it was discovered that
82.2% of the patients were vitamin D deficient,
compared to 47.2% of healthy people of same
gender and age [22]. Another study that was
conducted in Italy on hospitalized COVID-19
patients, noticed that about 50% of patients with
severe vitamin D deficiency progressed to a
severe form of COVID-19 and died, compared
to only 5% of COVID-19 related death in
patients with normal serum level of Vitamin D
[22]. Other studies have demonstrated that
higher serum level of vitamin D correlate with
milder clinical presentation of COVID-19, while
countries with high serum levels of vitamin D
tend to have lower COVID-19 related case
fatality rates [22].

It is also worth noting that since studies have
shown a positive correlation between decreasing
serum vitamin D levels and increasing age, male
gender, and obesity [9, 23], this may be some of
the reason why COVID-19 is more fatal in these
group of people. Low serum Vitamin D may also
be related to the regular consumption of certain
unhealthy diets that are low in vegetables and
fruits [14, 15]. A sedentary lifestyle may also
indirectly lead to reduce serum level of Vitamin
D. Here, the affected individuals could not get
adequate exposure to sunlight due to inadequate
outdoor physical activity [24]. Consequently,
vitamin D rich diets and supplements, with
adequate exposure to sunlight, would likely be
valid lifestyle intervention measures for
preventing and treating COVID-19 among at-
risk and confirmed cases, respectively [9, 25].

Lifestyle-Related Co-Morbid Conditions
and COVID-19

Multiple studies have indicated that people
with certain lifestyle-related underlying disease
conditions are more susceptible to contracting
SARS-CoV-2, compared to people that are free
of these diseases. Aside from age, sex, ethnicity,
and lifestyle-related risk factors, other factors
that may increase the susceptibility of people to
contracting SARS-CoV-2 and developing a
severe form of COVID-19, includes underlying
lifestyle-related chronic medical conditions,
such as chronic obstructive pulmonary diseases
(COPD), cardiovascular diseases (like heart
disease and stroke), high blood
pressure/hypertension, diabetes mellitus, kidney
disease, liver disease, some cancers (like
leukemia, lymphoma or myeloma) [12, 13, 26,
27].

COVID-19 patients with comorbid diabetes
mellitus in particular usually have a significantly
increased risk of hospitalization and death
compared to other underlying disease conditions
[28, 29]. It is not yet fully understood why
diabetes mellitus predisposes to higher
susceptibility and severity of COVID-19, but it
is well known that diabetic patients usually
develop a dysregulated immune system and are
generally more susceptible to infections,
compared to non-diabetic cases [9, 28]. Also,
most infective processes (viral or otherwise)
generally tend to progress faster and worse in
diabetes (especially if poorly controlled)
compared to non-diabetic cases [30]. Moreover,
the late clinical stages of type 2 diabetes have
been associated with a distorted functionality of
ACE2 receptors, the host receptors for SARS-
CoV-2[9].

Available studies also collaborated with the
above position on the association of COVID-19
with some comorbid conditions. A meta-analysis
involving seven studies and 1, 576 COVID-19
patients, revealed that a significant number of
the patients had an underlying chronic disease
condition. The most prevalent comorbidities
were hypertension (21.1%) and diabetes mellitus
(9.7%), followed by cardiovascular disease
(8.4%) and respiratory system disease (1.5%)
[31]. Another study was conducted on 7,736
confirmed COVID-19 patients in Wuhan China,
out of which 23.7% had at least one coexisting
chronic disease [32]. In a study conducted in
Italy to investigate the association of COVID-19



with  lifestyle-related  chronic  diseases,
hypertension was the most common comorbidity
(49%), followed by cardiovascular disease
(21%), hypercholesterolemia (18%), and
diabetes mellitus (17%) [9]. A meta-analysis that
was conducted in China revealed that the
following characteristics are common among
deceased COVID-19 cases—advanced age (>60
years), cancers, other underlying chronic
diseases, and/or major secondary infections [9].
Another China-based retrospective study on 799
COVID-19 in-patients recorded a 14.1%
mortality rate. The study noticed that certain
underlying chronic diseases, like hypertension
(48%) and other CVDs (14%) were more
frequent among deceased patients (24%)
compared to the recovered patients (4%) [9].

The report of a study of hospitalized COVID-
19 cases still in China, showed that out of the
26.1% of patients that were transferred to ICU,
most (72.2%) had concurrent comorbidities, as
opposed to only 37.3% of patients who did not
require ICU care [33]. Among the 1, 099
confirmed COVID-19 cases that were reported
in a study, 173 had severe disease presentations.
Compared with the non-severe cases, the
patients with the severe disease had a higher
prevalence of hypertension (23.75% versus
13.4%), diabetes mellitus (16.2% versus 5.7%),
coronary heart disease (5.8% versus 1.8%),
COPD (3.5% versus 0.6%) and cerebrovascular
disease (2.3% versus 1.2%) [33]. A recently
conducted meta-analysis also concluded that
patients with hypertension, respiratory disease,
and CVD had an odd ratio of 2.36, 2.46, and
3.42, respectively, for developing severe
COVID-19 compared with the non-severe cases
[33]. Other lifestyle-related underlying chronic
diseases that studies have associated with a
severe form of COVID-19 are chronic liver
disease (CLD) and chronic kidney disease
(CKD) [34, 35]. In most cases, deaths of
COVID-19 patients did not primarily result from
the disease condition itself [27]. Rather, it
resulted from complications arising from the
underlying chronic conditions, which in most
cases became worse as a result of the acute
inflammatory assault of COVID-19 on the
multiple organs of the body [27].

Optimizing Preventive and Treatment
Efforts in COVID Management through
Lifestyle Intervention

The review strongly suggests that although
COVID-19 is primarily a respiratory disease, it
is associated with some risk factors that either
predispose people to the disease or worsen its
clinical outcome. The three main socio-
demographic risk factors that are implicated in
COVID-19-older age group (> 60 years), male
gender, and black race—are all well documented
non-modifiable risk factors for chronic non-
communicable diseases (NCDs) like
hypertension, cardiovascular disease, type 2
diabetes mellitus, and some cancers [36, 37].
The directly implicated lifestyle-related risk
factors for contracting SARS-CoV-2 or
developing a severe form of COVID-19 are the
history = of  smoking/current ~ smoking,
overweight/obesity, high blood pressure,
hypercholesterolemia, and hypovitaminosis D.
Indirectly, risk  factors like poor
nutrition/unhealthy diet and outdoor physical
inactivity (with poor exposure to sunlight), are
also implicated since such habits may likely lead
to hypovitaminosis D. These direct and indirect
risk factors are also well-documented modifiable
risk factors for most chronic NCDs [38]. Chronic
NCDs-like chronic obstructive pulmonary
diseases (COPD), hypertension, cardiovascular
diseases (heart disease, stroke), diabetes
mellitus, chronic kidney disease, chronic liver
disease, and some cancers (like leukemia,
lymphoma or myeloma) were also identified as
underlying co-morbid conditions that are
associated with and modifies clinical
progression and outcomes in COVID-19. The
presence of these underlying chronic diseases in
many cases tend to increase COVID-19
susceptibility, progression, and worsen the
clinical outcome.

Many pieces of evidence have also strongly
associated these chronic co-morbid diseases
with unhealthy lifestyle choices like unhealthy
diets, tobacco use, and physical inactivity [38].
Overweight/obesity, high blood pressure, and
hypercholesterolemia, are also lifestyle-related
intermediate risk factors for these chronic



co-morbidities [36]. According to the WHO and
some other scientists, some healthy lifestyle
choices, if practiced consistently and correctly,
have been clinically proven to be effective in
controlling these COVID-19  associated
modifiable risk factors, and ultimately prevent,
control, or even reverse some of the underlying
chronic diseases [39, 40]. Some of the well
documented healthy lifestyle choices that are
capable of performing these tasks include

(especially outdoor), adequate restorative sleep,
good stress management, avoidance of alcohol
abuse, good mental and psychological health,
and social connectivity [39, 40, 41]. During the
pre-COVID-19 state, the practice of healthy
lifestyle as a preventive effort in addition to
other preventive measures will likely reduce the
infectivity rate of SARS-CoV-2 [25] and flatten
the COVID-19 pandemic curve faster (see
Figure 1) [42].

healthy diet, adequate physical activity
New
Cases Delay peak N
'\Nlthou? Reduce
preventative
peak
measures
cases

Health system capacity

With
preventative
measures

Time from first case

Figure 1. Potential Effect of Preventive Measures on the COVID-19 Pandemic Curve

As depicted by the graph, preventive
measures (that include measures like hand
washing, physical distancing, healthy lifestyle,
etc.), are vital in the global efforts to quickly
flatten the COVID-19 pandemic.

For the peri-COVID-19 (confirmed positive
COVID-19) state, lifestyle modification will
likely slow down the disease progression,
stabilize underlying chronic diseases, and
significantly improve clinical outcomes, with a
consequential reduction in case fatality rate [43].
This lifestyle interventions might be particularly
important in cases with poor response to

pharmacological intervention. During post-
COVID-19 (confirmed negative COVID-19)
state, consistent healthy lifestyle practice will
likely ensure early recovery of the assaulted
multiple organs, stabilizes the underlying
disease conditions, and ensure the patients
quickly regain their pre-morbid functionality
with faster reintegration to the larger society.
Some of the general lifestyle intervention
principles that should be considered in the
management of pre-, peri-, and/or post-COVID-
19 cases can be found in Table 1[40, 44, 45, 46].

Table 1. General Lifestyle Intervention Recommendations in COVID-19 Management

Categories Recommendations
Make healthy food choices. The food should be low in saturated fats, trans-fat and
Nutrition calories, but high in fiber and other nutrients. Such should contain a significant

number of fruits, vegetables, whole grains, legumes, nuts, and seeds.

Daily water intake should be minimum of 2 - 3 liters, with no carbonated drinks.

Physical Activity

Be physically active. Engage in moderate-intensity aerobic physical activity
(preferably outdoor) of 30 minutes to 1 hour every day. This should be done
without compromising the physical distancing rules.

Weight
Management

Maintain body mass index (BMI) between 18.5 to 24.9 kgm2 and waist-hip ratio
to less than 0.8 in women and 0.9 in men.




Harmful Quit tobacco use, reduce the amount smoked, or do not start the habit.
Substances If you must drink alcohol, do so in moderation and it should not be every day.
Sleep Ensure 7 to 8 hours of uninterrupted sleep every night.

Adopt a variety of measures to keep stress levels low all the time. Such measures
Stress may include adequate planning of daily activity, adequate coping skills, deep

breathing, meditation, mindfulness, and Yoga.

Psychological
Wellbeing

Ensure positive psychological and mental wellbeing all the time with a positive
outlook of situations. Ensure social connection with loved ones, without
compromising the physical distancing rules.

Conclusion

Policymakers should carefully consider the
association between COVID-19 and some socio-
demographic risk factors, lifestyle-related risk
factors, and underlying chronic disease. A
comprehensive COoVID-19 prevention
guideline, that emphasizes healthy lifestyle,
should be designed to target the general
population, but most importantly at-risk
population (people whose socio-demography,
lifestyle, or occupational status places them at
higher risk of contracting SARS-CoV-2).
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