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Abstract: Background and aims: It is reported that patients with obesity are more frequently hospital-
ized for COVID-19, and evidence exists that obesity is a risk factor, regardless of other comorbidities.
The objective of this study was to evaluate the association of obesity with changes in laboratory
biomarkers in hospitalized Chilean patients. Materials and methods: A total of 202 hospitalized
patients (71 with obesity and 131 without obesity) with a diagnosis of COVID-19 were included
in the study. Demographic, clinical, and laboratory (days 1, 3, 7, 15) data were obtained. We per-
formed a statistical analysis, assuming significance with a value of p < 0.05. Results: Significant
differences in chronic respiratory pathology are observed between patients with and without obesity.
The inflammatory markers CPR, ferritin, NLR, and PLR are elevated during the evaluated period,
while changes in leukocyte populations are present on day 1 (eosinophils) and day 3 (lymphocytes).
Finally, a persistent elevation of D-dimer level is observed, presenting significant differences on day 7
between patients with and without obesity. Obesity had a positive correlation with admission to the
critical patient unit, invasive mechanical ventilation, and length of hospital stay. Conclusion: Patients
with obesity hospitalized for COVID-19 present marked elevations of inflammatory and hemostasis
parameters, with a correlation between obesity, changes in laboratory biomarkers, and the risk of
adverse clinical outcomes also observed.

Keywords: COVID-19; SARS-CoV-2; obesity; laboratory markers

1. Introduction

The COVID-19 pandemic has been a hazard to global public health since March 2020,
when the International Virus Classification Commission titled the novel betacoronavirus-
induced pneumonia coronavirus disease 2019 (COVID-19), a severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) [1]. As of January 2023, 670.191.206 laboratory
confirmed human cases of COVID-19 have been notified to the WHO, with 6.823.120
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deaths, meaning that the disease spectrum and transmission efficiency of this virus differs
from those of SARS-CoV [2–5]. The virus spread aggressively and quickly, infecting mil-
lions of people worldwide, and generating high mortality and morbidity [6]. In diseased
patients, SARS-CoV-2 mostly infects the type II pneumocytes in lungs, but also infects
proximal tubule epithelial cells in the kidney in severe cases; such cells express its receptor
angiotensin-converting enzyme 2 (ACE2), facilitating viral entry [7–9]. Infection leads to
the downregulation of ACE2, which impacts the function of angiotensin II (Ang II) and
renin–angiotensin system (RAS) in a variety of tissues, including lung, heart, vasculature,
and kidney, and may enable the progression of COVID-19 from mild and moderate to more
severe disease [6]. Among the more severe cases of COVID-19 requiring hospitalization,
alterations such as lymphocytopenia, along with shortness of breath that may advance
to acute respiratory distress syndrome (ARDS) requiring mechanical ventilation, are fre-
quently observed [10–12]. Studies concentrating on the clinical features of infection show
that patients with underlying comorbidities are more likely to progress to severe respiratory
disease and even death. Among these, aging, arterial hypertension, diabetes, and obesity
(body mass index (BMI) > 30 kg/m2) seem to confer the highest risk for the development
of severe cases [6], although the majority of individuals eventually recover from infection,
even those needing long hospitalization [10,12,13]. In particular, patients with obesity are
at augmented risk of exacerbations from viral respiratory infections, leading to mechanical
ventilation and potential non-survival [14]. This has important implications on global
health as excess weight, usually represented by a raised BMI, affects vast numbers of
people worldwide: 39% of adults are overweight (BMI ≥ 25.0 to 29.9 kg/m2) and 13%
have clinical obesity (BMI ≥ 30.0 kg/m2) globally [15]. This is due to the decrease in
total respiratory system compliance associated with obesity conditions, but also because
in adipose tissue, the expression of ACE2 is higher than in lung tissue, the main target
tissue affected by COVID-19 and other viruses like influenza [14,16,17]. Another relevant
factor is that the obesity condition is associated with an excess of adipose tissue, which can
gradually cause and/or aggravate a diversity of comorbidities, as well as hypertension,
type 2 diabetes mellitus, dyslipidemia, and cardiovascular diseases [18]. Moreover, the
obese state is linked with either increased or decreased total lymphocytes in the peripheral
blood [18,19]. In this context, it is important to note that obesity is characterized by adipose
tissue renovation, and pro-inflammatory alteration of the adipokine profile [20]. During
pandemics, individuals with obesity are classified as clinically vulnerable groups, especially
those with severe obesity (BMI > 40 kg/m2) [21]. For this reason, the objective of the study
was to evaluate the association of obesity with changes in laboratory biomarkers in Chilean
patients hospitalized for COVID-19.

2. Materials and Methods
2.1. Study Design and Participants

Through a retrospective study, a total of 202 hospitalized patients (>18 years old) of
whom 71 had obesity (BMI ≥ 30 kg/m2) and 131 did not present obesity, with a diagnosis of
COVID-19, and who were treated at the Hospital Dr. Hernán Henríquez Aravena, Temuco,
Chile, were included. Exclusion criteria considered children under 18 years of age, pregnant
women, and low-weight patients. All the patients were diagnosed according to established
criteria (WHO interim guidance) by a reverse transcriptase real-time polymerase chain
reaction (RT-PCR) assay of nasal and pharyngeal swab specimens, between March 2020
and April 2021. The severity of COVID-19 was defined according to the WHO Clinical
Progression Scale [22] in moderate disease and severe disease.

The study was approved by the Scientific Ethics Committee of the Araucanía Sur
Health Service (No. 144/2020) and was carried out in accordance with the ethical require-
ments established in the Declaration of Helsinki.
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2.2. Data Collection

For the group of subjects included in the study, epidemiological, demographic, and
clinical data were obtained from the medical history of each patient. Demographic vari-
ables, signs, and symptoms were recorded. In addition, laboratory biomarker results were
obtained from the laboratory information system (LIS), at days 1, 3, 7, and 15 of hospitaliza-
tion. All the samples for day 1 were collected within the first 24 h of hospital admission.
The results were obtained by complete and differential blood count of leukocyte popula-
tion through hematology analyzer MINDRAY CAL 6000 (Mindray, China), obtaining the
neutrophil–lymphocyte ratio (NLR) and platelet–lymphocyte ratio (PLR). Hemostasis tests
(prothrombin time, activated partial thromboplastin time, and D-dimer were performed by
clotting time (PT and APTT) and immunoturbidimetric (D-dimer) assays, using a STA® R
Max coagulation analyzer (Stago, Asnières sur Seine, France). Measurements of inflamma-
tory biomarkers were performed using the cobas 8000 series modular analyzer (Roche Di-
agnostics), by immunoturbidimetric assay (PCR) and electrochemiluminescence (ferritin).

2.3. Statistical Analysis

Chi-square was used to determine significant differences (p < 0.05) between the popu-
lation with and without obesity that presented some comorbidity or clinical manifestation,
whilst Student’s t-test was used to evaluate differences (p < 0.05) over time (day 1, 3, 7, and
15) of the variations of laboratory biomarkers. The relationship between obesity and labo-
ratory parameters was evaluated over time (day 1, 3, 7, and 15) using Pearson’s correlation,
and categorical principal component analysis (CATPCA) was used to determine a pattern
over time (day 1, 3, 7, and 15) of the patients with obesity with respect to the evaluated
laboratory parameters. Statistical analyses were performed in the IBM SPSS Statistics for
Windows program (Version 26.0. IBM Corp., Armonk, NY, USA).

3. Results
3.1. Comorbidities and Clinical Manifestations of Chilean Patients with Obesity Hospitalized
with COVID-19

A comparison was made between the population with or without obesity in terms
of comorbidities and clinical manifestations (Table 1). On evaluating comorbidities, there
is a significant difference for chronic respiratory pathologies, where a greater number of
patients with obesity present chronic respiratory disease (8.4% of patients), compared to
4.5% of patients without obesity (p = 0.001).

In clinical manifestations, patients without obesity represent a segment with a greater
number of cases reported for coughing (37.1%, p = 0.041) and dyspnea (37.1%, p = 0.002),
whereas for clinical manifestations such as anosmia and dysgeusia there is a greater predom-
inance in patients with obesity (3.5%, p = 0.042 for both cases). In addition, no significant
differences were observed regarding symptoms before hospitalization between the groups
(5.43 + 3.8 days in patients with obesity vs. 4.73 + 5.1 days in patients without obesity
(p = 0.162).

Table 1. Demographic and clinical data of Chilean patients hospitalized with COVID-19.

Total With Obesity Without Obesity
n = 202 (%) n (%) n (%) p-Value

Demographics
Male 95 (47.0) 28 (13.9) 67 (33.2) 0.111
Female 107 (53.0) 43 (21.3) 64 (31.7)
Age 60.8 ± 14.8 58.9 ± 1.6 61.8 ± 1.3 0.483

Comorbidity
Arterial hypertension 116 (57.4) 45 (22.3) 71 (35.1) 0.208
Mellitus diabetes 2 (DM2) 70 (34.7) 27 (13.4) 43 (21.3) 0.458
Cardiovascular disease 118 (58.4) 45 (22.3) 73 (36.1) 0.292
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Table 1. Cont.

Total With Obesity Without Obesity
n = 202 (%) n (%) n (%) p-Value

Chronic respiratory pathology 26 (12.9) 17 (8.4) 9 (4.5) 0.001 *
Chronic kidney disease 22 (10.9) 10 (5.0) 12 (5.9) 0.283
Chronic liver disease 8 4.0 2 (1.0) 6 (3.0) 0.540

Clinical manifestations
Fever 115 (56.9) 45 (22.3) 70 (34.7) 0.173
Odynophagia 33 (16.3) 16 (7.9) 17 (8.4) 0.079
Gastrointestinal symptoms 43 (21.3) 15 (7.4) 28 (13.9) 0.967
Cough 126 (62.4) 51 (25.2) 75 (37.1) 0.041 *
Headache 53 (26.2) 21 (10.4) 32 (15.8) 0.427
Dyspnea 131 (64.9) 56 (27.7) 75 (37.1) 0.002 *
Myalgia 68 (33.7) 23 (11.4) 45 (22.3) 0.779
Fatigue 36 (17.8) 12 (5.9) 24 (11.9) 0.801
Anosmia 11 (5.4) 7 (3.5) 4 (2.0) 0.042 *
Dysgeusia 11 (5.4) 7 (3.5) 4 (2.0) 0.042 *

(*) in bold represents significant differences (p < 0.05) using chi-square test between the population with obesity
and without obesity.

3.2. Dynamic Variations of Laboratory Biomarkers in Chilean Patients with COVID-19

The existence of dynamic changes of the laboratory parameters between patients with
and without obesity was determined (Table 2). When evaluating hematological parameters,
an elevation of NLR and PLR was observed in patients hospitalized for moderate and severe
COVID-19, with no significant differences between the groups. In addition, eosinopenia in
the first 7 days of hospitalization was observed in all patients, regardless of whether they
had or not obesity. At day 3, patients with obesity presented a higher lymphocyte count
than those without this condition (1.2 and 1.0 respectively).

Regarding inflammation biomarkers, a significant increase in CRP and ferritin during
the first 15 days of hospitalization was observed in all patients included in the study. On
day 7, the patients without obesity had significantly higher levels of CRP than patients with
obesity (61.1 and 51.7 mg/L, respectively). On the other hand, no significant differences
were observed in PT and APTT between the groups; however, a sustained elevation of
D-dimer was evidenced. On day 7, patients with obesity had higher D-dimer values
(7.7 µg/mL) than those without obesity (2.3 µg/mL).

Figure 1 shows the dynamics of the patterns of the laboratory parameters. In relation
to day 1, it is observed that patients with obesity are distributed in quadrants II and
IV. Quadrant II presents a direct association in dimension 1 with the WBC (r = 0.675),
neutrophils (r = 0.774), and NLR (r = 0.859), whereas quadrant IV is linked to dimension 2
with prothrombin (r = 0.057) and lymphocytes (r = 0.503). As for day 3, patients with obesity
are distributed in quadrant I, with the main direct association being the WBC (r = 0.675,
dim 1), neutrophils (r = 0.774, dim 1), and MCH (r = 0.286, dim 2) parameters. In quadrant
II, hematocrit (r = 0.553, dim 2) and lymphocytes (r = 0.503, dim 2) are directly associated,
and NLR (r = 0.859, dim 1) and PLR (r = 0.627, dim 1) are directly associated with quadrant
III. In addition, regarding day 7, patients with obesity show the following distributions: in
quadrant I, a direct association with WBC (r = 0.674, dim 2) and neutrophils (r = 0.718, dim
1); in quadrant II, a direct association with RBC (r = 0.519, dim 2), hematocrit (r = 0.493,
dim 2); and PLT (r = 0.348, dim 2); and in quadrant III, a direct association with PLR
(r = 0.370, dim 1). Finally, day 15 shows that patients with obesity show a direct association
with lymphocytes (r = 0.597, dim 2), RBC (r = 0.466, dim 1), and PLT (r = 0.631, dim 1) in
quadrant I; and with monocytes (r = 0.683, dim 1), WBC (r = 0.670, dim 1), neutrophils
(r = 0.517, dim 1), and APTT1 (r = 0.282, dim 1) in quadrant IV.
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Table 2. Dynamic variations of laboratory biomarkers in Chilean patients with COVID-19.

Parameter Reference
Day 1 Day 3 Day 7 Day 15

With Obesity Without Obesity With Obesity Without Obesity With Obesity Without Obesity With Obesity Without Obesity

Hematocrit, % 35.0–47.0 37.2 ± 0.8 36.4 ± 0.6 36.0 ± 0.7 35.2 ± 0.6 34.7 ± 0.7 34.7 ± 0.8 32.0 ± 0.8 31.0 ± 0.9
Hemoglobin, gr/dL 14.0–17.5 12.6 ± 0.3 12.3 ± 0.2 12.0 ± 0.3 11.8 ± 0.2 11.4 ± 0.3 11.6 ± 0.3 10.5 ± 0.3 10.2 ± 0.3
RBC, × 106 µL 3.80–5.80 4.3 ± 0.1 4.2 ± 0.1 4.0 ± 0.1 4.0 ± 0.1 4.0 ± 0.1 3.9 ± 0.1 3.5 ± 0.1 3.4 ± 0.1
WBC, × 103 µL 4.00–12.00 8.7 ± 0.4 7.7 ± 0.3 9.4 ± 0.6 8.0 ± 0.4 10.4 ± 0.7 8.6 ± 0.4 9.9 ± 0.5 9.2 ± 0.6
PLT, × 103 µL 150–450 232.2 ± 10.2 219.3 ± 10.0 262.8 ± 13.3 261.0 ± 12.7 301.5 ± 14.2 299.3 ± 15.3 267.2 ± 20.4 287.1 ± 22.6
MCV, fL 82.0–95.0 88.1 ± 0.7 88.7 ± 0.5 88.9 ± 0.7 89.3 ± 0.5 89.9 ± 0.8 89.8 ± 0.5 90.9 ± 0.9 91.2 ± 0.8
MCH, pg 25.0–32.0 29.6 ± 0.3 29.9 ± 0.2 29.5 ± 0.2 29.8 ± 0.2 29.1 ± 0.4 29.8 ± 0.2 29.6 ± 0.4 29.9 ± 0.3
MCHC, gr/dL 32.0–36.0 33.5 ± 0.2 33.7 ± 0.1 33.2 ± 0.1 33.4 ± 0.1 32.7 ± 0.2 33.2 ± 0.1 32.6 ± 0.2 32.8 ± 0.2
RDW, % 11.0–16.0 14.0 ± 0.2 13.8 ± 0.1 13.9 ± 0.2 14.1 ± 0.2 14.2 ± 0.2 14.8 ± 0.5 14.8 ± 0.3 15.6 ± 0.8
Lymphocytes, ×103 µL 0.84–4.2 1.1 ± 0.1 1.2 ± 0.1 1.2 ± 0.2 * 1.0 ± 0.1 * 1.0 ± 0.1 1.2 ± 0.1 1.1 ± 0.1 1.2 ± 0.1
Monocytes, ×103 µL 0.16–0.96 0.6 ± 0.1 0.5 ± 0.0 0.6 ± 0.0 0.5 ± 0.0 0.7 ± 0.1 0.6 ± 0.0 0.6 ± 0.0 0.7 ± 0.0
Neutrophils, ×103 µL 2–8.2 6.9 ± 0.4 5.9 ± 0.3 7.6 ± 0.6 6.4 ± 0.4 8.5 ± 0.7 6.6 ± 0.4 7.9 ± 0.5 7.2 ± 0.6
Eosinophils, × 103 µL 0.08–0.6 0.03 ± 0.0 * 0.01 ± 0.0 * 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.2 ± 0.2 0.1 ± 0.2
Basophils, ×103 µL 0–0.12 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.1 ± 0.1 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
NLR 0.107–3.19 8.6 ± 0.9 7.4 ± 0.7 11.7 ± 1.6 9.6 ± 1.3 12.3 ± 1.6 8.4 ± 1.2 10.9 ± 2.0 8.0 ± 0.9
PLR 46.79–218.01 277.7 ± 26.8 250.1 ± 16.4 355.8 ± 34.9 329.8 ± 21.6 385.3 ± 35.5 310.5 ± 23.9 326.8 ± 54.5 305.0 ± 31.8
CRP (µg/L) <5 125.2 ± 16.6 102.7 ± 8.2 86.3 ± 11.3 95.1 ± 9.6 51.7 ± 7.6 * 61.1 ± 8.9 * 45.2 ± 7.0 44.9 ± 7.9
Prothrombine Time, % 70–100 88.8 ± 2.2 84.6 ± 1.9 86.1 ± 2.4 81.2 ± 2.1 81.2 ± 2.5 83.8 ± 1.8 77.9 ± 3.0 79.8 ± 2.0
APTT, sec 26.3–40.3 33.2 ± 0.9 34.2 ± 0.7 36.4 ± 2.6 39.0 ± 4.0 32.9 ± 1.0 32.2 ± 0.8 37.0 ± 3.4 32.8 ± 1.2
D-dimer, µg/mL ≤0.50 2.1 ± 0.4 1.9 ± 0.2 4.2 ± 2.0 4.1 ± 1.4 7.7 ± 4.7 * 2.3 ± 0.4 * 2.0 ± 0.2 2.5 ± 0.4
Ferritin (ng/L) 30–400 1411.9 ± 150.1 1418.4 ± 150.3 1519.3 ± 196.2 1803.1 ± 201.0 1222.7 ± 223.1 1377.3 ± 175.1 1015.6 ± 198.8 1141.6 ± 153.6

Abbreviations: RBC = Red blood cell count; WBC = White blood cell count; PLT = Platelets; MCV = Mean corpuscular volume; MCH = Mean corpuscular hemoglobin; MCHC = Mean
corpuscular hemoglobin concentration; RDW = Red Cell Distribution Width; NLR = Neutrophil–Lymphocyte Ratio; PLR = platelet–lymphocyte ratio; CRP = C reactive protein;
APTT = Activated partial thromboplastin time; PT = Prothrombin time. (*) in bold represents significant differences (p < 0.05) using Student’s t test between the population with and
without obesity.
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Figure 1. Principal component analysis (PCA) of patients with obesity with respect to the evaluated
laboratory parameters.

3.3. Association between Laboratory Parameters and Obesity of Chilean Patients Hospitalized
with COVID-19

Pearson’s statistical analysis was used to determine significant correlations between
the laboratory parameters and obesity in patients (Table 3), highlighting the time variations
of these parameters (day 1, 3, 7, and 15). For day 1, there is a significant direct correlation
between WBC (r = 0.146, p = 0.038) and patients with obesity; likewise, a significant direct
correlation is found between patients with obesity for the neutrophil parameter (r = 0.151,
p = 0.032). By day 3, there is a statistically significant direct correlation between patients
with obesity and WBC (r = 0.155, p = 0.042). On day 7, a significant direct correlation
persists between the patients with obesity and WBC (r = 0.199, p = 0.016), as well as a
significant direct correlation with NLR (r = 0.167, p = 0.045) and neutrophils (r = 0.219,
p = 0.008). On the other hand, there is a statistically significant inverse correlation with
patients with obesity for the MCHC parameter at this time point (r = –0.168, p = 0.043). By
day 15, no significant direct or inverse correlations between the laboratory tests and the
patients (with and without obesity) are observed.
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Table 3. Pearson’s correlation between laboratory parameters and obesity of Chilean patients hospi-
talized with COVID-19.

Parameter
Day 1 Day 3 Day 7 Day 15

r p-Value r p-Value r p-Value r p-Value

Hematocrit, % 0.062 0.384 0.059 0.441 −0.007 0.935 0.086 0.434
Hemoglobin, gr/dL 0.057 0.423 0.039 0.607 −0.040 0.634 0.065 0.557
RBC, ×106 µL 0.053 0.451 0.056 0.463 0.047 0.571 0.101 0.361
WBC, × 103 µL 0.146 0.038 * 0.155 0.042 * 0.199 0.016 * 0.104 0.348
PLT, ×103 µL 0.059 0.405 0.007 0.922 0.012 0.890 −0.068 0.541
MCV, fL −0.046 0.518 −0.036 0.634 0.007 0.937 −0.036 0.747
MCH, pg −0.063 0.374 −0.068 0.374 −0.137 0.100 −0.082 0.456
MCHC, gr/dL −0.078 0.268 −0.093 0.222 −0.168 0.043 * −0.089 0.422
RDW, % 0.048 0.499 −0.07 0.362 −0.073 0.380 −0.090 0.418
Lymphocytes,× 103µL −0.021 0.771 0.082 0.284 −0.161 0.052 −0.021 0.847
Monocytes, × 103 µL 0.111 0.117 0.081 0.288 0.075 0.367 −0.026 0.814
Neutrophils, × 103 µL 0.151 0.032 * 0.133 0.081 0.219 0.008 * 0.115 0.297
Eosinophils, × 103 µL 0.081 0.251 −0.050 0.514 0.014 0.867 0.118 0.286
Basophils, × 103 µL − − −0.057 0.459 0.073 0.379 0.076 0.492
Prothrombine Time, % 0.106 0.173 0.134 0.126 −0.082 0.379 −0.070 0.551
NLR 0.081 0.254 0.076 0.318 0.167 0.045 * 0.160 0.147
PLR 0.066 0.353 0.051 0.504 0.153 0.064 0.045 0.686
CRP (gmg/L) 0.099 0.180 −0.047 0.554 −0.063 0.459 0.006 0.958
APTT, sec −0.072 0.358 −0.045 0.615 0.052 0.581 0.147 0.213
D-dimer, ug/mL 0.044 0.618 0.005 0.952 0.129 0.181 −0.130 0.328
Ferritin (ng/L) −0.003 0.976 −0.086 0.337 −0.046 0.627 −0.032 0.806

(*) indicates significance for pairwise correlations (p < 0.05).

3.4. Clinical Outcomes

Table 4 presents the association of obesity with the length of hospital stay (days),
intensive care unit (ICU) admission, invasive mechanical ventilation (IMV), and death. No
significant differences were observed regarding death; in contrast, significant differences
were observed in admission to the critical patient unit, invasive mechanical ventilation,
and length of hospital stay.

Table 4. Clinical results of patients with obesity hospitalized for COVID-19.

With Obesity Without Obesity p-Value

Hospital length of stay, days X + DS 27.32 + 19.09 22.56 + 22.62 0.011
ICU admission, n (%) * 49 (69.0) 60 (45.8) 0.001

Invasive mechanical ventilation (n, %) ** 42 (59.2) 43 (32.8) <0.001
Death, n (%) 11 (15.5) 21 (16.0) 0.920

* OR = 2.636 (IC 1.433–4.848; p = 0.0016), ** OR = 2.964 (IC 1.631–5.388; p = 0.0003).

4. Discussion

Since obesity constitutes a recognized risk factor for severity and mortality in in-
dividuals infected with SARS-CoV-2, in this retrospective study, we discuss the associ-
ation of obesity with changes in laboratory biomarkers in Chilean patients hospitalized
for COVID-19.

It has been reported that patients with obesity are more frequently hospitalized for
SARS-CoV-2 [23]. Additionally, obesity is a risk factor, regardless of other comorbidities,
for the development of severe conditions and mortality in patients with COVID-19 [8].
Our results highlight that 8.4% of patients with obesity present chronic respiratory dis-
ease, and 4.5% of patients without obesity present this pathology (p = 0.001). The results
show that patients without obesity have a high frequency of type 2 diabetes mellitus
and cardiovascular disease. These results could be explained, at least in part, by the
characteristics of the population included in the study, with an important component of
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the Native American population (Mapuche people) and high multidimensional poverty.
Various studies show that the Mapuche population presents a greater susceptibility to
diabetes and cardiometabolic risk factors, especially in those who migrate from rural to
urban areas. A study shows that conditions such as urbanization and sedentary behavior
influence insulin resistance to a greater extent in Chilean Mapuches than in Chileans of
European descent [24]. In addition, a recent study shows that lifestyle differences between
Native Americans (Mapuche and Aymara) and non-ethnic Chilean peers > 15 years are
significantly associated with differences in blood pressure and glycaemia [25].

When we studied the clinical manifestations, patients without obesity represented
the segment with the highest number of cases reported for coughing (25.2%, p = 0.041)
and dyspnea (37.1%, p = 0.002), while for symptoms such as anosmia and dysgeusia there
was a greater incidence in patients with obesity (3.5%, p = 0.042 for both cases). To our
knowledge, such differences in clinical manifestations within the general population, with
or without obesity, have not been described before [26].

Moreover, in this work we analyzed dynamic changes in laboratory biomarkers,
comparing the population of patients with obesity and those without this condition (Table 2).
In both groups included in the study, a significant increase in NLR and PLR was observed,
which reaffirms the usefulness of these systemic inflammation indicator algorithms as
prognostic indicators in patients with COVID-19. A previous study has shown that elevated
NLR is associated with a greater risk of severity [27].

Regarding the leukocyte populations, the presence of eosinopenia was observed
during the first 7 days of hospitalization. Curiously, Cortés-Vieyra et al. [28] reported that
the population with obesity presented higher levels of eosinophils on day 1. These cells
have a beneficial function in COVID-19 patients, probably by contributing to the control of
the exacerbated inflammation induced by neutrophils, which can influence the outcome of
the disease [28].

In addition, a significant increase in CRP and ferritin was observed during the first
15 days of hospitalization in both groups of patients included in the study. Various authors
have proposed the importance of the marked elevation of CRP and hyperferritinemia as
predictors of severity and mortality [29–31]. Recent evidence shows that the elevation
of inflammation markers could be related to the presence of co-infection or secondary
infection in patients with COVID-19. Thus, the results show that 4% of the patients
included in the study (4.2% of patients with obesity and 3.8% of patients without obesity)
presented secondary infection during hospitalization, a significantly lower frequency than
that described in a recent meta-analysis [32]. Additionally, Mason et al. (2021) describe
some laboratory biomarkers that would allow the exclusion of the presence of bacterial
co-infection in patients with COVID-19 [33].

Moreover, our study also found a positive correlation between hospitalized patients
with obesity and the parameters of WBC (r = 0.146, p = 0.038) and neutrophils (r = 0.151,
p = 0.032) (Table 3). This association was maintained on days 1, 3, and 7. Few studies
have reported the levels of immunoglobulins or complement in COVID-19 patients with
or without obesity. Our results suggest that patients with obesity have higher levels of
lymphocytes on day 3, while in patients without obesity the findings reported by Bobcakova
et al. showed lower levels [34]. On the other hand, it should be noticed that the D-dimer
concentration provides important information on the prognosis of COVID-19 patients,
and in our study, patients with obesity presented higher D-dimer values on day 7. This
should be considered an important risk factor, since it has been reported that a decrease
in D-dimer levels may correlate with a clinical improvement in patients, and the increase
in the value of D-dimer is the most sensitive change in the coagulation parameters in
COVID-19, indicating a greater risk for the development of thrombosis [35].

In this context, Lu and Wang [36] described that the condition of patients worsened in
the first week after admission, as shown by decreases in neutrophils, lymphocytes, mono-
cytes, eosinophils, RBC, hemoglobin, NLR, PLT, and PLR. On the 7th day of admission, the
levels of these latter markers decreased to their lowest values, although the RDW and CRP
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levels remained elevated. In our study, there is a statistically significant inverse correlation
with patients with obesity for the MCHC parameter (r = –0.168, p = 0.043). Mao et al. [37]
associated a decrease in MCHC with lung involvement, oxygen demand, and disease
activity. Finally, in contrast with Lu and Wang (32), on day 15 the laboratory parameters
analyzed did not correlate significantly with the patients evaluated in this study.

When evaluating the association of obesity with clinical results, no significant dif-
ferences were observed regarding death; however, significant differences were observed
in admission to the critical patient unit, invasive mechanical ventilation, and length of
hospital stay (27.32 + 19.09 days in patients with obesity vs. 22.56 + 22.62 days without
obesity, p = 0.011). In addition, obesity was observed to be a risk factor for intensive care
unit (ICU) admission (odds ratio = 2.636; IC 1.433–4.848; p = 0.0016) and invasive me-
chanical ventilation (IMV) (odds ratio = 2.964; IC 1.631–5.388; p = 0.0003).A meta-analysis
considering 12,591 patients showed that obesity was associated with an increased need
for ICU intervention and invasive mechanical ventilation [38]. In addition, a prospective
cohort study that evaluated the association between obesity and COVID-19 in 6.9 million
people demonstrated a linear increase in the risk of severe disease, as well as of admission
to critical care units [39].

Our study has some limitations. First, a limited number of patients were included,
which corresponds to the casuistry of a single public clinical center in southern Chile.
Second, the patients’ medical history may have some incomplete records due to the fact
that in clinical practice subjective global assessment is performed.

5. Conclusions

The results allow us to conclude that patients with obesity hospitalized for COVID-19
present marked elevation of some inflammatory and hemostasis parameters, with a cor-
relation between obesity and changes in laboratory biomarkers also observed. The most
frequent previous health conditions were arterial hypertension, cardiovascular diseases,
and diabetes; however, significant differences were observed in chronic respiratory disease
between patients with and without obesity. The inflammatory markers CPR, ferritin, NLR,
and PLR were elevated during the evaluated period, while changes in leukocyte popula-
tions were present on day 1 (eosinophils) and day 3 (lymphocytes). Finally, a persistent
elevation of D-dimer was observed, presenting significant differences on day 7 between
patients with and without obesity. Obesity was associated with admission to the critical
patient unit, invasive mechanical ventilation, and length of hospital stay. This study con-
tributes to the knowledge of risk stratification on the prognosis of COVID-19 hospitalized
patients with obesity.

Author Contributions: Conceptualization, S.V. and N.G.; methodology, S.V. and N.G.; validation
I.V., S.V. and N.G.; formal analysis, L.M.; investigation, H.D., A.S.M., L.H., P.G., N.G., P.L., G.M.,
D.G.-O. and R.B.; resources, S.V. and N.G.; data curation, L.M.; writing—original draft preparation,
S.V., N.G. and L.M.; writing—review and editing, I.V., S.V., N.G., L.M., P.L., G.M., D.G.-O. and
R.B.; visualization, S.V. and N.G.; supervision, N.G. and S.V.; project administration, S.V. and N.G.;
funding acquisition, S.V. and N.G. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was supported by Project number VIPUCT-2022REG-NG-01 and
VIPUCT2021PROWB01, funded by Universidad Católica de Temuco, Chile.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Scientific Ethical Committee of Servicio de Salud Araucanía Sur
(protocol No. 144/2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patient(s) to publish this paper.

Data Availability Statement: Not applicable.



J. Clin. Med. 2023, 12, 3392 10 of 11

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Gorbalenya, A.E.; Baker, S.C.; Baric, R.S.; de Groot, R.J.; Drosten, C.; Gulyaeva, A.A.; Haagmans, B.L.; Lauber, C.;

Leontovich, A.M.; Neuman, B.W.; et al. The Species Severe Acute Respiratory Syndrome-Related Coronavirus: Classify-
ing 2019-nCoV and Naming It SARS-CoV-2. Nat. Microbiol. 2020, 5, 536–544.

2. Liu, K.; Fang, Y.-Y.; Deng, Y.; Liu, W.; Wang, M.-F.; Ma, J.-P.; Xiao, W.; Wang, Y.-N.; Zhong, M.-H.; Li, C.-H.; et al. Clinical
Characteristics of Novel Coronavirus Cases in Tertiary Hospitals in Hubei Province. Chin. Med. J. 2020, 133, 1025–1031. [CrossRef]

3. Li, Q.; Guan, X.; Wu, P.; Wang, X.; Zhou, L.; Tong, Y.; Ren, R.; Leung, K.S.M.; Lau, E.H.Y.; Wong, J.Y.; et al. Early Transmission
Dynamics in Wuhan, China, of Novel Coronavirus–Infected Pneumonia. N. Engl. J. Med. 2020, 382, 1199–1207. [CrossRef]
[PubMed]

4. Perlman, S.; Netland, J. Coronaviruses Post-SARS: Update on Replication and Pathogenesis. Nat. Rev. Microbiol. 2009, 7, 439–450.
[CrossRef] [PubMed]

5. Home. Available online: https://coronavirus.jhu.edu/map.html (accessed on 24 February 2023).
6. Datta, P.K.; Liu, F.; Fischer, T.; Rappaport, J.; Qin, X. SARS-CoV-2 Pandemic and Research Gaps: Understanding SARS-CoV-2

Interaction with the ACE2 Receptor and Implications for Therapy. Theranostics 2020, 10, 7448–7464. [CrossRef]
7. Farkash, E.A.; Wilson, A.M.; Jentzen, J.M. Ultrastructural Evidence for Direct Renal Infection with SARS-CoV-2. J. Am. Soc.

Nephrol. 2020, 31, 1683–1687. [CrossRef] [PubMed]
8. Aburto, S.; Cisterna, M.; Acuña, J.; Ruíz, C.; Viscardi, S.; Márquez, J.L.; Villano, I.; Letelier, P.; Guzmán, N. Obesity as a Risk Factor

for Severe COVID-19 in Hospitalized Patients: Epidemiology and Potential Mechanisms. Healthc. Pap. 2022, 10, 1838. [CrossRef]
9. Soler, M.J.; Wysocki, J.; Batlle, D. ACE2 Alterations in Kidney Disease. Nephrol. Dial. Transplant 2013, 28, 2687–2697. [CrossRef]
10. Huang, C.; Wang, Y.; Li, X.; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X.; et al. Clinical Features of Patients Infected

with 2019 Novel Coronavirus in Wuhan, China. Lancet 2020, 395, 497–506. [CrossRef] [PubMed]
11. Zhou, S.; Wang, Y.; Zhu, T.; Xia, L. CT Features of Coronavirus Disease 2019 (COVID-19) Pneumonia in 62 Patients in Wuhan,

China. Am. J. Roentgenol. 2020, 214, 1287–1294. [CrossRef]
12. Grasselli, G.; Zangrillo, A.; Zanella, A.; Antonelli, M.; Cabrini, L.; Castelli, A.; Cereda, D.; Coluccello, A.; Foti, G.;

Fumagalli, R.; et al. Baseline Characteristics and Outcomes of 1591 Patients Infected With SARS-CoV-2 Admitted to ICUs of the
Lombardy Region, Italy. JAMA 2020, 323, 1574. [CrossRef] [PubMed]

13. Xu, P.P.; Tian, R.H.; Luo, S.; Zu, Z.Y.; Fan, B.; Wang, X.M.; Xu, K.; Wang, J.T.; Zhu, J.; Shi, J.C.; et al. Risk Factors for Adverse
Clinical Outcomes with COVID-19 in China: A Multicenter, Retrospective, Observational Study. Theranostics 2020, 10, 6372–6383.
[CrossRef] [PubMed]

14. Albashir, A.A.D. The Potential Impacts of Obesity on COVID-19. Clin. Med. 2020, 20, e109–e113. [CrossRef]
15. World Health Organization WHO. Available online: https://www.who.int/news-room/fact-sheets/detail/obesity-and-

overweight (accessed on 26 December 2022).
16. Jia, X.; Yin, C.; Lu, S.; Chen, Y.; Liu, Q.; Bai, J.; Lu, Y. Two Things About COVID-19 Might Need Attention. Preprints 2020, 2, 1–10.

[CrossRef]
17. Bourgeois, C.; Gorwood, J.; Barrail-Tran, A.; Lagathu, C.; Capeau, J.; Desjardins, D.; Le Grand, R.; Damouche, A.; Béréziat, V.;

Lambotte, O. Specific Biological Features of Adipose Tissue, and Their Impact on HIV Persistence. Front. Microbiol. 2019, 10, 1–25.
[CrossRef]

18. Nieman, D.C.; Henson, D.A.; Nehlsen-Cannarella, S.L.; Ekkens, M.; Utter, A.C.; Butterworth, D.E.; Fagoaga, O.R. Influence of
Obesity on Immune Function. J. Am. Diet. Assoc. 1999, 99, 294–299. [CrossRef]

19. O’Rourke, R.W.; Kay, T.; Scholz, M.H.; Diggs, B.; Jobe, B.A.; Lewinsohn, D.M.; Bakke, A.C. Alterations in T-Cell Subset Frequency
in Peripheral Blood in Obesity. Obes. Surg. 2005, 15, 1463–1468. [CrossRef] [PubMed]

20. Gutiérrez-Cuevas, J.; Santos, A.; Armendariz-Borunda, J. Pathophysiological Molecular Mechanisms of Obesity: A Link between
MAFLD and NASH with Cardiovascular Diseases. Int. J. Mol. Sci. 2021, 22, 11629. [CrossRef]

21. Kwok, S.; Adam, S.; Ho, J.H.; Iqbal, Z.; Turkington, P.; Razvi, S.; Le Roux, C.W.; Soran, H.; Syed, A.A. Obesity: A Critical Risk
Factor in the COVID-19 Pandemic. Clin. Obes. 2020, 10, e12403. [CrossRef]

22. Marshall, J.C.; Murthy, S.; Diaz, J.; Adhikari, N.K.; Angus, D.C.; Arabi, Y.M.; Baillie, K.; Bauer, M.; Berry, S.; Blackwood, B.; et al. A
Minimal Common Outcome Measure Set for COVID-19 Clinical Research. Lancet Infect. Dis. 2020, 20, e192–e197. [CrossRef]

23. Cornejo-Pareja, I.M.; Gómez-Pérez, A.M.; Fernández-García, J.C.; Barahona San Millan, R.; Aguilera Luque, A.; Hollanda, A.;
Jiménez, A.; Jimenez-Murcia, S.; Munguia, L.; Ortega, E.; et al. Coronavirus Disease 2019 (COVID-19) and Obesity. Impact of
Obesity and Its Main Comorbidities in the Evolution of the Disease. Eur. Eat. Disord. Rev. 2020, 28, 799–815. [CrossRef] [PubMed]

24. Celis-Morales, C.A.; Perez-Bravo, F.; Ibañes, L.; Sanzana, R.; Hormazabal, E.; Ulloa, N.; Calvo, C.; Bailey, M.E.S.; Gill, J.M.R.
Insulin Resistance in Chileans of European and Indigenous Descent: Evidence for an Ethnicity X Environment Interaction. PLoS
ONE 2011, 6, e24690. [CrossRef]

http://doi.org/10.1097/CM9.0000000000000744
http://doi.org/10.1056/NEJMoa2001316
http://www.ncbi.nlm.nih.gov/pubmed/31995857
http://doi.org/10.1038/nrmicro2147
http://www.ncbi.nlm.nih.gov/pubmed/19430490
https://coronavirus.jhu.edu/map.html
http://doi.org/10.7150/thno.48076
http://doi.org/10.1681/ASN.2020040432
http://www.ncbi.nlm.nih.gov/pubmed/32371536
http://doi.org/10.3390/healthcare10101838
http://doi.org/10.1093/ndt/gft320
http://doi.org/10.1016/S0140-6736(20)30183-5
http://www.ncbi.nlm.nih.gov/pubmed/31986264
http://doi.org/10.2214/AJR.20.22975
http://doi.org/10.1001/jama.2020.5394
http://www.ncbi.nlm.nih.gov/pubmed/32250385
http://doi.org/10.7150/thno.46833
http://www.ncbi.nlm.nih.gov/pubmed/32483458
http://doi.org/10.7861/clinmed.2020-0239
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://doi.org/10.20944/preprints202002.0315.v1
http://doi.org/10.3389/fmicb.2019.02837
http://doi.org/10.1016/S0002-8223(99)00077-2
http://doi.org/10.1381/096089205774859308
http://www.ncbi.nlm.nih.gov/pubmed/16354528
http://doi.org/10.3390/ijms222111629
http://doi.org/10.1111/cob.12403
http://doi.org/10.1016/S1473-3099(20)30483-7
http://doi.org/10.1002/erv.2770
http://www.ncbi.nlm.nih.gov/pubmed/32974994
http://doi.org/10.1371/journal.pone.0024690


J. Clin. Med. 2023, 12, 3392 11 of 11

25. Álvarez Lepin, C.G.; Ramirez, R.; Miranda Fuentes, C.; Ibacache Saavedra, P.; Campos, C.; Cristi-Montero, C.; Molina Sotomayor,
E.; Caparrós, C.; Delgado-Floody, P. Lifestyle and Cardiometabolic Risk Factors in the Ethnic and Non-Ethnic Population > 15
Years of Age: Results from the National Chilean Health Survey 2016–2017. Nutr. Hosp. 2023, 2, 1–35. [CrossRef]

26. da Rosa Mesquita, R.; Francelino Silva Junior, L.C.; Santos Santana, F.M.; Farias de Oliveira, T.; Campos Alcântara, R.;
Monteiro Arnozo, G.; Rodrigues da Silva Filho, E.; Galdino dos Santos, A.G.; Oliveira da Cunha, E.J.; Salgueiro de Aquino, S.H.;
et al. Clinical Manifestations of COVID-19 in the General Population: Systematic Review. Wien. Klin. Wochenschr. 2021, 133,
377–382. [CrossRef]

27. Yang, A.-P.; Liu, J.-P.; Tao, W.-Q.; Li, H.-M. The Diagnostic and Predictive Role of NLR, D-NLR and PLR in COVID-19 Patients.
Int. Immunopharmacol. 2020, 84, 106504. [CrossRef] [PubMed]

28. Cortés-Vieyra, R.; Gutiérrez-Castellanos, S.; Álvarez-Aguilar, C.; Baizabal-Aguirre, V.M.; Nuñez-Anita, R.E.; Rocha-López, A.G.;
Gómez-García, A. Behavior of Eosinophil Counts in Recovered and Deceased COVID-19 Patients over the Course of the Disease.
Viruses 2021, 13, 1675. [CrossRef]

29. Chen, N.; Zhou, M.; Dong, X.; Qu, J.; Gong, F.; Han, Y.; Qiu, Y.; Wang, J.; Liu, Y.; Wei, Y.; et al. Epidemiological and Clinical
Characteristics of 99 Cases of 2019 Novel Coronavirus Pneumonia in Wuhan, China: A Descriptive Study. Lancet 2020, 395,
507–513. [CrossRef] [PubMed]

30. Zhou, F. Clinical Course And Risk Factors For Mortality Of Adult In Patients With COVID-19 In Wuhan, China: A Retrospective
Cohort Study. J. Med. Study Res. 2020, 3, 1054–1062. [CrossRef] [PubMed]

31. Wu, C.; Chen, X.; Cai, Y.; Zhou, X.; Xu, S.; Huang, H.; Zhang, L.; Zhou, X.; Du, C.; Zhang, Y.; et al. Risk Factors Associated With
Acute Respiratory Distress Syndrome and Death in Patients with Coronavirus Disease 2019 Pneumonia in Wuhan, China. JAMA
Intern. Med. 2020, 180, 934–943. [CrossRef]

32. Langford, B.J.; So, M.; Raybardhan, S.; Leung, V.; Westwood, D.; MacFadden, D.R.; Soucy, J.-P.R.; Daneman, N. Bacterial
Co-Infection and Secondary Infection in Patients with COVID-19: A Living Rapid Review and Meta-Analysis. Clin. Microbiol.
Infect. 2020, 26, 1622–1629. [CrossRef]

33. Mason, C.Y.; Kanitkar, T.; Richardson, C.J.; Lanzman, M.; Stone, Z.; Mahungu, T.; Mack, D.; Wey, E.Q.; Lamb, L.;
Balakrishnan, I.; et al. Exclusion of Bacterial Co-Infection in COVID-19 Using Baseline Inflammatory Markers and Their
Response to Antibiotics. J. Antimicrob. Chemother. 2021, 76, 1323–1331. [CrossRef]

34. Bobcakova, A.; Petriskova, J.; Vysehradsky, R.; Kocan, I.; Kapustova, L.; Barnova, M.; Diamant, Z.; Jesenak, M. Immune Profile in
Patients With COVID-19: Lymphocytes Exhaustion Markers in Relationship to Clinical Outcome. Front. Cell. Infect. Microbiol.
2021, 11, 646688. [CrossRef] [PubMed]

35. Conte, G.; Cei, M.; Evangelista, I.; Colombo, A.; Vitale, J.; Mazzone, A.; Mumoli, N. The Meaning of D-Dimer Value in COVID-19.
Clin. Appl. Thromb. Hemost. 2021, 27, 107602962110176. [CrossRef]

36. Lu, G.; Wang, J. Dynamic Changes in Routine Blood Parameters of a Severe COVID-19 Case. Clin. Chim. Acta 2020, 508, 98–102.
[CrossRef]

37. Mao, J.; Dai, R.; Du, R.-C.; Zhu, Y.; Shui, L.-P.; Luo, X.-H. Hematologic Changes Predict Clinical Outcome in Recovered Patients
with COVID-19. Ann. Hematol. 2021, 100, 675–689. [CrossRef] [PubMed]

38. Chu, Y.; Yang, J.; Shi, J.; Zhang, P.; Wang, X. Obesity Is Associated with Increased Severity of Disease in COVID-19 Pneumonia: A
Systematic Review and Meta-Analysis. Eur. J. Med. Res. 2020, 25, 64. [CrossRef] [PubMed]

39. Gao, M.; Piernas, C.; Astbury, N.M.; Hippisley-Cox, J.; O’Rahilly, S.; Aveyard, P.; Jebb, S.A. Associations between Body-Mass
Index and COVID-19 Severity in 6·9 Million People in England: A Prospective, Community-Based, Cohort Study. Lancet Diabetes
Endocrinol. 2021, 9, 350–359. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.20960/nh.04252
http://doi.org/10.1007/s00508-020-01760-4
http://doi.org/10.1016/j.intimp.2020.106504
http://www.ncbi.nlm.nih.gov/pubmed/32304994
http://doi.org/10.3390/v13091675
http://doi.org/10.1016/S0140-6736(20)30211-7
http://www.ncbi.nlm.nih.gov/pubmed/32007143
http://doi.org/10.24966/MSR-5657/100015
http://www.ncbi.nlm.nih.gov/pubmed/36569388
http://doi.org/10.1001/jamainternmed.2020.0994
http://doi.org/10.1016/j.cmi.2020.07.016
http://doi.org/10.1093/jac/dkaa563
http://doi.org/10.3389/fcimb.2021.646688
http://www.ncbi.nlm.nih.gov/pubmed/33937096
http://doi.org/10.1177/10760296211017668
http://doi.org/10.1016/j.cca.2020.04.034
http://doi.org/10.1007/s00277-021-04426-x
http://www.ncbi.nlm.nih.gov/pubmed/33523290
http://doi.org/10.1186/s40001-020-00464-9
http://www.ncbi.nlm.nih.gov/pubmed/33267871
http://doi.org/10.1016/S2213-8587(21)00089-9

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Data Collection 
	Statistical Analysis 

	Results 
	Comorbidities and Clinical Manifestations of Chilean Patients with Obesity Hospitalized with COVID-19 
	Dynamic Variations of Laboratory Biomarkers in Chilean Patients with COVID-19 
	Association between Laboratory Parameters and Obesity of Chilean Patients Hospitalized with COVID-19 
	Clinical Outcomes 

	Discussion 
	Conclusions 
	References

