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Abstract

Obesity has now become a global concern and contributes to various risk factors, especially in Western countries, where its
prevalence has increased sharply. This surge has led to a significant increase in cardiovascular diseases in the general population.
Inflammatory proteins, such as C-reactive protein (CRP), play an important role in the acute phase response to inflammation.
This study aimed to investigate the impact of obesity on inflammation, as measured by CRP levels, in obese patients who exhibit
frequent inflammatory responses. These patients may be at an elevated risk of contracting COVID-19 due to the effects of
obesity on the immune system, with variations observed based on gender, ethnicity, and age. Our findings emphasize the
importance of obese individuals maintaining low CRP levels to mitigate the risk of COVID-19 infection.
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Introduction

In Western countries, the rise of economic growth and
industrialization has coincided with a notable increase in
obesity rates. This growing prevalence of obesity has led
to serious health consequences, especially an uptick in
cardiovascular diseases, which now stand as the leading
cause of death in these regions [1, 2]. Research has
indicated that the duration of obesity may be more
impactful on health than its severity, with excessive
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intake of dietary fats—particularly saturated fats and
cholesterol—being a key factor contributing to obesity’s
rise due to an imbalanced diet [3, 4]. Obesity is now
recognized as a condition that fosters chronic
inflammation, evidenced by heightened production of
pro-inflammatory cytokines (such as TNF-a and IL-6)
and increased levels of systemic inflammation markers
like CRP [5]. Some studies suggest that this ongoing
inflammation  could lead to cardiometabolic
disturbances, such as endothelial dysfunction and insulin
resistance, which are common in obese individuals [6].

Humans, along with other higher mammals, are born with
an inherent response to food stimuli [7, 8]. Over time, this
innate response is shaped through unconscious Pavlovian
conditioning, where the sensory attributes of food
become linked to its physiological effects. As a result,
individuals can predict the nutritional consequences of
what they eat and adjust their consumption accordingly.
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However, in obese individuals, this adaptive mechanism
appears to be disrupted, particularly concerning a
heightened preference for foods rich in fats [9, 10].

The global COVID-19 pandemic has created a serious
public health crisis, particularly due to its association
with widespread pneumonia. CT scans are crucial for
assessing the severity of pneumonia, while CRP levels
serve as a reliable indicator for diagnosing this condition
early. High CRP levels are often associated with severe
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cases of pneumonia [11-14]. Similarly, during the 2002
SARS epidemic, CRP overexpression was linked to
severe respiratory issues and increased mortality, though
the results from different studies were not always
consistent [15, 16].

The relationship between high-level

BMI and

Coronavirus COVID-19 contamination risk is presented
in Figure 1.
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Figure 1. Relationship between high-level BMI and Coronavirus COVID-19 contamination risk.

This study aims to explore the impact of obesity on
inflammation, as measured by CRP levels, in obese
patients who exhibit frequent inflammatory responses.

Obesity
Definition

Obesity has become a widespread global health issue. In
adults, it refers to an excessive accumulation of body fat
that leads to various health risks. This condition arises
when there is an imbalance between calorie intake and
energy expenditure. Obesity is often described as a
disorder in which the body’s fat mass surpasses the
accepted normal range, influenced by factors such as age,
gender, body size, and muscle mass. The increase in fat
can result from hypertrophy, where individual fat cells
increase in size and fat content, or hyperplasia, where the
total number of fat cells grows, or a combination of both,
particularly in those who are severely obese. The excess
fat can be distributed evenly across the body or may be
concentrated in specific regions [17-19].

Epidemiology and Classification

Several classification systems have been proposed to
categorize obesity:

Obesity Classification by Body Mass Index (BMI)

The World Health Organization (WHO) has identified
obesity as a major epidemic of the modern age,
recognizing it as a critical public health issue (Table 1)
[20].

Table 1. Classification of adults according to BMI [21].

Classification (Adults) BMI category (Kg/m?)
Insufficient weight <18.5
Normal weight 18.5-24.9
Overweight 25.0-29.9
Obesity 30.0-34.9
Class I (moderate) 35.0-39.9

Class II (severe) 40 and more

Class III (morbid)

40 and more
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Waist-to-Hip Ratio and Obesity Classification

The waist circumference (TT) and hip circumference
(TH) are measured with a tape measure on a standing
individual, and the ratio of TT/TH is used to categorize
obesity. If the ratio is under 0.9 in women and under 1 in
men, the person is not considered obese. When the ratio
exceeds these thresholds, the individual is classified as
having gynoid (in women) or android (in men) obesity
[22]. While BMI is a widely used tool to assess obesity,
it does not provide specific details about body
composition, such as the proportions of fat and lean
tissue, or fat distribution, which can vary significantly
between individuals [23]. It is now acknowledged that
abdominal fat (android obesity) poses a greater health
risk than fat located in the hips and thighs (gynoid
obesity), regardless of BMI. Android obesity is linked to
more severe metabolic complications and is therefore
considered the more dangerous form of obesity. Studies
have shown that within each BMI category, an increased
waist-to-thigh ratio, which estimates abdominal fat, is
associated with a higher risk of heart attack [24].
Moreover, individuals with lower visceral fat levels show
glucose tolerance levels similar to those of normal-
weight individuals. The International Day for the
Evaluation of Abdominal Obesity (IDEA) study further
supports the importance of waist circumference as a
significant factor in predicting the risk of cardiovascular
disease and type 2 diabetes [25, 26].

Obesity Prevalence

Obesity prevalence tends to rise with age, with the
highest rates observed in individuals aged 65 to 69 years.
Research suggests that the combination of high-fat diets
and sedentary lifestyles contributes to the increasing rates
of obesity, particularly in countries experiencing a
transition from poverty to wealth [27].

In the United States: 61% of the population is classified
as overweight, with this trend steadily increasing across
all age groups and genders over the last two decades.
Notably, the obesity rate in teenagers has tripled over the
past 20 years [28].

In Europe: Obesity rates are generally higher in southern
European countries compared to northern Europe, a shift
attributed to changes in diet, such as the replacement of

traditional Mediterranean foods with those high in fats,
sugars, and salts [29].

In France: Data from the Nutritional Surveillance and
Epidemiology Unit [USEN, 2007] reveals that the
prevalence of obesity has increased from 8.2% in 1997 to
12.4% in 2006, affecting approximately 5.9 million
people in France [30].

In Spain: Southern European nations have prioritized
addressing food security and malnutrition, and available
data indicates that obesity is emerging as a concern,
particularly among women [31].

In Algeria (Maghreb Region): Despite some social
groups facing undernourishment, recent surveys show
that 53% of women and 36% of men in Algeria are
overweight or obese [32].

Metabolic Consequences of Obesity

Obesity is a key risk factor for developing insulin
resistance and non-insulin-dependent diabetes, especially
abdominal obesity. It is also linked to cardiovascular
Metabolic syndrome, which
combination of risk factors such as high blood pressure,
hypertriglyceridemia, low HDL cholesterol levels, and
non-insulin-dependent diabetes, is exacerbated by excess
visceral fat [33].

diseases. includes a

Adipose Tissue and Its Role

Adipose tissue serves as the body’s primary energy
storage organ, storing triglycerides that can be mobilized
through lipolysis to supply energy to other tissues.
Besides being a source of energy, it also provides
substrates for gluconeogenesis (glycerol) and lipoprotein
synthesis (free fatty acids) to support various
physiological functions, including those of the liver [34].

Materials and Methods

Subjects and Patients

The present study examined the demographic
characteristics of both patients and control groups, which
were documented through a questionnaire. Informed
consent was obtained from all participants involved in the
study. The criteria for selecting obese participants were
based on specific characteristics, as shown in Figure 2.
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Figure 2. Schematic summary of the demographic characteristics of obese patients.

Determination
Method

of CRP via Immuno-Agglutination

In this study, CRP levels were measured in serum using
the immuno-agglutination technique, where serial two-
fold dilutions were used in combination with an
antiserum containing anti-CRP antibodies that were fixed
on latex particles [35, 36]. The method was utilized in
Spain for both qualitative and semi-quantitative CRP
testing [37]. The CRP-Latex reagent, which is coated
with anti-human CRP antibodies, is calibrated to detect
serum CRP levels beginning at 6 mg/L, a value that is
considered clinically significant. When the CRP-Latex
reagent is mixed with serum, an antigen-antibody
reaction occurs, resulting in visible agglutination within
approximately two minutes [38]. The presence of
agglutination indicates the presence of CRP in the sample
[39].

Semi-Quantitative CRP Analysis in the Context of
COVID-19 Cases

BMI is commonly used to assess obesity levels. It has
been shown that excess adipose tissue increases the
expression of ACE2 receptors, which are critical for
SARS-CoV-2 virus entry into cells [40, 41]. ACE2
receptors are located in various organs, including the
lungs, arteries, heart, kidneys, and intestines, and serve
as co-receptors for the virus, thus enhancing the risk of
infection. Increased adipose tissue, by boosting ACE2

receptor production, may elevate the risk of contracting
SARS-CoV-2 and developing severe COVID-19
symptoms [42-45]. Due to the high viral load in obese
individuals, they may also be more likely to transmit the
virus to others [46-50].

Effects of Obesity on Body Functions

Obesity can impair capacity by limiting
diaphragmatic movement, which negatively impacts
overall respiratory function and leads to lower oxygen
saturation levels [51, 52]. This, in turn, weakens the
immune system’s ability to respond to viral infections,

lung

affecting both the progression of the disease and the
effectiveness of vaccines [53]. Higher mortality rates
from COVID-19 have been observed in regions with a
high prevalence of obesity, particularly in lower
socioeconomic populations [54, 55]. Obesity (BMI > 35
kg/m?) has been associated with a greater need for
oxygen (OR 3.09), higher rates of intubation (OR 3.87),
and an increased risk of in-hospital death (OR 3.78) [56].
Obese individuals are also more likely to exhibit reduced
lung function during COVID-19 infection, as seen in the
Lille Intensive Care, COVID-19, and Obesity study
group in France. The study revealed that 47.6% of ICU-
admitted COVID-19 patients were obese (BMI > 30
kg/m?), with 28.2% classified as extremely obese (BMI >
35 kg/m?) [57]. As BMI increased, the severity of illness
and the need for mechanical ventilation escalated,
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reaching almost 90% in patients with a BMI greater than
35 kg/m? [58].

CRP Quantification

To measure CRP levels, serial dilutions (1:2, 1:4, 1:8,
1:16, etc.) were carried out using physiological saline.
For each dilution, a qualitative test procedure was
performed [59]. The highest dilution that produced a
positive result indicated the serum titer, which was used
to calculate the CRP concentration based on the visible
agglutination [60-62]. The CRP concentration was
determined by multiplying the serum titer by the
sensitivity threshold of 6 mg/L [63, 64]. Additionally,
cholesterol and triglyceride levels were analyzed using
Bio Maghreb kits following standardized protocols [65-
67].

Results and Discussion

Molecular analyses have shown that certain patients’
immune reactivity can serve as a significant marker for
the severity of COVID-19. Obesity, which is prevalent
among COVID-19 patients, contributes to compromised
lung function and lower oxygen levels, ultimately
affecting immune responses and leading to chronic low-
grade inflammation. This inflammatory state is
characterized by the increased secretion of proteins by
immune system cells, which exacerbates the condition in
obese individuals.

This review highlights that obesity induces an
inflammatory effect through elevated CRP levels,
emphasizing the importance of immune system
activation and the inflammatory status in obese patients.
Obesity can thus be categorized as a leading non-
infectious “inflammatory” disease. The distribution of
adipose tissue plays a crucial role in the inflammatory
response, as abdominal fat, in particular, exacerbates the
inflammatory state associated with obesity.
Hyperinflammation, indicated by high CRP levels, has
also been identified in the pathogenesis of other human
coronavirus infections. In this study, elevated CRP levels
were associated with higher risks of mortality,
underlining the need for careful management of CRP
levels and respiratory support to mitigate the risks in
COVID-19 patients.

Conclusion

Elevated CRP levels, as indicators of inflammation, are
closely linked to an increased risk of severe COVID-19
outcomes in obese individuals. These individuals face a
higher risk of infection, severe disease progression, and
death due to obesity being an independent risk factor for
severe COVID-19. Additionally, excess adipose tissue
heightens the risk of spreading the virus to others. This
review aims to shed light on the risks faced by obese
populations  during the COVID-19 pandemic,
emphasizing the importance of CRP testing, immune
function, and respiratory system protection.
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