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Introduction

Coronavirus Disease 2019 (COVID-19), an infectious disease
caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has developed into one of the century's worst
pandemics. On March 11, 2020, the World Health Organization
(WHO) confirmed COVID-19 as a pandemic [1]. COVID-19
had infected over 5.5 million people worldwide as of May 26,
2020, resulting in more than 347,000 fatalities [2]. COVID-19's
COVID-19’s clinical consequences range from asymptomatic
to fatal, with various degrees of pneumonia [3]. Obesity is
described as an abnormal build-up of body fat. It is commonly
quantified by the body mass index (BMI), which is computed as
body weight in kilograms divided by height in meters squared
(m2) [4]. Additional anthropometric indicators, such as waist
circumference and waist-hip ratio, are used to determine Obesity.
Globally, the number of obese people is increasing. Adiposity has
been linked to unfavorable health outcomes, such as coronary
artery disease, stroke, insulin resistance, hypertension, and fatty
liver disease [5]. Not only does fat accumulation contribute
to mechanical-related health concerns, but the vast adipose
tissue also secretes numerous adipokines that contribute to the
inflammatory process [6].

Nevertheless, obesity impairs the immune system, particularly
in vulnerable individuals with numerous comorbidities [7]. Obese
individuals may be more susceptible to infection with SARS-CoV-2
[8]. COVID-19 has a pathogenesis characterized by an impaired
immune response that results in injury to various organs, most
notably the lower airways [9]. Obesity may be associated with
worse outcomes and severity of COVID-19 due to the identical
etiology. To our knowledge, there is a lack of evidence on the
association between obesity and the severity of SARS-CoV-2
infection. With this context, this study was planned to assess the
association between anthropometric parameters and the severity
of SARS-CoV-2 infection. The study aimed to evaluate the
association between anthropometric parameters, comorbidities
present, and the severity of SARS-CoV-2 2 infection.

Materials and method:

Research design: This hospital based analytical cross-sectional
study was undertaken on COVID-positive patients admitted to
COVID-dedicated wards at B J Medical College and Hospital, a
tertiary care center in pune during September and November
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2021. At the B.J. Government Medical College, a dedicated
COVID-19 building is available for patients diagnosed with
COVID-19. There are 4(A&B), 5(A&B), 7(A&B), 8(A&B), and
9(&B) wards for COVID-19-positive patients, and wards 4C,
5C, 7€, 8C, and 9C for intensive care unit (ICU) patients having
multiple complications. Wards 27 and 13 are reserved for
suspected patients. We collected data from patients admitted to
COVID 7B and 8B wards who met the study’s inclusion criteria
and consented to participate.

A total of 185 COVID-19-positive patients were interviewed

during the study period. Patients were included if they were aged
15 years or older, admitted to 7B and 8B wards in the COVID-19
building, had confirmed SARS CoV-2 infection by detecting
SARS-CoV-2 RNA in nasopharyngeal or throat swab specimens
via real-time RT-PCR amplification and willing to consent to the
study. Patients were anthropometrically measured with utmost
care, not causing any discomfort to them. Patients with confirmed
SARS-CoV-2 infection who refused to consent, patients aged less
than 15 years, pregnant females, and patients who could not
provide anthropometric measurements were excluded.
Sample size: The sample size was determined using the
combined prevalence of abdominal Obesity (18.7) and overweight
(11.3) in Maharashtra state as determined by the ICMR-INDIAB
Phase | study. Together, they account for 30 % of the population
[9]. 95% confidence level on both sides, 80% power, a ratio of
controls to cases of 2; a hypothetical proportion of controls with
exposure of 30, a hypothetical proportion of cases with exposure
of 51.72, the least extreme odds ratio to be detected is 2.50,
thus, cases-59 and controls-117 were calculated. The sample size
was calculated as 176.

Data Collection: The data were collected by following the
COVID-19 appropriate behavior. The complete personal protective
equipment was worn at the time of data collection. The data were
collected using a convenient sampling method from 185 COVID-
19-positive patients with inclusion criteria admitted in 7B and
8B wards in the COVID-19 building. Oral consent was taken due
to the high risk of spread of infection, and the case report form
was filled out by history taking and collecting all information by
pre-tested proforma, which included a predesigned and semi-
structured questionnaire. At the time of admission, baseline
demographic information like name, age, gender, address,
religion, education, socioeconomic status, occupation, and
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risk exposures like contact with a known COVID-19 case and
COVID-19 vaccination status was recorded. Personal history of
currently taking any medication, presence of comorbidities like
hypertension, diabetes mellitus, chronic renal disease, chronic
lung disease, any malignancy, chronic liver disease, and immune-
compromised condition were collected. Body weight, height,
waist circumference, and hip circumference were recorded
according to standard operating procedures on the admission
day. The severity of SARS-CoV-2 infection diagnosed by the
physician was noted, and the waist-to-hip ratio was calculated.
All the equipment used was appropriately sanitized after each
use to avoid further spread of infection. Outcome data related
to severity and outcome were collected at the time of discharge.

Operational definitions used in the study: Body mass index
categorized into four groups: <18.5 kg/m2 (underweight), 18.5—
24.9 kg/ m2 (average weight), 25.0-29.9 kg/ m2 (overweight),
and >25.0 kg/ m2 (obese), following Asia-Pacific cutoff for
underweight, overweight and Obesity [10]. The optimal waist
circumference (W.C.) cutoff levels were 85 cm in males and 80
cm in females. The optimal waist-hip ratio (WHR) cutoff values
are (0.90) for Asian men and (0.79-0.85) for Asian women
[11,12].

Severity status: Participants’ severity of SARS-CoV-2 infection
was scored using an ordinal scale developed by a unique World
Health Organization (WHO) committee as SARS-CoV-2 infection”
“mild disease” with scores of three (no oxygen therapy) or four
(oxygen by mask or nasal prongs), and “severe disease” for
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patients with scores of five (non-invasive ventilation or high-flow
oxygen), six (intubation and mechanical ventilation), or seven
(ventilation plus additional organ support)[13].

Statistical Analysis: The data was entered in Microsoft Excel
2007 and analyzed using SPSS-v.16. All the continuous variables
were summarized using mean and S.D., while the categorical
variables were summarized as percentages and proportions.
To show the association between anthropometric parameters
and COVID-19 severity, an odds ratio with 95% Cl was
calculated. The logistic regression models were designed with
dependent variables such as COVID-19 disease severity. These
outcomes were predicted based on various factors, including an
individual's gender, age, level of education, place of residence,
socioeconomic status, Obesity, waist circumference, waist-to-
hip ratio, and whether or not they had received the COVID-19
vaccination. These factors were used as variables in the model to
help predict the outcome, i.e., COVID-19 severity. Fisher's exact
test was applied to show the significant difference between the
two categorical variables. P-value <0.05 was considered to be
statistically significant.

Ethical consideration:
Approval from the Institutional Ethics Committee was
obtained prior to the start of the study (N0.0721243-243).

Results:

The study enrolled 185 patients diagnosed with COVID-19
between September 21 and November 21 (Figure 1), with
128 (69.19%) patients having mild COVID-19 disease and 57
(30.81%) patients having severe COVID-19 disease.

228 patients with covid
19 were admitted during
sept 21 to Nov 21

n=21 excluded, as they
have not given consent

96 patients with
covid 19 were obese

51 patients with covid
19 were overweight

n=22 excluded, as anthropometric
measurement not possible

Total 185 covid 19 patients were

enrolled for study

36 patients with covid
19 had normal weight

2 patients with covid 19
were underweight

QOutcome:
Mild covid: n=128 (69.19%)
severe covid 19: n=57 (30.81%)

Figure 1: Study participants and their outcome
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Out of the 185 study participants, 90 (48.6%) were males,
while 95 (51.3%) were females. The mean age of patients with
mild COVID-19 disease is 41 + 20.5 years, and of patients
with severe COVID-19 disease is 50 + 25 years. In this study,
118 (63.7%) patients were urban residents, 109 (59%) were
graduates, and 42 (26%) were classified as upper middle class. A
maximum of 77 (41.6%) had received a single dose of COVID-19
vaccine, whereas 66 (35.6%) had not received a single dose.
Males were disproportionately affected by severe COVID-19,
comprising 68.42% of severe cases compared to 39.84% in the
mild group, a statistically significant difference with a P-value of
0.0003. Similarly, there is a statistically significant association
between age group and the severity of COVID-19. The observed

Table 1. Basic characteristics of patients with mild and severe COVID-19
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distributions of Mild and Severe COVID-19 cases across the
age groups are different than expected under independence.
Education level significantly influences the severity of COVID-19,
with specific educational backgrounds showing varied risks. On
the other hand, factors like place of residence and socioeconomic
status did not show a statistically significant impact on the
severity of the disease, with P-values of 0.22 and 0.20,
respectively. Interestingly, while a more significant proportion of
individuals in the severe COVID-19 group had received their first
vaccine dose compared to the mild group, the difference is not
statistically significant, with a P-value of 0.14. Only 36 (19.4%)
of patients reported recent contact with SARS-CoV-2-positive
individuals (see Table 1).

Mild COVID 19 Severe COVID 19
P-value
Characteristics (n=128) (n=57)
No. % No. %
Gender
Male 51 39.84 39 68.42 0.0003*
Female 77 60.16 18 31.58
Age in years
15-35 58 45.31 6 10.53 0.0001*
36 - 45 24 18.75 14 24.56
46 - 55 14 10.94 17 29.82
56 - 65 18 14.06 17 29.82
66 and above 14 10.94 3 5.26
Residence
Rural 50 39.06 17 29.82 0.22*
Urban 78 60.94 40 70.18
Education
llliterate 12 9.38 3 5.26 0.0001*
Middle school 9 7.03 6 10.53
Higher School 18 14.06 14 24.56
Graduation to Post-gradu- 89 69.53 34 59.65
ation
Socio economic status
Upper 14 10.94 6 10.53 0.20%
Upper middle 32 25.00 10 17.54
Lower middle 38 29.69 10 17.54
Upper lower 14 10.94 18 31.58
Lower 30 23.44 13 22.81
COVID vaccination status
1t dose 47 36.72 30 52.63 0.14*
2" dose 31 24.22 11 19.30
Not vaccinated 50 39.06 16 28.07
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In the present study, 36 (19.4%) patients with mild COVID-19
had an average BMI between 18.5- 24.9, 51 (27.5%) patients
were overweight with a BMI between 25.0-29.9, and 96 (51.8%)
patients were obese with a BMI greater than 25. (See Table 2).
Out of 128 patients diagnosed with mild COVID-19, thirty-six
patients (28.13%) had average weight, 48 patients (37.50%)
were overweight, and 42 patients (32.81%) were obese.
Among 57 patients with severe COVID-19, three (5.26%) were
overweight, whereas 54 (94.74%) were obese. It is observed
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that the severity of COVID-19 disease was associated with body
mass index in this study. Thirty (52.63%) of the 39 male patients
with severe COVID-19 disease had a waist circumference greater
than 85 cm and a waist-hip ratio greater than 0.9. Similarly, 12
(66.6%) of 18 female patients with severe infection had a waist
circumference greater than 80 cm and a waist-hip ratio greater
than 0.85. The study findings suggest an association between
the severity of COVID-19 infection and waist circumference as
well as waist-hip ratio, as seen in Table 2.

Table 2. Anthropometric parameters of patients with mild and severe COVID-19

Mild COVID-19 Severe COVID-19
Anthropometric parameters (n=128) (n=57) 0dds Ratio 95% Cl P-value
No. % No. %
Body Mass Index
Underweight? (n=2) ) 156 0 0 NA
Normal weight? (n=37) 36 28.13 1 1.75 1 -
Overweight* (n=51) 43 37.5 2 3.51 1.5 0.13-17.1 <0.05
Obesity* (n=96) 42 32.81 54 94.74 46 6.09 — 351 <0.001
Waist Circumference
Males
<85cm 46 35.94 9 15.79 1
> 85 cm 5 3.91 30 52.63 28.9 9.36— 100 <0.001
Females
<80 cm 72 56.3 6 10.53 1
>80 cm 5 3.9 12 21.05 28.8 7.5-109.4 <0.001
Waist/Hip ratio
Males
<0.90 cm 46 35.94 9 15.79 1
>0.90 cm 5 3.91 30 52.63 30.9 9.36-100.4 <0.001
Females
<0.85cm 72 56.3 6 10.53 1
> 0.85cm 5 3.9 12 21.05 28.8 7.5-109.4 <0.001

# Body mass index categorized according to Asia-Pacific cut-off for underweight, normal, overweight and obesity [10]

Table 3 describes the comparison of mean Body Mass Index
(BMI) and waist circumference between patients with mild and
severe COVID-19. The comparisons are made based on statistical
analysis (t-tests), and the p-values are reported to indicate the
significance level of the differences observed.

1. Body Mass Index (BMI): Patients with severe COVID-19 had
a significantly higher mean BMI (32.59 kg/m~2) compared

Vol.9+ No.2¢ June 2023

to those with mild COVID-19 (27.45 kg/mA2). The p-value is
0.0025, which is less than the typical cutoff 0.05, indicating
that the difference is statistically significant. This suggests that
a higher BMI may be associated with a more severe form of
COVID-19.

2. Male Waist Circumference: Among males, those with severe
COVID-19 had a significantly larger mean waist circumference

WWW.Cajms.mn 7
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(88.9 cm) compared to those with mild COVID-19 (79.1 cm). The
p-value is 0.04, which is also less than 0.05, indicating that this
difference is statistically significant.

3. Female Waist Circumference: Among females, those with severe
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COVID-19 had a significantly larger mean waist circumference
(84.2 cm) compared to those with mild COVID-19 (71.3 cm). The
p-value is 0.026, which is also less than 0.05, indicating that this
difference is statistically significant.

Table 3. Comparison of BMI and waist circumference between the mild and severe COVID-19 cases

Variables Mild COVID-19 Severe COVID-19
(n=128) (n=57) P-value (t-test)
Mean = SD. Mean = SD.
Mean BMI (Kg/m2) 27.45 +10.2 3259+ 113 0.0025
Male Mean Waist circumference (cm) 791213 88.9+22.4 0.04
Female Mean Waist circumference (cm) 71.3+22.7 84.2 +22.1 0.026

Table 4 shows the distribution of COVID-19 patients according to
severity and comorbidities. In terms of comorbidities, 20 (10.8%)
patients had previously been diagnosed with hypertension, and
22 (11.8%) patients had both hypertension and diabetes. Severe
COVID-19 disease was found in a more significant proportion

of patients with hypertension and diabetes than mild COVID-19
disease. Only one male patient had chronic renal failure and was
classified as having a severe case of COVID-19. The presence
of hypertension and diabetes mellitus showed a statistically
significant association with the severity of COVID-19 (P-value <
0.05).

Table 4. Distribution of COVID-19 patients as per severity and co-morbidities present

Co-morbidities * Mild COVID-19 (n = 128) Severe COVID-19 (n = 57) P-Value#
No. % No. %

Hypertension 7 5.5% 13 22.8% 0.001

Diabetes mellitus 4 3.1% 18 31.6% 0.001

Chronic renal disease 0 0.0% 1 1.8% 0.06

* Presence of co-morbidities is not mutually exclusive, # Fisher exact test was used to calculate P-value

Discussion

Of 185 study participants, 69.19% of patients had mild
COVID-19 disease, and 30.81% had severe COVID-19 disease.
Most patients were in their middle age. Amongst the study
participants, a quarter of the patients had severe COVID-19
diseases, and more than half of the patients had mild COVID-19
diseases. Even after accounting for age, sex, diabetes, and
hypertension, a higher BMI (obesity) was significantly associated
with severe pneumonia. According to the current investigation,
higher BMI levels were found to be associated with an
increased severity of COVID-19 disease. Additionally, COVID-19
patients who were obese (BMI > 25 kg/m2) had a higher risk
of developing severe pneumonia than COVID-19 patients who
had a BMI in the normal range. Our investigation established
the dosage response association between increased BMI and
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severity of COVID-19 with a focus on severe pneumonia, much
like a prior study [14]. Pathogenesis, such as immunological
dysregulation, comorbidities, and a compromised respiratory
system, has been linked to severe COVID-19 and Obesity [15].
Increased inflammation and a compromised host immune
response are associated with adiposity. Interleukin (IL)-1, IL-6,
IL-8, IL-10, tumor necrosis factor-, C-reactive protein, and resin
can be secreted by macrophages when fat cells, particularly
visceral adipocytes, are present. During the COVID-19 pandemic,
the overproduction of these pro-inflammatory cytokines, known
as a cytokine storm, also contributes to multiorgan failure and
lung injury [16, 17]. It is possible that persistent inflammation
in obese individuals is linked to more severe inflammation and
contributes to worsened COVID-19 outcomes. Conversely, obese
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people have less ability to produce an immune response against
microorganisms. Therefore, SARS-CoV-2 and other microbial
contaminants may spread and increase more quickly in this
population. The presence of hypertension and diabetes mellitus
showed a statistically significant association with the severity of
COVID-19in the current study. Some studies suggest that patients
may be more likely to develop severe COVID-19 if they have
underlying medical conditions (such as extreme heart conditions,
diabetes, chronic kidney disease, etc.) [18, 19]. Development
of diabetes mellitus, hypertension, and cardiovascular disease
are all increased by obesity [20]. In conclusion, the present
study supports the hypothesis that anthropometric parameters,
particularly Obesity, play a significant role in determining the
severity of COVID-19 outcomes. Ruan et al. (2022) [21] showed
that anthropometric parameters could predict disease severity
in COVID-19 patients, while Sanchis-Gomar et al. (2021) [22]
emphasized the detrimental impact of obesity on COVID-19
outcomes due to the collision of two epidemics. Petersen et al.
(2021) [23] conducted a systematic review and meta-analysis,
highlighting the influence of body mass index (BMI) on COVID-19
severity. Hajifathalian et al. (2020) [24] found that obesity was
associated with worse outcomes in COVID-19, based on data
from New York City. Finally, Korakas et al. (2020) [25] suggested
that the immune and metabolic derangements in Obesity might
be the link to adverse clinical outcomes in COVID-19. These
studies collectively emphasize the importance of considering
anthropometric parameters as significant factors in COVID-19
severity and the need for further research in this area.

Future Direction: Given the strong association observed in this
study between Obesity and severe COVID-19, future research
should continue to explore the underlying mechanisms of this
relationship. The role of obesity-related comorbidities such as
metabolic syndrome, cardiovascular disease, and diabetes and
their potential impact on disease severity should be further
investigated. Research could also delve into how obesity may
affect the immune response to SARS-CoV-2 and whether specific
interventions targeted at weight reduction could prove beneficial
in mitigating the risk and severity of COVID-19 in obese
individuals. Additionally, understanding the role of inflammation
in obese individuals, who often present a chronic low-grade
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inflammatory state, may shed light on the mechanisms that
lead to severe COVID-19 manifestations in these patients.
Furthermore, it would be beneficial to understand how Obesity
impacts the efficacy of COVID-19 treatments and vaccines. There
is a need for studies that specifically examine the therapeutic
response and vaccine-induced immunity in the obese population.

Additionally, it would be essential to consider social and
behavioral aspects that intersect with obesity and COVID-19.
Research could assess the impact of socioeconomic status, access
to healthcare, diet, physical activity, and other lifestyle factors
that contribute to obesity and influence COVID-19 outcomes.
These insights could guide public health strategies for managing
the pandemic and reducing health disparities.

Strengths of the study: The study is conducted in a tertiary
health care setting, and patients from almost all sections of the
population are included in the study, thus contributing to a fair
representative sample. All the anthropometric measurements
were recorded employing standard techniques to ensure accurate
results.

Limitation: Although the research did not include the
treatment plans, it was assumed that all patients received the
recommended and standard care. Due to the patients' restricted
access during hospitalization and avoiding the risk of spreading
infection, we could not examine the body composition of the
study participants.

Conclusion

Obesity in patients with COVID-19 is associated with the severity
of disease, particularly severe pneumonia. Patients having
underlying medical illnesses (e.g., major heart diseases, diabetes,
chronickidney disease, etc.) are at higher risk of severe COVID-19.
Further studies in body composition are warranted to explore the
links between adiposity and the severity of COVID-19.
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