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ABSTRACT

Objective: The objective of this study was to associate the epidemiological and clinical characteristics of patients hospitalized for
COVID-19 with the progression to critical illness and death in northwestern Mexico.

Methods: From March to October 2020, we collected the demographic and clinical characteristics of 464 hospitalized patients
from northwestern Mexico.

Results: Sixty-four percent (295/464) of the patients became critically ill. Age, occupation, steroid and antibiotic use at previous
hospitalization, and underlying diseases (hypertension, obesity, and chronic kidney disease) were associated with critical illness
or death (p: <0.05). No symptoms were associated with critical illness. However, the parameters such as the heart rate, respira-
tory rate, oxygen saturation, and diastolic pressure and the laboratory parameters such as the glucose, creatinine, white line cells,
hemoglobin, D-dimer, and C-reactive protein, among others, were associated with critical illness (p: <0.05). Finally, advanced
age, previous hospital treatment, and the presence of one or more underlying diseases were associated with critical illness and
death (p: <0.02).

Conclusions: Several epidemiological (e.g., age and occupation) and clinical factors (e.g., previous treatment, underlying dis-
eases, and vital signs and laboratory parameters) were associated with critical illness and death in patients hospitalized with
COVID-19. These data provide us with possible markers to avoid critical illness or death from COVID-19 in our region.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is
properly cited.
© 2024 The Author(s). The Clinical Respiratory Journal published by John Wiley & Sons Ltd.
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1 | Introduction

In mid-December 2019, a new respiratory virus was identified
in Wuhan, China. This virus caused unexplained pneumonia
and was named severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), responsible for the coronavirus disease
2019 (COVID-19) [1]. This virus has spread worldwide, with
774631444 cases and 7031216 deaths reported; in Mexico,
7700000 cases and more than 335000 deaths have been re-
ported (accessed 29 February 2024) [2].

COVID-19 is one of the most important diseases in recent years;
this syndrome is characterized by fever, dry cough, and dyspnea,
among other symptoms [3]. The clinical severity of COVID-19
has been classified as mild, moderate, or severe depending on
various factors [4]. Some cases may progress from severe to
critical; the difference between the two states of COVID-19 is
that in critical patients, there is respiratory failure requiring
mechanical ventilation, shock, and organ failure, which require
intensive care unit (ICU) admission [5]. Approximately 5%-14%
of COVID-19 cases develop into critical illness [6]. Studies in
different countries have associated risk factors with critical
COVID-19 illness, such as demographic factors (e.g., age or sex),
symptoms (e.g., fever or dyspnea), underlying diseases (e.g., obe-
sity or hypertension), and laboratory parameters (e.g., C-reactive
protein or D-dimer) [7]. The critical status of COVID-19 is a con-
dition highly predictive of patient death; in fact, critically ill pa-
tients have a higher mortality rate of around 61.5% [8].

There are reports in other countries where patient characteristics
are associated with the severity of COVID-19; in China, symptoms
such as fever, cough, myalgia, cough, lymphopenia, and lung le-
sions were associated with severe COVID-19 [9-11]. In European
countries, headache, loss of smell, nasal obstruction, and cough,
among others, are key symptoms to progress from mild to severe
COVID-19 [12]. Furthermore, in Bulgaria, the levels of white blood
cells, C-reactive protein, creatinine, aspartate aminotransferase,
lactate dehydrogenase, ferritin, fibrinogen, and D-dimer were as-
sociated with severe cases of COVID-19 [13].

Previous studies (2021) suggested a 41% incidence of SARS-CoV-2
in 26 Mexican states [14]. Concerning the west of Mexico, the au-
thors reported a prevalence of 29.8%; in the northwest, the preva-
lence was 45.2%, and it was 42.7% in the south of Mexico [15, 16].
Unfortunately, most of these studies considered mild COVID-19
cases, and the data on the risk factors associated with COVID-19
and critically ill patients in Mexico are limited. Therefore, our ob-
jective was to associate the demographic, clinical, symptomatic,
underlying disease, and laboratory parameters of patients with
COVID-19 with critical illness and death in northwestern Mexico.

2 | Material and Methods
2.1 | Case Definition

This work was a comparative cross-sectional study in which
critically ill patients from the Hospital General Regional No. 1
of the Instituto Mexicano del Seguro Social, located in the state
of Sinaloa, in northwestern Mexico, were included. According to
the National Institute of Health (NIH) [17], a critically ill patient

was defined as one who had respiratory failure, septic shock,
and/or multiple organ dysfunction.

2.2 | Inclusion and Exclusion Criteria

All patients older than 18 who were hospitalized at the Hospital
General Regional No. 1 with COVID-19, diagnosed by RT-PCR
testing, were included. The hospitalized patients with sus-
pected COVID-19 but without RT-PCR testing and the hospi-
talized patients with COVID-19 diagnosed by RT-PCR testing
who requested voluntary hospital discharge were excluded. The
hospitalized patients with COVID-19 diagnosed by RT-PCR test-
ing but whose electronic medical records were missing demo-
graphic, clinical, or laboratory data were also excluded.

2.3 | Data Collection and Participants

The patients’ electronic medical records were collected from
March to October 2020. For this study, a representative sample
of hospitalized patients who were critically ill with COVID-19
was selected using the ratio formula Za 2 (p)(q)/d2, based on the
prevalence of patients hospitalized with COVID-19 in Mexico,
and a minimum of 384 participants was needed. We collected
1185 electronic medical records, of which 591 were excluded.
Figure S1 shows the steps for subject selection.

Sociodemographic and clinical characteristics, such as sex, age,
occupation, demographics, education, and history of treatment
for COVID-19 prior to hospitalization, were collected from
the electronic medical records. The symptoms included fever,
cough, chest pain, dyspnea, headache, irritability, diarrhea,
vomiting, chills, abdominal pain, myalgia, arthralgia, malaise,
polypnea, sore throat, conjunctivitis, and cyanosis. The underly-
ing diseases included diabetes mellitus, chronic obstructive pul-
monary disease (COPD), asthma, immunosuppression, arterial
hypertension, cardiovascular disease, obesity, chronic renal fail-
ure, and chronic hepatic failure. The vital signs included were
temperature, heart rate, respiratory rate, and blood pressure.

2.4 | RT-PCR Assay

To identify SARS-CoV-2 from throat swab samples of patients,
RNA extractions and RT-PCR were performed on all sam-
ples following protocols and guidelines for laboratory surveil-
lance of respiratory viruses of the Institute of Epidemiological
Diagnosis and Reference (Instituto de Diagnéstico y Referencia
Epidemioldgicos, InDRE) [18].

2.5 | Laboratory Tests

The laboratory tests taken were hemoglobin, leukocytes, leu-
kocyte differential, platelets, glucose, creatinine, albumin, total
protein, D-dimer, and C-reactive protein, which were taken
following the procedures of Hospital General Regional No. 1
of the Instituto Mexicano del Seguro Social, using the VITROS
XT 7600 Integrated Systems (Ortho Clinical Diagnostic, New
Jersey, United States).

20f11

The Clinical Respiratory Journal, 2024



2.6 | Imaging and Invasive Procedures

To the computed tomography chest, patients were prepared fol-
lowing the procedures of Hospital General Regional No. 1 of
the Instituto Mexicano del Seguro Social; the computed tomog-
raphy was made in the tomograph ingenuity core/IntelliSpace
(Philips, Netherlands, Amsterdam) with 64 cuts.

2.7 | Statistical Analysis

The measures of central tendency, mean, mode, median, dis-
persion with standard deviation, and variance were used for the
quantitative variables, and percentages and frequencies were
used for the qualitative variables. The X-squared test was used
to compare the qualitative variables. For qualitative variables,
the Student's t-test, or the Mann-Whitney U test, was used.
Multivariate analyses with logistic regression, odds ratio, and
95% confidence intervals were used to determine associations. A
p value<0.05 was considered statistically significant. The data
were analyzed using SPSS® Statistics Version 24 (IBM Corp.,
Armonk, NY, United States).

2.8 | Ethical Consideration

The present study was approved by the Ethics Committee of
the Women's Hospital, Secretariat of Health (No. 202302-14),
and the principles of the Declaration of Helsinki of the World
Medical Association were followed, generally using a waiver of
consent, given the need to only collect routinely available clin-
ical data, with no need for additional study-specific diagnostic
testing.

3 | Results
3.1 | Characteristics of the Study Population

In total, 594 patients with COVID-19 were included in this
study, of whom 57.9% (344/594) were male and 42.1% (250/594)
were female; most were unemployed (67%, 398/594) and urban
(86.7%, 515/594) and had a primary education (51.2%, 304/594),
as shown in Table 1. In addition, 52.7% (313/594) of the patients
had received previous treatment for COVID-19. The patients
with COVID-19 also had various underlying diseases, the most
frequent being hypertension at 55.4% (329/594), followed by T2D
at 34.5% (205/594), obesity at 23.2% (138/594), chronic kidney
disease at 7.2% (43/594), and COPD at 5.1% (30/594); there were
lesser proportions of acute myocardial infarction, asthma, dys-
lipidemia, immunosuppression, and chronic liver failure, as
shown in Table 1.

3.2 | Characteristics of the Critically I11 COVID-19
Patients

Of the total number of patients (594), 130 could not be diag-
nosed as critically ill due to insufficient information in the
clinical history (clinical or biochemical parameters), but we
know that 53% (69/130) of them were male, 47% (61/130) were

TABLE 1 | Sociodemographic and clinical characteristics of the
COVID-19 patients.

Characteristics Total n=594 %
Sex
Male 344 57.9
Female 250 42.1
Occupation
Unemployed 398 67.0
Employed 196 33.0
Demography
Urban 515 86.7
Rural 79 13.3
Education
Illiterate 33 5.6
Elementary 304 51.2
High school 54 9.1
University 72 12.1
Previous treatment 313 52.7
Underlying disease 458 77.1
Hypertension 329 55.4
Type 2 diabetes 205 34.5
Obesity 138 23.2
Chronic kidney disease 43 7.2
COPD 30 5.1
Acute myocardial infarction 17 2.9
Asthma 13 2.2
Dyslipidemia 13 2.2
Immunosuppression 12 2.0
Chronic liver failure 2 0.3

Abbreviation: COPD, chronic obstructive pulmonary disease.

female, and 46% (60/160) died, leaving a total of 464 patients,
of whom 64% (295/464) became critically ill because all these
patients presented respiratory failure (Figure 1 shown chest
computed tomography of two patients with critical ill with
pulmonary damage), and dysfunction of two or more organs,
and 36% (169/464) did not, as shown in Table 2. Some socio-
demographic, clinical, and baseline disease characteristics
were associated with patients who were critically ill with
COVID-19. Regarding sex, no statistical differences were
found between men and women. On the other hand, the mean
age of the COVID-19 patients who became critically ill was
higher than that of the noncritical patients (66 vs. 61years,
p: 0.003). Younger patients were associated with noncritical
(<49:14.2% vs. 23.1%, p: 0.02) COVID-19, and the age range of
50-59 also had more noncritical cases; however, the patients
aged 60-67years were similar in both study groups, and the
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FIGURE1 | Chestcomputed tomography scan of two patients with critical illness due to COVID-19. (A) A 58-year-old male, RT-PCR positive for
SARS-CoV-2, has a chest tomography scan with multiple ground-glass lesions, reticulations, and condensation areas, CO-RADS 6 classifications.
(B) A 47-year-old male, RT-PCR positive for SARS-CoV-2, has a chest tomography scan with ground-glass opacities, areas of atelectasis, and bilateral

parenchymal lesions, CO-RADS 6 classifications.

age groups of 68-75 and > 75 had a higher number of critically
ill than noncritically ill patients, but the difference was not
statistically significant (Table 2). Another sociodemographic
characteristic associated with critical illness was occupation,
as unemployed patients were more frequently critically ill
than noncritically ill (72.9% vs. 56.2%, p: <0.0001). No statisti-
cal differences were found between the demographic charac-
teristics of the critically ill patients (Table 2).

In addition, some of the patients' data before their critical illness
with COVID-19 (e.g., days of COVID-19 and pharmacological
treatment) were analyzed for associations with critical illness,
as shown in Table 2. No statistical difference was found be-
tween days with COVID-19 and overall pharmacological treat-
ment with critical illness. At the same time, previous steroid use
(51.9% vs. 8.3%, p: <0.0001) and antibiotics (44.7% vs. 11.8%, p:
<0.0001) were associated with critical illness, as compared to
noncritical illness (Table 2).

Regarding the underlying diseases, the presence of underlying
diseases was associated with critical illness (81.4% vs. 71%, p:
0.01), as compared to noncritical illness (Table 2). Among all the
previously mentioned diseases (Table 1), hypertension (60% vs.
50.3%, p: 0.04), obesity (72.9% vs. 17.1%, p: 0.015), and chronic
kidney disease (8.8% vs. 3.6%, p: 0.031) were associated with crit-
ical illness. In addition, the number of underlying diseases in
patients with COVID-19 was analyzed; having zero underlying
diseases was associated with noncritically ill patients (23.4% vs.
32.5%, p: 0.028); the prevalence of patients with one (29.9% vs.
26.6%) and one to three (42.7% vs. 36.1%) underlying diseases
was higher in critically ill patients, but no statistical differences
were found. The distribution of patients with four or more un-
derlying diseases was similar between the critically ill and non-
critically ill patients (Table 2).

3.3 | Association of Symptoms of COVID-19
and Critical Illness

Several symptoms were reported in patients with COVID-19,
the most common being dyspnea (83.1%), followed by fever
and cough (77.1% each), headache (62.5%), myalgia (55.6%),

arthralgia (51.2%), and chest pain (36.4%), with smaller propor-
tions of odynophagia (28.6%), chills (21.1%), rhinorrhea (17.2%),
and abdominal pain (12.2%), among others, as shown in Table 3.
As for the distribution of symptoms in patients with critical ill-
ness and noncritical illness, it was similar in both study groups,
so no statistical differences were found between COVID-19
symptoms and critical illness, as shown in Table 3.

3.4 | The Clinical and Laboratory Findings
of COVID-19 in Critically I1l Patients

The clinical and laboratory data of patients with COVID-19 are
shown in Table 4. Some of these data were related to patients
who developed critical illness; for example, the heart rate (97
vs. 90 beats/min, p: 0.014), respiratory rate (24 vs. 22 breaths/
min, p: 0.002), glucose (143 vs. 130.34mg/dL, p: 0.033), creati-
nine (1 vs. 0.8 mg/dL, p: <0.001), albumin (3.3 vs. 0.8g/dL, p:
<0.001), leukocytes (12.4 vs. 10.6 count/uL, p: 0.018), neutro-
phils (10.8 vs. 8.8 count/uL, p: 0.004), leukocyte index (14.29 vs.
10.57, p: <0.001), D-dimer (2100 vs. 647ng/mL, p: <0.001), and
C-reactive protein (15.9 vs. 12.35mg/L, p: 0.008) were all higher
in critically ill patients compared to noncritically ill patients,
as shown in Table 4. On the other hand, the oxygen saturation
(83 vs. 89%, p: <0.001), diastolic pressure (76 vs. 78 mm/Hg, p:
0.036), hemoglobin (13 vs. 14, p: <0.001), lymphocytes (0.7 vs.
0.8 count/uL), and platelets (236 vs. 269 count/uL, p: <0.001)
were lower in the critically ill patients than the noncritically ill
patients, as shown in Table 4. The distribution of the rest of the
data was similar in both study groups.

3.5 | The Characteristics of Patients With
COVID-19 Associated With Critical Illness
and Death

To find associations with critical illness or death, the factors
most representative of COVID-19 patients in the bivariate
analyses were subjected to multivariate analysis (logistic re-
gression), as shown in Table 5. Regarding critical illness, as-
sociations were found between the age of patients and critical
illness; comparisons were made between each of the different
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TABLE 2 | Sociodemographic and clinical characteristics and underlying diseases related to critically ill COVID-19 patients.

Total Critically ill (%) Noncritically ill (%)
The characteristics n=464 (%) n=295 (64.0) n=169 (36.0) p value
Sex
Male 275 (59.3) 167 (56.6) 108 (63.9) 0.124
Female 189 (40.7) 128 (43.4) 61 (36.1)
Age
Median (IQR) 64.5 (54-73) 66 (55-74) 61 (51-70) 0.003*
<49 81 (17.5) 42 (14.2) 39 (23.1) 0.02*
50-59 95 (20.5) 55 (18.6) 40 (23.7) 0.18
60-67 99 (21.3) 63 (21.4) 36 (21.3) 0.9
68-75 96 (20.7) 68 (23.1) 28 (16.6) 0.12
>75 93 (20) 67 (22.7) 26 (15.4) 0.07
Occupation
Unemployed 310 (66.8) 215(72.9) 95 (56.2) <0.0001*
Employed 154 (33.2) 80 (27.1) 74 (43.8)
Demography
Urban 393 (84.7) 241 (81.7) 152 (89.9) 0.018
Rural 71 (15.3) 54 (18.3) 17 (10.1)
Before critical illness
Days before critical illness (IQR) 7 (4-10) 7 (3-10) 7 (4-10) 0.48
Pharmacological treatment before critical illness 265 (57.1) 176 (59.7) 89 (52.7) 0.143
Steroid treatment before critical illness 167 (36.0) 153 (51.9) 14 (8.3) <0.0001*
Antimicrobial treatment before critical illness 152 (32.8) 132 (44.7) 20 (11.8) <0.0001*
Underlying diseases 360 (77.6) 240 (81.4) 120 (71.0) 0.01*
Hypertension 262 (56.5) 177 (60.0) 85(50.3) 0.042*
Type 2 diabetes 155 (33.4) 94 (31.9) 61 (36.1) 0.353
Obesity 109 (76.5) 80 (72.9) 29 (82.8) 0.015*
Chronic kidney disease 32(6.9) 26 (8.8) 6(3.6) 0.031*
COPD 27(5.8) 16 (5.4) 11 (6.5) 0.631
Acute myocardial infarction 14 (3.0) 72.4) 7 (4.1) 0.284
Dyslipidemia 11 (2.4) 6(2.0) 5@3.0) 0.529
Asthma 9(1.9) 5(1.7) 4(2.4) 0.614
Immunosuppression 9(1.9) 6(2.0) 3(1.8) 0.846
Number of underlying diseases
0 124 (26.7) 69 (23.4) 55 (32.5) 0.028*
1 131 (28.2) 86 (29.2) 45 (26.6) 0.59
2-3 187 (40.3) 126 (42.7) 61 (36.1) 0.16
>4 22 (4.7) 14 (4.7) 8 (4.7) 0.99

Note: The chi square test was used to obtain the statistical significance, and the Mann-Whitney U test was applied to obtain the statistical significance in the variables
by IQR.

Abbreviations: COPD, chronic obstructive pulmonary disease; IQR, interquartile range.

*p value<0.05.
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TABLE 3 | Symptoms associated with critically ill COVID-19 patients.

Total Critically ill (%) Noncritically ill (%)
Symptoms n=464 (%) n=295 (64.0) n=169 (36.0) p value
Dyspnea 386 (83.1) 241 (81.7) 145 (81.7) 0.25
Fever 358 (77.1) 228 (77.3) 130 (76.9) 0.92
Cough 358 (77.1) 230 (78) 128 (75.7) 0.58
Headache 290 (62.5) 184 (62.4) 106 (62.7) 0.94
Myalgia 258 (55.6) 167 (56.6) 91 (53.8) 0.56
Arthralgia 238 (51.2) 151 (51.2) 87 (51.5) 0.95
Thoracic pain 169 (36.4) 115 (39.0) 54 (32) 0.13
Odynophagia 133 (28.6) 86 (29.2) 47 (27.8) 0.75
Chills 98 (21.1) 63 (21.4) 35(20.7) 0.87
Rhinorrhea 80 (17.2) 53 (18) 27 (16.0) 0.58
Abdominal pain 57 (12.2) 40 (13.6) 17 (10.5) 0.26
Anosmia 32(6.8) 20 (6.8) 12(7.1) 0.89
Polypnea 31 (6.6) 15(5.1) 16 (9.5) 0.06
Dysgeusia 27 (5.8) 17 (5.8) 10 (5.9) 0.94
Cyanosis 13 (2.8) 10 (3.4) 3(1.8) 0.31
Nasal congestion 2(0.4) 0(0.0) 2(1.2) 0.13

Note: The chi square test was used to obtain statistical significance.

age groups versus <49years (which were the youngest pa-
tients with critical illness), of which 60-67years (OR: 2.03,
CIL: 1.2-3.5, p: 0.004), 68-75years (OR: 2.55, CI: 1.5-4.4, p:
0.0002), and > 76 years (OR: 2.67, CI: 1.6-4.6, p: 0.0002) were
associated with critical illness, as shown in Table 5. In addi-
tion, the use of treatments before being critically ill was asso-
ciated with this condition (OR: 1.61, CI: 1.1-2.3, p: 0.023), and
the presence of an underlying disease (OR: 1.73, CI: 1.1-2.7,
p: 0.015) and > 2 underlying diseases (OR: 1.9, CI: 1.3-3.02, p:
0.001) versus 0 underlying diseases was associated with being
critically ill, as shown in Table 5. No association was found
between sex or demographics and critical illness.

On the other hand, we also looked for associations between
patients with COVID-19 and death; as with the critically ill pa-
tients, some factors were associated with death, as shown in
Table 5. All age groups of the patients analyzed with COVID-19
were associated with death: 50-59years (OR: 1.7; CI: 1.0-2.9; p:
0.023), 60-67years (OR:2.8; CI: 1.6-4.4; p: <0.0001), 68-78 years
(OR: 4.5; CI: 2.5-7.2; p: <0.0001), and > 76years (OR: 6.68; CI:
3.7-12.5; p: <0.0001). In addition, the use of previous treatments
(OR: 1.54; CI: 1.1-2.2; p: 0.02), as well as 1 (OR: 1.8; CI: 1.2-2.9;
p: 0.0057) and >2 (OR: 2.4; CI: 1.5-3.6; p: <0.0001) underlying
diseases, were associated with death in COVID-19 patients, as
shown in Table 5.

In addition, we analyzed the interaction between variables in
the model, considering gender as the focal independent variable.
The results show that no statistical differences were generated
in the variables analyzed. Still, we should consider that as more

than two variables are involved, the parsimony of the model (the
principle of using the simplest and most concise model that ad-
equately represents the data) may be affected. The results may
not be significant (Table S1).

4 | Discussion

COVID-19 is a respiratory disease that has caused many deaths
worldwide, and Mexico has been one of the most affected coun-
tries. The patient response to COVID-19 is key to the patient's
survival of this disease, as various patient factors have been
associated with COVID-19 severity, hospitalization for critical
illness, and death. In this work, we demonstrated that in adult
subjects from northwestern Mexico (Sinaloa State), some socio-
demographic (e.g., age or occupation), clinical (e.g., previous ste-
roid or antibiotic use), and underlying disease (e.g., hypertension
or obesity) characteristics were more prevalent in patients who
were critically ill with COVID-19. No COVID-19 symptoms were
associated with the critically ill patients. In addition, some vital
signs and laboratory parameters (e.g., heart rate, oxygen satu-
ration, glucose, leukocyte index, and D-dimer, among others)
were associated with critically ill patients. Finally, age, previous
treatment, and underlying diseases were associated (by logistic
regression) with critically ill patients as well as with death from
COVID-19.

In the present study, the proportion of men and women with
critical illness was similar; this result differed from other stud-
ies because the proportion of men critically ill with COVID-19 is
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TABLE 4 | Vital signs, symptoms, and laboratory values that are associated with critically ill COVID-19 patients.

Critically ill Noncritically ill
Clinical vital signs and laboratory parameters n=295 (IQR) n=169 (IQR) p value
Temperature (°C) 37 (36.6-37.6) 37 (36.7-37.6) 0.848
Heart rate (beats per minute) 97 (84-108) 90 (79-107) 0.014*
Breathing frequency (breath per minute) 24 (21-28) 22 (20-25) 0.002*
Oxygen saturation (%) 83 (68-89) 89 (84-93) <0.001*
Systolic pressure (mm/Hg) 125 (110-142) 126 (116-142) 0.372
Diastolic pressure (mm/Hg) 76 (66-82) 78 (71-84) 0.036*
Glucose (mg/dL) 143 (104-218.9) 130.34 (91-199.48) 0.033*
Creatinine (mg/dL) 1(0.8-1.6) 0.8 (0.7-1.1) <0.001*
Albumin (g/dL) 3.3(2.9-3.7) 0.8 (3.2-3.9) <0.001*
Hemoglobin (g/dL) 13 (11.5-14.3) 14 (12.7-15) <0.001*
Hematocrit (%) 38 (38-38) 38 (38-38) 0.717
Leucocyte count/uL 12.4 (8.5-16.7) 10.6 (8.2-14.2) 0.018*
Neutrophil count/uL 10.8 (7.1-14.8) 8.8 (6.2-12.3) 0.004*
Lymphocyte count/uL 0.7 (0.5-1) 0.8 (0.6-1.2) <0.001*
leukocyte index 14.29 (8.56-26.33) 10.57 (6.5-17.38) <0.001*
Platelet count/uL 236 (172-324) 269 (223-335) <0.001*
D-Dimer (ng/mL) 2100 (614-6657) 647 (320-1531) <0.001*
C-reactive protein (mg/L) 15.9 (9-23.62) 12.35(7.2-21) 0.008*

Note: The Mann-Whitney U test was applied to obtain the statistical significance.

Abbreviations: uL, microliters; dL, deciliters; Hg, mercury, grams; IQR, interquartile range; mg, milligrams.

*p value<0.05.

higher than that of women [1, 19, 20]. This phenomenon could
be related to the fact that in Mexico, some underlying diseases
associated with critical illness in COVID-19, such as obesity
and hypertension, are more prevalent in adult women (75% and
64.2%, respectively) than in men (69.6% and 49.9%, respectively)
[21]. In terms of age, the patients with critical illness were older
than the patients without critical illness, with a median age of
66years versus 61 years in this study. These data were consistent
with several studies, most of which found patients with critical
illness to be older than 63 years [22-24].

One of the characteristics of patients with COVID-19 who be-
came critically ill was that they were using medications such
as steroids and antibiotics at the onset of the disease. The use
of corticosteroids in COVID-19 was a controversial decision.
Although several studies showed that using corticosteroids in
mild or moderate cases of COVID-19 did not reduce the mor-
tality, length of hospital stay, or duration of viral shedding,
Mexican personnel continued to use them [25]. The use of
corticosteroids has been associated with an increased risk of
death or secondary infection during hospitalization [26]. The
use of corticosteroids in noncritically ill patients could inhibit
the protective function of T cells and affect the B cells in the
production of antibodies, which could lead to an increase
in plasma viral load; it could also block macrophages from

attacking secondary nosocomial infections, and all these phe-
nomena could allow the patient to progress from noncritically
ill to critically ill [27]. Regarding the use of antibiotics, most
cases of COVID-19 did not present a bacterial coinfection
that would justify the use of antibiotics, and the indiscrimi-
nate use of antibiotics could affect the health of patients with
COVID-19; in fact, a study by Bendala Estrada et al. found
higher mortality rates in patients with COVID-19 who used
antibiotics than in those who did not use antibiotics [28].
Indiscriminate use of antibiotics in patients with COVID-19
increased antimicrobial resistance and the likelihood of de-
veloping coinfection with multidrug-resistant or extensively
resistant bacteria [29]. On the other hand, we cannot rule out
the fact that the naturally poor evolution of COVID-19 led pa-
tients to use steroids or antibiotics. The treatments for mild
COVID-19 patients are a controversial issue that needs fur-
ther research. In addition, more training is needed for medical
staff in mild COVID-19 cases.

Other important characteristics associated with critically ill pa-
tients were underlying diseases such as hypertension, obesity,
or chronic kidney disease; these data were consistent with other
reports. Wang et al. observed that the prevalence of hyperten-
sion was higher in ICU patients than in non-ICU patients (58.3%
vs. 21.6%; p<0.001) [30]. Similarly, Herndndez-Cardenas et al.
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TABLE 5 | Demographic and clinical factors associated with critical illness and death from COVID-19.

Critical illness n =295 Death n=321

Characteristics OR (95% CI) p value OR (95% CI) p value
Sex

Female vs. male 1.06 (0.7-1.5) 0.77 0.94 (0.6-1.3) 0.68
Demography

Rural vs. urban 1.05 (0.6-1.7) 0.91 1.21 (0.7-1.9) 0.55
Age

50-59 vs. <49 1.45 (0.9-2.5) 0.1 1.7 (1.0-2.9) 0.023*

60-67 vs. <49 2.03 (1.2-3.5) 0.004* 2.8 (1.6-4.4) <0.0001*

68-75 vs. <49 2.55 (1.5-4.4) 0.0002* 45 (2.5-7.2) <0.0001*

>76vs. <49 2.67 (1.6-4.6) 0.0002* 6.68 (3.7-12.5) <0.0001*
Previous treatment

Yes vs. no 1.61 (1.1-2.3) 0.023* 1.54 (1.1-2.2) 0.02*
Underlying diseases

1vs.0 1.73 (1.11-2.7) 0.015* 1.8 (1.2-2.9) 0.0057*

>2vs. 0 1.9 (1.3-3.02) 0.001* 2.4 (1.5-3.6) <0.0001*

Note: Logistic regression was applied to obtain the statistical significance.
Abbreviations: CI: confidence index; OR: odds ratio.
*p value<0.05.

showed that obesity was the most frequent underlying con-
dition in patients with COVID-19 who died [31]. In addition,
Ng et al. [32] found that patients with COVID-19 and chronic
kidney disease were more likely to be hospitalized than those
without COVID-19 (31.7% vs. 25.4%). On the other hand, several
studies related the presence of T2D with critically ill patients in
COVID-19 [33-35], but contradictorily, we found no relationship
between patients with T2D and critically ill patients; in fact, the
distribution of these patients was similar between the critically
ill and noncritically ill patients. This could be since in Mexico,
the prevalence of T2D in subjects older than 20years is very high
(31.2%), a fact that could affect the distribution of patients with
T2D [21].

Regarding COVID-19 symptoms, the most common symp-
toms found in this study were consistent with other studies
[19, 31, 36]. However, although some symptoms were associ-
ated with critically ill patients, such as fever, dyspnea, nausea,
vomiting, or diarrhea [37, 38], the distribution of COVID-19
symptoms in this study was similar between the two study
groups. In addition, this study's vital signs and laboratory pa-
rameters related to critically ill patients were consistent with
other works [7]. Liang et al. found that creatinine, C-reactive
protein, and neutrophil levels were higher in critically ill pa-
tients than noncritically ill patients, while leukocytes, plate-
lets, and hemoglobin were lower in critically ill patients [39].
Alharthy et al. found that heart rate, respiratory rate, and D-
dimer levels, among other parameters, were higher in criti-
cally ill patients who died compared to those who did not die
[36]. The search for biomarkers (symptoms, vital signs, or
laboratory parameters) to identify critical cases in COVID-19

patients should continue; in this sense, we could improve the
early identification of these patients and treatment to prevent
death in COVID-19 patients.

Finally, logistic regression was used to identify the
association between the demographic and clinical COVID-19
characteristics with critical illness or death. We found associ-
ations such as age, use of previous treatments, and underly-
ing diseases using this statistical tool. Interestingly, the older
the age of patients with COVID-19, the higher the probabil-
ity of developing critical illness or death. This phenomenon
was also observed for underlying diseases (hypertension,
obesity, CKD, and T2D, among others), and the more under-
lying diseases that the COVID-19 patients had, the higher
the probability of developing critical illness or death. These
data were in line with other studies. Li et al. (2020) showed
that patients with COVID-19 >65years were 2.25 times more
likely to become critically ill than those <65years (p: 0.000)
[40]. Wu et al. also found that symptomatic COVID-19 pa-
tients > 59 years were 5.1 times more likely to die than those
<30years [41]. Martinez-Martinez et al. showed that patients
of older age were associated with severe COVID-19 compared
to those nonsevere (58.2 vs. 40.1years, p: <0.001) in a study of
Mexican subjects. In addition, they showed that age (younger
or older) could modify some risk factors associated with se-
vere COVID-19, such as COPD, asthma, and immunosuppres-
sion, among others [42]. The increased association between
age and critical illness in COVID-19 may be due to older sub-
jects having more underlying diseases, a weakened immune
system, higher proinflammatory cytokines, possibly lower
ACE2 levels, and an increased SARS-CoV-2 viral load [7].
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Regarding major underlying diseases, there is a strong asso-
ciation between critical illness and some underlying diseases;
for example, Huang et al. showed that hypertension increased
the odds of the severity of and death from COVID-19 by 1.5
and 1.2 times, respectively [43]. Vera-Zertuche et al. showed
that obesity alone increased the risk of death 2.7-fold, but obe-
sity with other comorbidities increased the risk up to 5.06-fold
[44]. Guo et al. showed that patients with T2D had a 2.96-fold
increased risk of severe COVID-19 or death [34]. Docherty
et al. showed that patients with CKD had a 1.19-1.39-fold in-
creased risk of death [45].

The strong association between metabolic diseases and critical
illness could be due to the physiological changes induced by
these diseases; for example, hypertension alters the balance of
the renin-angiotensin-aldosterone system pathway, downregu-
lating the angiotensin-converting enzyme (ACE) 2 and increas-
ing the ACE/angiotensin II, facts that favor colonization and
infection by SARS-CoV-2 [46]. In addition, patients with hyper-
tension tend to be older individuals with other comorbidities
such as obesity or T2D [47]. Patients with obesity have altered
immune system function, chronic inflammation, ACE2 highly
expressed in adipose tissue, low vitamin D concentration, and
overexpression of molecules associated with SARS-CoV-2 infec-
tion such as MCT4, alpha integrin, and activated T cell nuclear
factor 1, among others [48, 49]. In T2D, patients with this meta-
bolic disease tend to be older and have other comorbidities such
as obesity or hypertension and overexpression of ACE2, inflam-
mation, and endothelial activation related to insulin resistance
[50-52].

On the other hand, the use of the markers shown in this study,
together with predicting mortality scores, could help to avoid
critical illness or death from COVID-19. Alanis-Naranjo et al.
compared two predictors of mortality in Mexican hospital-
ized COVID-19 patients: the pneumonia severity index (PSI)
or PORT score (PORT/PSI) and the Sequential Organ Failure
Assessment (SOFA) score. The PORT/PSI score was better than
the SOFA in predicting deaths in hospitalized Mexican subjects
with COVID-19 [53].

Fortunately, we now have several COVID-19 vaccines that can
protect against severe SARS-CoV-2 infection; in fact, the use of
COVID-19 vaccines has greatly reduced severe cases and deaths
from COVID-19 worldwide. However, there is still a significant
percentage of the population that has not received one or more
doses. Approximately 70.9% (5.44 billion) of the world's popula-
tion has received a dose of COVID-19 vaccine, but 29.1% have
not received a dose (2.3 billion) (accessed 11 November 2022)
[54]. As for Mexico, 76% of the population has one dose, 64%
has two doses, 45% has an additional dose, and 24% has no dose
(accessed 11 November 2022), which means that more than 31
million Mexicans have not been vaccinated [54]. There are still
many people who, without vaccination, may develop critical ill-
ness due to COVID-109, so it is necessary to continue the search
for factors related to this condition or death from COVID-19 to
treat patients as effectively as possible. On the other hand, the
levels of antibodies that vaccinated subjects with metabolic dis-
eases, for example, obesity, hypertension, or diabetes, produce
against SARS-CoV-2 are lower than subjects without meta-
bolic diseases; considering that Mexico is a country with a high

prevalence of these diseases, Mexican subjects with metabolic
diseases vaccinated with one or two doses may still have an in-
creased probability of suffering critical illness from COVID-19
compared to those without metabolic diseases. However, further
research on this topic is needed [55].

To our knowledge, this is the first study to identify the main
epidemiologic and clinical characteristics and laboratory pa-
rameters associated with critical illness and death in patients
hospitalized for COVID-19 in northwestern Mexico. However,
the limitations of this work were the sample size and the retro-
spective nature of the data; many patients were excluded from
the study because they did not meet the inclusion criteria. In
addition, the information in this work predated the COVID-19
vaccine era.

5 | Conclusion

In this study, some demographic (e.g., age and occupation)
and clinical factors (e.g., previous treatment, underlying dis-
eases, vital signs, and laboratory parameters) were associated
with critical illness in patients hospitalized with COVID-19 in
northwestern Mexico. In addition, age (elderly patients), pre-
vious medication use, and the presence of underlying diseases
were strongly associated with critical illness and death due to
COVID-19. The associations found in this work could be mark-
ers for Mexican subjects, which can help to avoid critical illness
and death in COVID-19 patients from the early stage of this
disease.
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