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Abstract

Infection morbidity and mortality generate a significant global
health burden. Several pandemics throughout human history
have caused considerable suffering and killed millions of people.
The ongoing Covid-19 pandemic is one such example.
Individual lifestyles, if healthy, have been shown to modulate
immune function and help fight infection. The five most
important lifestyles are diet, obesity, exercise, alcohol
consumption, and smoking. A favorable lifestyle or a prudent
change result in reducing the risk and severity of infections.

These include several viral, bacterial, parasitic, and fungal
infections. The medical scientific literature is loaded with large
well-done studies that have focused on the individual role of
these lifestyles. A direct connection has been identified and
verified in most cases. This manuscript provides a narrative
review of this lifestyle-infection relationship. The aim is to raise
the awareness of health care providers on the significant impact
healthy lifestyles can have on infectious diseases. It is hoped that
disseminating this data will translate into improved healthcare.
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Introduction

Infection is defined as ‘the invasion of a host organism's bodily tissues by disease-causing organisms, their multiplication, and
the reaction of host tissues to these organisms and the toxins they produce’ M. Infections are caused by microorganisms such as
viruses, bacteria, and larger organisms like parasites and fungi. It’s been one hundred years since the “Spanish” flu - a global
viral flu that was devastating, infected almost 500 million people, and killed more than 50 million 2. Most deaths resulted from
secondary bacterial bronchopneumonia. Smallpox, caused by variola virus, is estimated to have caused 300-500 million deaths
in the 20th century alone B, Human immunodeficiency virus (HIV) has infected 75 million people and killed about 32 million
to date . There are 36 million persons living with HIV (PLHIV) and 1.9 million new HIV cases occur annually 1. Over the
last decade, the world has seen the emergence and re-emergence of several lethal viral infections, including those by Zika virus
81 the Ebola Influenza virus '), and the Middle East Respiratory Syndrome coronavirus 1. More recently, humans are facing
the wrath of the COVID-19 virus, which has become a pandemic infection. As of this writing, there have been more than 250
million cases with 5 million deaths from COVID-19 worldwide [, -and the infections and fatalities continue to rise. COVID-19
was the 2nd leading cause of death in the U.S. in September 2021 %1, During this period, it was the number 1 cause of death for
people aged 35-54 [13, These deaths are mainly due to pneumonia, progressing to respiratory failure, shock, and multiple organ
failure 2, Bacterial infections are no less prevalent. Globally, pneumonia is the most common infectious cause of death, the
fourth most common cause of death overall, and the second leading cause of life years lost. In 2015, the Global Burden of
Disease Study estimated that lower respiratory tract infection caused 2 million adult deaths and an estimated 37 million years of
life lost (31, Tuberculosis (TB) is another scourge, especially in low-income countries. TB incidence according to the World
Health Organization (WHO) in the African and Southeast Asian regions is 275 and 246 cases per 100 000, respectively. It is
estimated that 86% of global TB deaths occur in these regions ', Further, TB is the most common cause of death in people
living with HIV (PLHIC) worldwide and accounted for one-third of all HIV-related deaths in 2018 [*31. Another infection,
cryptococcal meningitis, accounts for 15% of acquired immunodeficiency syndrome-related deaths 61, Fungi infect billions of
people worldwide and kill more than 1.5 million per year. This death toll is on par with deaths caused by prominent bacterial
and parasite pathogens, such as those causing tuberculosis and malaria 7. Alarmingly, the incidence of invasive fungal
infections is increasing, and multidrug-resistant pathogens are spreading across the globe [*8. Parasitic infections like Malaria
also continue to thrive and kill. In 2019, an estimated 409,000 people died of malaria-most were young children in sub-Saharan
Africa 9, Intestinal infections like amoebiasis, ascariasis, hookworm infection and trichiniasis are among the ten most common
infections in the world 2%, Despite the advent of modern anti-infectious agents, due to the development of drug resistance and
the appearance of new mutants, humans continue to be highly vulnerable to infectious diseases.
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Discussion

Hosts fight infections using their immune systems. The innate
immune system is the first line of defense against infections.
It is rapid and short-lived and is not characterized by long-
term immunological memory. Encoded pattern-recognition
receptors recognize evolutionarily conserved pathogenic
structures and induce the macrophages to eliminate the
invaders 1, Adaptive immunity is lifelong and involves the
action of long-lived T and B lymphocytes, which recognize
specific pathogens and remember them 2, They thus prime
the body for any later attack by the same organism. T cells
represent the main mediators of the cellular immune response
while B cells are the mediators of the humoral immune
response %1, Vaccines utilize this innate process to provide
future immunity. The main functions of the innate and
adaptive immune systems are to recognize aggressor agents
and to activate effector mechanisms, defending the organism
against infections (and chronic inflammatory diseases). The
innate response is associated with a rise in the acute phase
protein called C-reactive protein (CRP) 4. Normal CRP
levels are typically below 3.0 mg/L. They are usually above
10 mg/L in acute infections. The hs-CRP test can detect lower
levels of CRP in the bloodstream (0.5-10 mg/L). Levels
between 3 mg/L and 10 mg/L are mildly elevated and usually
result from chronic non-communicable diseases. Levels
between 10 mg/L and 100 mg/L are moderately elevated and
indicate a significant inflammation from an infectious or non-
infectious cause. A severe infection will raise the CRP levels
above 100 mg/L. Lower levels of CRP usually indicate a
‘sterile’ inflammation 3 and are found in approximately
10% of healthy individuals [%6, Sterile low-grade
inflammation increases the susceptibility to infections.
Unhealthy lifestyles are often associated with low-grade
inflammation #71, These include obesity 281, smoking 2%, lack
of physical activity %, alcohol intake (in excess) ¥4, and an
unhealthy diet 2, Unhealthy lifestyles frequently co-exist
with each other and produce a deleterious synergistic effect
38 For example, the COVID-19 pandemic has been
associated with a 28.6% increase in sedentary behavior and a
significant rise in the consumption of less healthy food [34,
Healthy lifestyles decrease low-grade inflammation and not
only protect the body against infection but also retard its
progression [ %1 They also improve the response to
vaccination B71. These lifestyles and their relationship with
infections is discussed below.

Smoking

Smoking increases the risk of several infections, including
acute upper respiratory tract infection and community-
acquired pneumonia (CAP) [, Baik et al. reported that the
risk of CAP in smokers is approximately 1.5 times that of
non-smokers B%. Nuorti et al. found that the morbidity of
CAP in smokers was 4.1 times that of non-smokers 101, A
more recent study by Almirall et al. found that this risk
increase with smoking more cigarettes-and estimated that it
increased by 3.89 in persons who smoked more than 20
cigarettes a day [“4. Passive smokers are also affected [*2,
Smoking cessation helps. Quitting more than 4 years ago
significantly decreased the risk of CAP when compared to
individuals who quit smoking for less than 1 year (Odds
Ratio-0.39) 3, It is estimated that the risk reduces to that of
non-smokers if smoking cessation exceeds 5 years [4,
Smoking increases the risk of meningitis (especially
cryptococcal meningitis) in PLHIV ¥®, Secondhand smoke
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increases the risk of developing an invasive meningococcal
disease in children 61, Smoking is associated with excessive
destruction of the supporting periodontal tissues, bone loss,
pocket formation, and premature tooth loss (7). Smoking also
increases the risk of H. pylori (HP) infection &, One study
found that the HP infection rate in the smoking group
(51.01%) was significantly higher than that in the non-
smoking group (38.27%) *?1. Smoking also makes the anti-
HP treatment less effective . Smoking increases the
susceptibility to tuberculosis (TB) by 2-2.5 times B,
Smoking enhances TB progression, decreases the
effectiveness of treatment, increases relapse, and raises
mortality 21, Smokers with TB are also more likely to be
treatment non-compliant 31, Smoking also increases the risk
of oral candidiasis in PLHIV 4, Besides the diminished
immune status and direct damage by the smoke-related
chemicals in these patients, tobacco may be contaminated
with fungal spores [°1. Superficial fungal infections can
become invasive in smokers and result in increased morbidity
and mortality 6, Since PLHIV are immunocompromised
and smoke more 7, they are at a higher risk of invasive
fungal infection. Smoking results in detrimental alteration of
the structural, functional, and immunologic host defenses 81,

Alcohol

The increased risk for infections with alcohol consumption
was recognized as early as 1785 by Benjamin Rush B9, It is
now well established that alcoholics have chronic low-grade
inflammation and increased susceptibility to viral and
bacterial infections %, A systematic review and meta-
analysis found a 6% increase in the risk of pneumonia per
standard drink of 12 g of pure alcohol per day ©. Another
study estimated that consuming drinks that contain 10-20 g
of alcohol per day results in an 8% increased risk of acquiring
CAP 62 Alcohol use also increases the risk for developing
incident TB by 35% [, Alcohol use results in poor TB
outcomes, including treatment failure, increased mortality,
and treatment non-compliance 471 Alcohol has also been
implicated in facilitating transmission of TB, via interactions
in bars, prisons, and among homeless populations [8 6,
Alcohol also adversely affects hepatitis C virus and hepatitis
B virus infections ['% 71, Both acute and chronic alcohol
consumption increase host susceptibility to HIV infection /%
781, Alcohol consumption also renders PLHIV more
susceptible to TB [, Alcohol intake may increase
susceptibility to COVID-19 infection [, Gauthier et al.
reported that maternal alcohol use increases the risk of
infection in newborns 81, Acute and chronic alcohol use
leads to a dysregulated inflammatory state and an impaired
immune response, and these effects contribute to a markedly
increased risk of infections 60 771,

Obesity

Obesity and its related non-communicable diseases have
substantial effects on the global burden of infectious diseases
[781. Obese individuals are more likely to develop nosocomial
[ and postoperative infections (8%, These are more likely to
progress to serious complications in these individuals.
Obesity is also a risk factor for periodontitis 4, and skin and
soft tissue infections 2. There is an association between
obesity and poor outcome in pandemic HIN1 influenza
infection. Obese patients with HIN1 infection are more likely
to be admitted to the intensive care unit, have a longer
duration of mechanical ventilation, have a longer hospital
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stay, and are more likely to die compared with non-obese
patients [83. Obesity also seems to worsen COVID-19
infections [#4 resulting in more hospitalizations and more
deaths %, In general, people with larger BMI have more
severe infections and a reduced response to antimicrobial
drugs 8, They may also have a reduced response to
vaccinations 7, Adipocytes are actively involved in the
regulation of inflammation and immunity (88 8],

Exercise

Physical activity refers to activities undertaken during leisure
time, at home, as part of employment, or for transport
purposes. “Exercise” is a component of physical activity
within the leisure time domain and refers to physical
activities that are planned, structured, repetitive, and
undertaken to improve or maintain components of physical
fitness and/or sporting performance . Regular physical
activity is associated with a reduction in the risk of non-
communicable diseases such as diabetes mellitus, cancer,
cardiovascular disease, and many other disorders 4, It also
helps in reducing the risk of contracting infections [2-%],
Exercise helps improve immunosurveillance, thereby
reducing the risk of contracting infections and related
morbidity and mortality 7. An inverse relationship exists
between moderate exercise training and incidence of acute
viral respiratory infections including the common cold,
influenza, pneumonia, and Covid-19 8. Barret et al, in a
randomized controlled trial, reported that participants in the
exercise group had fewer episodes of illness compared to
participants leading sedentary lifestyles 9, Neiman and
colleagues found that a daily brisk walk cut the number of
sickness days by half (monitored for a 12- to 15-week
period), when compared to inactivity %I, In another study,
aerobic exercise 5 days or more per week resulted in 43%
lower episodes of acute respiratory illness when compared
with those who were largely inactive (after adjusting for
several confounders) MU, In a meta-analysis, Chastin and
colleagues found that a higher level of habitual physical
activity not only decreases the risk of acquiring community
based infectious diseases - a 31% risk reduction (hazard ratio
0.69; N = 557,487 individuals) but is also associated with a
37% risk reduction (hazard ratio 0.64, 4 studies, N = 422,813
individuals) of infection-related mortality %21, The mortality
benefits of regular moderate-intensity exercise had been
noted earlier in a large epidemiological study of 97,844 adults
from England and Scotland. In this study, mortality due to
bacterial and viral infections were reduced by more than 50%
over a 9-year period with exercise 1%, Regular exercise also
beneficially impacts COVID-19 infections (1041, |n one
review, physical inactivity was related to a 32% increased
risk for COVID-19 hospitalizations 1%, Physical exercise
has also been noted to influence HIV infections. In PLHIV,
regular physical exercise (aerobic combined with
strengthening exercise) helps mitigate pre-sarcopenia,
sarcopenia, myalgia, and low bone mineral density [, |t
helps improve cardiorespiratory fitness, body composition,
mental health, and the overall quality of life in these patients
(1081 physical exercise also helps patients with TB. In 2016,
the American Thoracic Society recommended exercise
rehabilitation in patients with tuberculosis109. Moderate
exercise may also help control infections caused by
intracellular parasites such as Listeria monocytogenis,
Toxoplasma gondii, Trypanosoma cruzi, and Leishmania
protozoa ', Exercise can also increase the risk of infections.

www.allmedicaljournal.com

Intense exercise has been associated with greater morbidity
and mortality from infectious diseases [***-113], There appears
to be an open window (3-72 hours) of altered immunity
following intense exercise, where there is a higher incidence
of subclinical and clinical infection ™4, Further, exercising
in gyms during periods of peak occupancy and poor
ventilation may increase the risk of infections such as
influenza and tuberculosis %1, Also, fungi and germs may
thrive at the gym (warm moist places such as sweaty exercise
equipment and locker room showers), exposing exercising
individuals to a variety of common skin infections, including
ringworm, plantar warts, or impetigo 161, Swimming in fresh
or saltwater for sports or exercise can result in cercarial
dermatitis, a parasitic disease 71, It appears that the current
guidelines for physical exercise recommended by most major
professional associations (150 min per week of moderate to
vigorous physical activity, combining aerobic and
strengthening activity) for the prevention of chronic disease
can also reduce the risk of infectious diseases and infectious
disease mortality 18], Regular moderate exercisers also have
a better response to vaccination ™%, Physical activity helps
improve several chronic conditions such as diabetes or
obesity and reduces stress, and this may also help reduce the
risk of complications and mortality due to infectious disease
11201 Exercise enhances innate and adaptive immune systems,
as evidenced by an increased in CD4 cell counts and salivary
immunoglobulin IgA concentration, decreased neutrophil

counts, and higher antibody concentration after vaccinations
[102]

Diet

Certain foods and food ingredients have anti-inflammatory
and antioxidant properties and provide better immunity 2
1221 A well-functioning immune system helps prevent and
control pathogenic infections 1231241, However, certain states
may hamper this. A poor nutritional status resulting in under
nutrition can impair immunity to an infection due to
micronutrient deficiencies 112> 1261, On the other hand, over
nutrition induces low-grade chronic inflammation caused by
excess adiposity 8 8 The harmful effects of excess body
weight on infectious diseases have been discussed under
obesity. Finally, malnutrition, where the diet is unbalanced or
is lacking in certain nutrients, induces low-grade
inflammation and a reduction in T- and B-cells [?7- 1281, This
results in leucopenia and impairment in the immune response.
A proper diet is therefore extremely important to ward off and
fight infections [2%13U The Western diet is extremely
unbalanced. It is characterized by a high intake of saturated
fats and omega-6 fatty acids, reduced omega-3 fat intake, and
a high intake of refined sugar and salt }%2, This dietary
pattern is associated with elevated serum markers of
inflammation %31, Saturated fats enhance prostaglandin E2,
which has pro-inflammatory actions. It increases Interleukin
17 (IL-17) production and macrophage activation 34, 1L-17
is a pro-inflammatory cytokine and is responsible for the
development of inflammation in many disorders135. Dietary
fats alter the lipids in the membranes of immune cells (1361371,
Several other mechanisms also come into play to induce
inflammation 1% 1391, Omega-6 polyunsaturated fats, found
in most cooking oils, also alter the immune response [140-142],
Simple sugars reduce white blood cell phagocytosis and
increase inflammatory cytokine markers in the blood [143 1441,
High amount of salt in the diet increases IL-17 mediated
inflammation (145461 On the other hand, plant-based diets are
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rich in immune-boosting nutraceuticals, polyphenols,
terpenoids, flavonoids, alkaloids, sterols, pigments, and
unsaturated fatty acids "], They are also rich in complex
fiber and several micronutrients, which help reduce
inflammation and play a vital role in human immune
surveillance and defense [4%l, The Mediterranean diet
(MedD) is primarily a plant-based diet, abundant in
vegetables, fruits, cereals, minimally processed legumes, and
extra virgin olive oil, honey, dairy products, poultry, fish in
moderate amounts, red meat in small quantities, and includes
consumption of moderate quantities of wine 4% 1501, There is
a paucity of ultra-processed foods, refined sugars, and
saturated fats. The EPA (eicosapentaenoic acid) and DHA
(docosahexaenoic acid) in oily fish is converted to resolvins,
protectins, and maresins, which help in the resolution of
inflammation and help the healing process ['°%- 152, Fermented
food products, like yogurt in the MedD also help improve the
gut microbiome % 1% QOverall, MedD reduces
inflammation, increases immunity, and decreases infections
[150. 1551 Micronutrients that play a vital role in immunity
protection are vitamins A, C, D, E, B6 and B12, folic acid,
and metals like iron, copper, selenium, and zinc [% 1571,
Vitamin A is involved in maintaining the structural and
functional integrity of the mucosal cells. This vitamin is
important for the normal function of both innate
(macrophages, neutrophils) and adaptive (T and B
lymphocytes) immune cells %81, Vitamin D plays affects the
maturation and differentiation of various immune cells,
inducing the production of antiviral peptide cathelicidins and
defensins, and reducing the production of pro-inflammatory
cytokines. Its insufficiency and deficiency have been
associated with increased susceptibility to COVID-19 and a
poor prognosis %9161, \Vitamin C is an important antioxidant
and stimulates the production, function, and movement of
leukocytes (e.g., neutrophils, lymphocytes, phagocytes) [162
1631 vitamin E improves immunity by protecting the integrity
of cell membranes from damage caused by reactive oxygen
species (ROS). It also increases IL-2 production and T-
mediated cell functions [164 165 Vitamins B6 and B12 play an
important role in the production of antibodies, cytokines, and
in the proliferation and differentiation of lymphocytes (157164
1851, Folic acid supports Thl-mediated immune response 165
1661 Metals (iron, zinc, selenium, copper)-are important in the
differentiation and proliferation of T lymphocytes and in the
production of antibodies [% 1671 In a recent report, a
significant difference in mean ferritin levels was found
between survivor and non-survivor COVID-19 patients [168],
Low zinc level has been shown to double pneumonia-related
mortality rate in the elderly '€, Glutamine and arginine, two
amino acids, also beneficially modulate the immune cells (6
0, A prudent diet is therefore important for immuno-
protection. There is some indication that a healthy diet, along
with supplemental antioxidant intake, is beneficial to
COVID-19 patients 7Y, A poor diet is associated with a
higher risk of non-communicable diseases (such as diabetes
mellitus), and the latter further increase susceptibility to
infections 72, On the other hand, chronic infections may
decrease appetite, resulting in a poor intake of nutrients, and
thereby further worsening the immune function and
increasing the risk of infections (73],

Conclusion
Healthy lifestyles have a significant effect on preventing and
improving the prognosis of several infectious diseases. They
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also help mitigate chronic non-communicable diseases. The
combined benefit results in an improvement in survival. Li
Yanping et al., recently estimated that the life expectancy at
age 50 years was 29.0 years for women and 25.5 years for
men who had zero low-risk lifestyle factors. The life
expectancy increased at age 50 years to 43.1 years for women
and 37.6 years for men, if all five healthy lifestyles were
adopted. This meant an increase in projected life expectancy
at age 50 years by 14.0 years among females and 12.2 years
in men. This major increase in lifespan has also been reported
in other countries. A healthy lifestyle was associated with an
estimated increase of 7.4-17.9 years in life expectancy in
several countries, including Japan, UK, Canada, Denmark,
Norway, and Germany. This increased lifespan with healthy
lifestyles is accompanied by a decrease in infections and non-
communicable diseases.
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