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Abstract

Background: The Coronavirus (COVID-19), ahighly con-
tagious disease, has been officially classified as agloba pan-
demic by the World Health Organization. Notably, obesity has
been identified as a significant risk factor for severeillnessin
COVID-19 patients.

Aim of Sudy: This cross-sectional study determines the as-
sociation between BMI classification and the severity of COV-
ID-19 symptoms.

Material and Methods: The study included 366 adults re-
cruited from King Saud University Medical City (KSUMC).
The data were collected from the informational systems of pa-
tients on the hospital premises.

Results: Sixty-nine percent of the participants had elevat-
ed BMI, followed by norma BMI (29%) and low BMI (2%).
The chi-square test showed a statistically significant relation
(p=0.04) between BMI categories and the intensive care unit
(ICV) admissions. These findings suggest that people with a
higher BMI are more likely to have severe COVID-19 out-
comes than people with alow or normal BMI.

Conclusion: The findings of this study emphasize the im-
portance of recognizing obesity as a significant health threat
and arisk factor for communicable diseases to the public. Thus,
practitioners should closely monitor obese patients to prevent
severe and potentially lifethreatening outcomes.
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Introduction

THE Coronavirus 2019 (COVID-19) pandem-
ic was one of the most severe health crises of the
21st century. Thefirst case reported was in Wuhan,
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and within 90 days, it spread worldwide [1,2]. The
World Health Organization (WHO) declared the
COVID-19 outbreak a pandemic in the first quarter
of 2020 [3]. Symptoms of this virus vary from per-
son to person, ranging from asymptomatic, amild
infection, or potentially fatal. Comorbidities such
as hypertension, diabetes, coronary artery disease,
liver disease, and chronic obstructive pulmonary
disease (COPD) worsen the severity of COVID-19
symptoms in patients who have been diagnosed [4].
In response to this significant health thresat, the in-
ternational community advocated for modified per-
sonal behaviour, including greater adherence to per-
sonal hygiene practices, mask-wearing, maintaining
physical distance, and avoiding large gatherings.
Measures such as lockdowns and stay-at-home or-
ders were also implemented to reduce the curve's
steepness and effectively manage the spread of the
disease[5].

Obesity typically occurs when thereis an en-
ergy imbalance, where the amount of energy tak-
en in from food sources is higher than the amount
of energy burnt off through physical activity. Body
mass index (BMI) is commonly used as a quanti-
tative marker to determine obesity. However, it is
essential to note that BMI does not differentiate be-
tween fat and muscle mass and can be misleading
[6,7]. Obesity has been recognized as a significant
risk factor for critical illnessin COVID-19 patients.
Recent studies suggest that the prevalence of severe
diseases linked to obesity is higher in younger age
groups compared to older adults [8]. According to
areport by the CDC, individuals with preexisting
conditions such as heart disease and diabetes face
an elevated risk of experiencing COVID-19 compli-
cations, suggesting that obesity may exacerbate the
impact of the virus[9].

Asthe BMI scaleis used to classify being over-
weight or obese, several BMI criteria have been
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applied based on age agd gender. A BMI equa to
or greater than 25kg/m is considered overweight,
and aBMI greater than 30kg/m’ is considered obese
[10]. Obesity has more than doubled globally since
1980. More than 1.9 billion adults were overweight
in 2014, with over 600 million obese. Obesity isa
major national health concern due to the morbid-
ity and mortality it causes [11]. According to the
WHO, the Kingdom of Saudi Arabia (KSA) hasan
extremely high prevalence of overweight or obesity
in both adults and infants/children. The prevalence
of overweight and obesity in the KSA is 68.2% and
33.7%, respectively. The population enjoys arich
diet of fat and sugars and has low physical activity
(PA) [12]. Evidence suggests that obesity may be a
risk factor for coronavirus disease complications,
explaining how obesity isrelated to the severity of
COVID-19 [13].

Several studies have examined the link between
the severity of COVID-19 and obesity. Steinberg et
al., reported that obesity is considered an independ-
ent risk factor for poor prognosisin COVID- 19 pa-
tients [14]. Similarly, Al-Sabah et al. (2020) found
that patients with class one obesity were 3.5 times
more likely to be admitted to the ICU compared to
patients with anormal BMI, while patients with
morbid obesity were 5.2 times more likely to be ad-
mitted to the ICU [15]. These findings demonstrate
the dangerous impact of obesity on COVID-19 re-
lated ICU admissions.

There are not many studies on the association be-
tween obesity and the severity of COVID-19 among
patients residing in Saudi Arabia. Based on this gap,
this study aimed to investigate the association be-
tween BMI classification and COVID-19 serious-
ness among patientsin Saudi Arabia. By analyzing
the data on ICU admissions and BM | classification,
we aimed to understand better the risks faced by in-
dividuals with varying obesity grades when it comes
to severe COVID-19. Ultimately, the findings from
this study could help support public health policies,
protect atrisk populations, and prevent the severity
of future pandemics within Saudi Arabia.

Material and Methods

Ethical approval:

The study was approved by King Saud Univer-
sity, College of Medicine' s Ethics Committee (No.
E-22-6721). Study summary and informed con-
sent were provided to those who met the eligibili-
ty criteria before participation through phone calls.
Furthermore, participants were informed that they
could withdraw from the study any time.

Sudy design:
This cross-sectiona study investigated 366 pos-

itive COVID-19-infected patients recruited during
their hospitalization at King Saud University Med-

ical City (KSUMC) in Riyadh, KSA. Patients who
tested positive for COVID-19 and were admitted
into the KSUMC were included in the study; those
who tested negative were excluded. The diagnosis
of COVID-19 patients was confirmed in the hospi-
tal premises of KSUMC.

BMI calculation:

BMI is calculated as weight in kilograms divid-
ed by the square of height in meters (kg/n ). The
BMI yvas categorized into (i) underweight (<18.5
kg/m"), (ii) normal weight 18.5-24.9 kg/m"), (iii)
overweight (25.0-29.9 kg/m’), (iv) Class-I obesity
(30.0534.9 kg/m"), (v) Class-II obesity (35.0-39.9
kg/m") and (vi) Class-III obesity (>40.0 kg/m") [16] .

Data collection:

Datafor COVID-19-infected patients were gath-
ered from the patient database stored on hospital
premises. The collected data included anthropomet-
ric measures, demographic information, admission
date, medical history, and severity of COVID-19
based on the Ministry of Health protocol (MOH,
2022) in Saudi Arabia as mild to moderate symp-
toms:. Fever, cough, headache, sore throat, dyspnea,
trembling or pain in the body, nausea, diarrhoea,
and loss of sense of smell or taste; and severe symp-
toms: Clinical signs of pneumonia (fever, cough,
and dyspnea) and one of the following: Respirato-
ry rate >30min (adults), blood oxygen saturation
<90% on room air.

Data analysis:

A descriptive analysis was conducted to inter-
pret the characteristics of the study participants,
their BMI, and the severity of COVID-19. The Chi-
square test compared mild/moderate and severe
symptoms among COV ID-19 patients with and
without BMI. The data was reviewed, cleaned, and
anayzed using SPSS software (28.0.1.1). A p-val-
ue <0.05 determines statistical significance, and a
95% confidence interval (CL) shows the estimate’s
accuracy.

Results

Sociodemographic characteristics of study par-
ticipants:

Table (1) displays the sociodemographic char-
acteristics of study participants. Male subjects ac-
counted for 58.5% of the participants, while the
remaining 41.5% were female. The participants
were classified into three age groups: 31.7% were
between 18 and 39, 35.2% were between 40 and 59,
and 33.1% were over 60. 56% were Saudi nation-
as, while the other 44% were non-citizens. Of the
participants, 2.2% had alow BMI level, 27.3% had
norma BMI levels, and 70.5% had increased BM|
levels.
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Table (1): Sociodemographic characteristics of study partici-
pants (n=366).

Categories n (%)
Gender:
Female 152 (41.5%)
Male 214 (58.5%)
Nationality:
Saudi 205 (56%)
Non-Saudi 161 (44%)
Age:
18-39 116 (31.7%)
40-59 129 (35.2%)
60 and above 121 (33.1%)
BMI levels: 5
Low BMI (<18.5 kg/m") 5 8 (2.2%)
Normal BMI (19.0-2%.9 kg/m") 100 (27.3%)
High BMI (=25 kg/m ) 258 (70.5%)

BMI = Body Mass Index.
Kg =Kilograms.
m2 = Metre squared.

Prevalence of diseases with mild, moderate, and
severe symptomsin COVID-19 patients:

The Ministry of Health’ s protocol served asthe
basis for determining the severity of the COVID-19
cases. Table (2) shows many patients diagnosed
with COVID-19 had preexisting conditions, anong
which 23.8% were diabetic, 3.3% had cardiovascu-
lar disease (CVD), 13.4% had hypertension (HTN),
3% had chronic kidney disease (CKD), and 0.8%
had cancer. Upon hospital admission, patients ex-
hibited typically mild and moderate symptoms of
COVID-19 infection, including flu (35.2%), short-
ness of breath (SOB) (22.1%), pain (14.2%), vomit-
ing (2.5%), and diarrhoea (1.1%). Additionally, the
severe symptoms reported by COVID-19 patients
include pneumonia (19.4%), acute respiratory dis-
tress syndrome (ARDYS) (7.1%), ICU admission
(21.3%), ICU stay (11.7%), mortality (9.6%), sepsis
(6.3%), and shock (3.3%).

Correlation between the body mass index and
severity of symptomsin COVID-19 patients:

BMI levelswere classified into three categories:
low, normal, and high BMI (Table 3, Fig. 1). Out of
the eight subjects with low BMI, six suffered from
flu (75%), two experienced pain (25%), one expe-
rienced ARDS (12.5%), one required ICU admis-
sion (12.5%), two stayed in the ICU (25%), and two
died (25%). None suffered from shortness of breath,
vomiting, diarrhea, or pneumonia. A total of 104
subjects with normal BMI were examined. Among
them, 37 individuals (35.6%) experienced flu symp-
toms, 21 (20.2%) experienced shortness of breath,
18 (1.3%) reported pain, three (2.9%) experienced
vomiting and diarrhoea, one individual (0.96%) had
pneumonia, 15 individuals (14.4%) were diagnosed
with ARDS, two required admission into the ICU
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(1.9%), 20 (19.2%) remained in the ICU, and 14
individuals (13.5%) died. Therest of the partici-
pants (n=254) were classified as having ahigh BMI.
Among this group, 89 individuals (35%) suffered
from flu, 60 from shortness of breath (23.6%), 32
(12.6%) experienced pain, 6 (2.4%) suffered from
vomiting and diarrhoea, three individuals (1.2%)
were diagnosed with pneumonia, 57 (22.4%) with
ARDS, 23 (9.1%) required admission to the ICU,
56 (22%) stayed in the ICU, and 27 died (10.6%).
The chi-square test revealed a statistically signifi-
cant correlation between BMI levels and severe
symptoms with a p-value of 0.04.

Table (2): Prevalence of diseases with mild, moderate, and se-
vere symptoms in COVID-19 patients.

Slpsee;f)?;a/nrgptoms Diseases/Symptoms (r;rzcggl&
Diseases Diabetes mellitus 87 (23.8%)
Cardiovascular disease 12 (3.3%)
Hypertension 49 (13.4%)
Cancer 03 (0.8%)
Chronic kidney disease 11 (3%)
LCD 23 (6.3%)
Mild-Moderate Flu 129 (35.2%)
Ssymptoms SOB 81 (22.1%)
Pain 52 (14.2%)
Vomiting 09 (2.5%)
Diarrhea 04 (1.1%)
Severe symptoms ~ Pneumonia 71 (19.4%)
ARDS 26 (7.1%)
ICU admit 78 (21.3%)
ICU stay 43 (11.7%)
Mortality (Death) 35 (9.6%)
Sepsis 23 (6.3%)
Shock 12 (3.3%)

SOB = Shortness of breath.
ICU = Intensive Care Unit.

Table (3): Categorization of BMI with categorical and numer-

ical variables.
BMI Range of . Total Number
levels specific BMIs  OPtainedvalues T

Low BMI <185kg/m~ _ 14.0-185 kg/m- 08 (2.2%)
Norma  185-24.9 kg/m’ 19.0-24.9 kg/m’ 100 (27.3%)
BMI

High BMI >25.0 kg/m-  25.0-50.0 kg/m” 258 (70.50%)

BMI = Body Mass Index.
Kg = Kilograms.
m2 = Metre squared.
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BMI levels
2%

27%

71%

Low BMI
Norma BMI
High BMI

Fig. (1): Classification of BMI in the COVID-19 patients.

Association between age and comorbiditiesin
COVID-19 patients:

Asillustrated in Fig. (2), among 366 subjects
between 18 and 39 years of age, 18 patients (4.9%)
had diabetes, four patients (1.1%) had CVD, 20 indi-
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Morbidities

viduals (5.5%) had HTN, and three patients (0.8%)
were diagnosed with cancer. The morbidity of LCD
was 9 (2.5%), which is high in this age group. Of
subjects between 40-59 years of age, 29 (7.9%) pa-
tients had diabetes, CVD, 5 (1.4%), HTN was 17
(4.6%), cancer only in this age group was 3 (0.8%)
patients, and CKD was 2 (0.6%). The morbidity of
LCD was 7 (1.9%) of the patients who were already
diagnosed. Subjects over the age of 60 had diabetes
40 (10.9%), CVD 3 (0.8%), HTN 12 (3.3%), and
CKD was prevalent in patients over the age of 60,
with 6 (1.6%). The LCD morbidity was 7 (1.9%)
of the patients were already diagnosed, which was
the same present with age 40-59 years of age. The
chi-square test revealed a significant correlation be-
tween age and comorbidities, including HTN, CVD,
DM, and LCD, with ap-value <0.05.

Associ ation between gender and severity of
symptomsin COVID-19 patients:

Fig. (3) showsthat 95% of males and only 5%
of females experienced shortness of breath. An as-
sociation between gender and the ICU stay was also
seen.

18-39
40-59
60 and above

CKD LCD

Fig. (2): The association between age and comorbiditiesin COVID-19 patients.

Mild to moderate SOB
5%

95%

Statistically, Chi-sgquare showed an association
between the male and shortness of breath

Severe |ICU stay

69%

Statistically, Chi-sgquare showed an association
between the male and ICU stay

Male

Female

Fig. (3): The association between gender and severity of symptoms present in COVID-19 patients.
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The correlation between mild and moder ate
symptoms in COVID-19 patients:

The flu, vomiting, and diarrhoea were the most
prevalent among the mild and moderate symptoms
in all three age groups. Of the total participants, 129
(35.2%) developed the flu, 81 (22.1%) had SOB, 52
(14.2%) experienced pain, 9 (2.5%) had vomiting,
and 4 (1.1%) experienced diarrhoea.

Fig. (4) demonstrates the classification of these
mild and moderate symptoms. Among the group
of COVID-19 patients that developed the flu, 44
(12%) were between 18 and 39 years, 45 (12.3%)
were aged 40-59 years, and 40 (10.9%) were >-60
years. The development of SOB was low across
different age groups, where 19 cases (5.2%) were
18-39 years of age, 30 (8.2%) were 40-59 years of
age, and 32 (8.7%) were>-60 years of age. Among
patients aged 18-39, 16 (4.4%) reported pain, and in
both the 40-59 age group and the >-60 years, eight
individuals (4.9%) reported pain. Only one person
(0.3%) experienced vomiting among the 18-39
year-olds, three (0.8%) at 40-59 years of age, and
five (1.4%) at >-60 years of age. Finally, only one
person (0.3%) in the 18-39 age group, none among
those 40-59 years old, and three (0.8%) people>-60
years reported having diarrhoea. The chi-square
test revealed a significant correlation between mild
shortness of breath and people in age groups older
than 60 years, with a p-value of < 0.001.
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Association with severe symptoms in COVID-19
patients:

Asshown in Fig. (5), many COVID-19 patients
had severe symptoms, among which 71(19.4%)
developed pneumonia, 26 (7.1%) had ARDS, 78
(21.3%) were admitted to the ICU, 43 (11.7%)
stayed in the ICU, 35 (9.6%) died, 23 (6.6%) had
sepsis, and 12 (3.3%) experienced shock. About
23 (6.3%) patients presented with pneumonia were
18-39 years and 40-59 years of age with severe
symptoms of COVID-19 patients, and 25 (6.8%)
were present 60 years and above ages. Moreover, 10
(2.7%) had ARDS at 18-39 years of age, 9 (2.5%)
at 40-59 years of age, and 7 (1.9%) at 60 years and
above age. Also, 24 (6.6%) of 18-39-year-old pa-
tients were admitted to the ICU, 32 (6.7%) were
40-59 years of age, and 22 (6%) were>-60 years of
age. Around 3.8% (n=14) of COVID-19 patients be-
tween 18 and 39 years of age stayed in the ICU, 17
(4.6%) were 40-59 years, and 12 (3.3%) were>-60
years of age. The mortality rate was highest among
the 40-59 years of age, where 14 (3.8%) patients
died, and 13 patients (3.6%) died among the 18-39
years. There were 8 (2.2%) deaths in the>-60 years
category. The chi-sguare test revealed a significant
correlation between severe ICU stays, severe sepsis
shock, and people in age groups between 40 and 59
yearsold, with ap-value< 0.001.

B 18-39 years

40-59 years

60 and above

Flu SOB Pain

Vomitin Diarrhoea

Mild-Moderate symptoms
Fig. (4): Mild and moderate symptoms present in COVD-19 patients.

[ Pnemonia

ARDS

ICU admit

Frequencies

18-39 Years

40-59 Years
Severe symptoms

ICU stay
[l Desath

Sepsis
\I Shock

60 and above years

Fig. (5): Severe symptoms present in COVID-19 patients.
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Discussion

In this study, we examined the association
between BMI classification and the severity of
COVID-19 among patients in Saudi Arabiathis
cross-sectional analysis aimed to determine a po-
tential relationship between the two variables. A
significant association was seen (p=0.04) between
BMI categories and admission to the intensive care
unit (ICU), indicating that those with higher BMI
are more likely to experience severe COVID-19
outcomes than those with low and norma BMI.

This study divided BMI into three categories: (i)
low BMI, (ii) normal BMI, and (iii) high BMI; how-
ever, prior studies classified them into three groups:
normal, overweight, and obese (class 1111). Based on
the results of their study, patients with BMI above
the average BMI (29kg/m ) were at a higher risk
of hospitalization compared to other patients below
the average BMI [17]. Second, 88% of ICU patients
reported worse COVID-]9 symptomsiif their BMI
was higher than 25kg/m™. The mgjority of patients
hospitalized to the intensive care unit were over-
weight or obese, which is seen as a serious COV -
ID-19 consequence.

Third, participant characteristics showed that the
majority of severe ICU patients (69%) were males
and had mild to moderate dyspnea, with 58.5% of
patients being COVID-19, ARDS, death, sepsis,
shock, and ICU outcomes. In this study, almost one-
third of patients belonged to all three groups, but the
magjority were from 40-59 years of age, with 35.1%
of the prevalence. Many countries have reported
that a BMI of 30kg/m predisposes patients to se-
vere COVID-19 outcomes. Patients with a BMI of
30 to 34.9kg/m had a much higher risk of respira-
tory failure and |CU adission. In contrast, patients
with aBMI of 35kg/m™ had a much higher risk of
death [17].

A study confirmed that combating COVID-19
by addressing obesity requires a multisystem ap-
proach, including RAAS suppression, weight |oss,
vitamin D supplementation, management of OSA,
and avoidance of sarcopenia/frailty [18] . Other glob-
al studies have confirmed the relationship between
BMI/obesity, COVID-19 and hospitalization with
mild-severe symptoms [19-24]. Meta-analysis stud-
ies have also confirmed that obese patients with
COVID-19 have a higher chance of being hospi-
talized, admitted to the ICU, needing intravenous
nutritional support, and mortality. Moreover, severe
COVID-19 results appear to be correlated to high
visceral obesity [25].

In consistency with previous reports, [26,27] our
study showed a significant association between
higher BMI, longer hospitalization time, more se-
vere cases of COVID-19, and worse outcomes (pri-
marily the greater likelihood for ICU admission).
A strong association between gender and severity
of COVID-19 was also seen, with the majority of

severe patients being males (69%). The study con-
ducted by Tartof et a. [28) demonstrated that men
and younger patients with a high BMI appeared to
be most at risk. Male COVID-19 petients are at a
higher risk of developing significant adverse out-
comes from the SARS-CoV-2 infection than female
patients [29]. It has been hypothesized that the way
fat is distributed in women explains why obesity
may not be considered arisk factor in female pa-
tients [2g].

Moreover, our findings suggest a significant
association between high BMI and the severity of
COVID-19. However, Mayer et d. [30] found no
association between obesity and COVID-19. This
finding may be explained due to the small propor-
tion (21.7%) of obese personsin their sample. Al-
though our study has afew limitations, it isthe first
to assess the relationship between obesity and the
severity of COVID-19 symptomsin Saudi Arabia.
Among the limitations, the first is that the propor-
tion of women in the sample (41%) was higher than
that of men (59%). Secondly, the sample was lim-
ited to only one hospital, so the results can not be
generalized to the Riyadh region. Thirdly, specific
confounders such as smoking, exercise, and nuitri-
tional supplements and their impact on health-relat-
ed outcomes were missing. Additionally, vital data
such as respiratory rate and blood oxygen saturation
were missing. Lastly, the study utilizes a cross-sec-
tional design, which precludes causal inferences.

Conclusions:

COVID-19 has presented a unique challenge
to medical professionals, exacerbating the world's
medical resource shortage. COVID-19 and obesity
were linked to severe outcomes for ICU patients.
According to our findings, both high BMI and the
number of ICU admissions are associated with a
high prevalence of COVID-19 cases. A high BMI
also increases the likelihood of death in patients.
Furthermore, COVID-19 had a more significant im-
pact on men. COVID-19, ARDS, mortality, sepsis,
shock, and ICU hospitalization were also linked to
age groups above 40 years. For better health out-
comes, clinicians must pay close attention to obese
patients. Educational courses and programs should
be developed to raise awareness and explain the ad-
verse effects of obesity particularly related to COV-
ID-109.
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