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ABSTRACT

Background: The coronavirus disease 2019 outbreak is a significant challenge for health-care systems around the world. Objec-
tive: The objective of the study was to assess the impact of comorbidities on the case fatality rate (CFR) and the development
of adverse events in patients positive for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in the Mexican popu-
lation. Materials and methods: We analyzed the data from 13,842 laboratory-confirmed SARS-CoV-2 patients in Mexico be-
tween January 1, 2020, and April 25, 2020. We investigated the risk of death and the development of adverse events (hospi-
talization, pneumonia, orotracheal intubation, and intensive care unit [ICU] admission), comparing the number of comorbidities
of each patient. Results: The patient mean age was 46.6 = 15.6 years, 42.3% (n = 5853) of the cases were women, 38.8%
of patients were hospitalized, 4.4% were intubated, 29.6% developed pneumonia, and 4.4% had critical illness. The CFR was
9.4%. The risk of hospitalization (odds ratio [OR] = 3.1, 95% confidence interval [Cl]: 2.7-3.7), pneumonia (OR = 3.02, 95%
Cl: 2.6-3.5), ICU admission (OR = 2, 95% CI: 1.5-2.7), and CFR (hazard ratio = 3.5, 95% Cl: 2.9-4.2) was higher in patients
with three or more comorbidities than in patients with 1, 2, or with no comorbidities. Conclusions: The number of comor-
bidities may be a determining factor in the clinical course and its outcomes in SARS-CoV-2-positive patients. (REV INVEST CLIN.
2020;72(3):151-8)
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INTRODUCTION

In early December 2019, a group of cases of “pneu-
monia of unknown origin” was reported in Wuhan,
capital of the Chinese province of Hubeil. Over the
next 2 months, the outbreak spreads rapidly through-
out China, and the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) was identified shortly
after as the responsible pathogen?. What was ini-
tially an epidemic quickly spread to the rest of the
world, declared as a global pandemic and named coro-
navirus disease 2019 (COVID-19)3.

The presence of any comorbidity had previously
been shown to condition an increased risk of devel-
oping acute respiratory distress syndrome in patients
with influenza“. In the first reports of SARS-CoV-2
disease, 32% of confirmed patients had concomi-
tant comorbidities and among them, patients admit-
ted to the intensive care unit (ICU) had significant-
ly more>¢. Many elderly patients who became
seriously ill had evidence of underlying disease, of
cardiovascular, hepatic, and/or kidney origin or ma-
lignant tumors, and they often died as a result of
their original comorbidities®. Other studies have re-
ported that overweight and obese patients are at
increased risk of admission to the ICU and of a fatal
outcome?.

COVID-19 is an ongoing global pandemic, without a
vaccine or effective treatment in the near horizon, so
only public health measures may potentially decrease
its impact; therefore, all the original comorbidities of
individuals infected with SARS-CoV-2 must be accu-
rately assessed’.

Since comorbidities could be a risk factor for adverse
outcomes, the objective of this study is to assess
their impact on the case fatality rate (CFR) and on
the development of adverse events in patients posi-
tive for SARS-CoV-2 in the Mexican population.

MATERIALS AND METHODS

This retrospective, observational study was conducted
with a multicenter national cohort of 13,842 patients
positive for SARS-CoV-2 in Mexico, between January
1, 2020, and April 25, 2020. The data were obtained
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from the General Directorate of Epidemiology of the
Mexican Ministry of Health that updates daily an
open-source data set with information on patients
with a suspicious, negative, and definitive diagnosis of
COVID-198.

This study included patients with a confirmed diagno-
sis of COVID-19 based on a positive result of the
SARS-CoV-2 test by real-time reverse transcription
polymerase chain reaction, certified by the National
Institute of Epidemiological Diagnosis and Reference.
Data were obtained from different medical units in
the 32 Mexican states that belong to 14 different
institutions integrating the Mexican health sector.
The collection of patient data from each medical cen-
ter caring for patients with COVID-19 is forwarded to
the Ministry of Health of Mexico and, once validated,
it is uploaded to the epidemiological surveillance plat-
form, and real-time patient data are updated in the
cohort daily.

All demographic data (age, origin, sex, nationality,
pregnancy, smoking status, date of symptom onset,
date of medical attention, contact with another con-
firmed case, and comorbidities) and clinical data (on-
set of symptoms, presence of pneumonia, require-
ment for orotracheal intubation, and the need for
intensive care) were collected on arrival at the medi-
cal center for hospital care. Depending on the clinical
criteria, patients were admitted to a hospital area to
continue their treatment and observation or were dis-
charged with outpatient treatment. The death date
was updated daily.

Comorbidities were determined by self-report at the
time of medical care and classified as present or ab-
sent. The defined comorbidity groups were diabetes,
chronic obstructive pulmonary disease, asthma, im-
munosuppression, hypertension, cardiovascular dis-
ease (CVD), obesity, and chronic kidney disease
(CKD). Comorbidities were classified according to
their number in every individual into the following cat-
egories: without comorbidities, 1 comorbidity, 2 co-
morbidities, and = 3 comorbidities.

The primary endpoint was all-cause of death during
follow-up, and secondary endpoints were the pres-
ence of adverse events defined as hospitalization, the
development of pneumonia, intubation, and ICU ad-
mission.
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Statistical analysis

Data are presented as frequencies and percentages in
the case of categorical variables and as means * stan-
dard deviation for continuous or discrete variables.
Comparisons were made with the Chi-square test,
Student’s t-test, and one-way ANOVA with Tukey
test post hoc analysis. The impact of the number of
comorbidities on overall survival was analyzed with
the Kaplan-Meier methods with pairwise comparisons
and between categories with the log-rank test. Mul-
tivariate logistic regression analysis was applied to
determine the risk of adverse events for pre-existing
comorbidities. Multivariate Cox proportional hazards
regression models determined the prediction of the
CFR in patients with COVID-19. Variables were en-
tered into the multivariate models at an initial sig-
nificance level of p < 0.1 in the bivariate analysis,
using the Enter method to establish the independent
contribution of each covariate on adverse events or
CFR. Multivariate models were adjusted by sex, age,
smoking status, and time from onset of symptoms to
initial care. The multivariate-adjusted Cox regression
models were rerun in three subgroup analyses: in hos-
pitalized patients, intubated patients, and patients
admitted to the ICU. p < 0.05 was considered statis-
tically significant. All analyses were performed in the
SPSS statistical program version 21 and GraphPad
Prism version 6.

RESULTS

Most of the positive cases for SAR-CoV-2 were men
(57.7%) with a mean age of 46.6 + 15.6 years, and
98.7% of cases were Mexican. The prevalence of
COVID-19 increases with age. More than a quarter of
current cases were in contact with a confirmed case
of COVID-19 (Table S1).

Of 13,842 confirmed cases, 5373 (38.8%) required
hospitalization, and 67.7% (n = 3635) of these pa-
tients had pneumonia on admission. Among the hos-
pitalized patients, 11.4% (n = 611) required orotra-
cheal intubation and 55.5% (n = 339) of these were
admitted to ICU. The total CFR was 9.4% (men:
11.1%, women: 7.1%, p < 0.0001), but the CFR in
COVID-19 hospitalized patients was 21.9%, and the
rates in patients who required orotracheal intubation
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and in those who required intensive care were 50.2%
and 41.5%, respectively.

Among the SARS-CoV-2-positive cases, 45.3% had at
least one comorbidity. About 26% of the patients had
1 comorbidity, 12.9% had 2 comorbidities, and 6.4%
had = 3 comorbidities. The patients’ age increased
according to the number of comorbidities (without
comorbidities: 41.6 + 14.3, 95% confidence interval
(CD: 41.3-41.9; 1 comorbidity: 49.6 + 14.9, 95% Cl:
49.1-50.1; 2 comorbidities 52.3 * 14.1, 95 Cl %:
54.6-55.9; and = 3 comorbidities: 59.1 + 13.5, 95%
Cl: 58.2-60.01; p < 0.0001). The proportion of pa-
tients who developed adverse events increased with
the number of comorbidities and was higher in the
groups with two and three or more comorbidities
(Table S2).

Survival analysis showed that 95.6% of patients
without comorbidities survived, while in patients with
1 comorbidity (88.5%), 2 comorbidities (81.8%), and
> 3 comorbidities (73.7%), survival was statistically
decreased (log-rank Mantel-Cox, p < 0.0001). The
greater the patients’ age, the lower the survival
(= 20 years: 98.8%; 21-30 years: 99%, 31-40 years:
97.1%; 41-50 years: 92.6%; 51-60 years: 88%, and
> 60 years: 76.3%; log-rank Mantel-Cox, p < 0.0001).
When survival analysis was performed according to
the number of comorbidities and per age group, we
observed that comorbidity determines survival re-
gardless of age since it decreases even in younger
cases (Fig. 1). Similarly, in hospitalized patients, in
those who required orotracheal intubation, and in
those who required intensive care, survival was in-
versely proportional to the number of comorbidities:
hospitalized patients: without comorbidities: 85.5%,
1 comorbidity: 77.7%; 2 comorbidities: 71.2%; and
> 3 comorbidities: 65.5%; (log-rank Mantel-Cox,
p < 0.0001); intubated patients: without comorbidi-
ties: 58.1%; 1 comorbidity: 49.5%; 2 comorbidities:
40.3%; and = 3 comorbidities: 46.7%; (log-rank
Mantel-Cox, p = 0.002) and; ICU patients: without
comorbidities: 66.4%; 1 comorbidity: 59.4%; 2 co-
morbidities: 49.1%; and = 3 comorbidities: 48.1%;
(log-rank Mantel-Cox, p < 0.0001).

Regression analysis established that the presence of
comorbidities increases the risk of hospitalization,
development of pneumonia, the requirement for
orotracheal intubation, ICU admission, and the CFR.
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Figure 1. Survival curves according to age ranges and number of comorbidities. A: patients < 20 years, B: patients between 21
and 30 years, C: patients between 31 and 40 years, D: patients between 41 and 50 years, E: patients between 51 and 60 years,
F: patients > 60 years.
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Figure 2. Multivariate analyses of different groups of patients according to the number of comorbidities. Model adjusted for
age, sex, and time from onset of symptoms to initial care, the hazard ratio and 95% confidence interval are compared with

those obtained in patients with no associated comorbidity.
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Diabetes, hypertension, and obesity were the comor-
bidities established as risk factors for all outcomes.
Patients with three or more comorbidities have a high-
er risk of developing adverse events in comparison with
cases with two or one comorbidities; further, compared
with those without any comorbidity (Table S3), the
combination of diabetes and obesity was the most
significant in all outcomes, and diabetes and CKD led
to an increased risk of hospitalization, pneumonia, and
CFR (Table S4). Different subanalyses were performed
in patient subgroups to predict the CFR in hospitalized,
intubated, and ICU patients; we observed that the
number of comorbidities remains a risk factor for the
CFR in SARS-CoV-2-positive patients (Fig. 2).

DISCUSSION

This study analyzes the demographic characteristics
of the infected Mexican population and the impact of
the number of comorbidities on the development of
adverse events and the CFR in SARS-CoV-2-positive
patients in Mexico. The most frequent comorbidities
in this population were hypertension, obesity, and
diabetes, similar findings to those observed in China
at the onset of the pandemic>910.11,

We found that 45.3% of the cases had at least one
comorbidity. Italy reported that the vast majority of
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patients who died from COVID-19 until April 2, 2020,
had chronic comorbidities (2.7 diseases on average):
97.2% of patients had at least one comorbidity,
51.3% had three comorbidities, 23.9% two comor-
bidities, and 22.1% one comorbidity. Hypertension
was the most common comorbidity in 72.1% of pa-
tients followed by diabetes mellitus in 31.5% and
ischemic heart disease in 27.4% of cases!?13.

The effect of comorbidities on fatality rates is well-
known; however, in Mexico, this takes on a new and
alarming dimension since the country ranks second in
the world in obesity prevalence!4; according to the
ENSANUT 2018 survey!>, 75.2% of the Mexican
population over the age of 20 is overweight or obese.
Furthermore, the prevalence of diabetes in Mexicans
above the age of 20 is 10.3% (8.6 million individuals)
and the prevalence of hypertension is 18.4% in pa-
tients over 20 years of age and particularly, in those
above the age of 70, with a prevalence of 26.7%. This
prevalence of metabolic diseases characterizes Mex-
ico as an extremely vulnerable country to the devel-
opment of complications caused by COVID-19.

Similar to our findings, multiple studies have been
conducted to determine the risk factors associated
with the development of critical illness requiring me-
chanical ventilation and leading to death in patients
with COVID-19. Thus, the following are consistently
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identified as the main risk factors for severe disease:
age over 65 years, chronic lung disease, systemic ar-
terial hypertension, CVD, diabetes mellitus, obesity
(body mass index [BMI] = 30), immunosuppression,
end-stage CKD, and liver disease®->10.16-18,

Diabetes, hypertension, and obesity were the only
comorbidities that were statistically significant in all
models analyzing adverse events in this cohort of
Mexican patients, suggesting that metabolic dis-
eases are a determining factor in the severity of
COVID-19. Of these three, only obesity was unaf-
fected by the presence of other risk factors after
multivariate adjustment, which would suggest an
association between abdominal adiposity and dis-
ease severity.

In the context of SARS-CoV-2 infection, BMI has
been reported to be significantly higher in critically
ill patients compared with other COVID-19 patients
(27 £ 2.5 vs. 22 £ 1.3; p < 0.001)*°. Another study
established that the BMI of the group of patients
with COVID-19 and critical illness was higher than
that of patients without critical illness (25.5, inter-
quartile range [IQR]: 23-27.5 vs. 22.0, IQR: 20-24,
p = 0.003) and that 88.2% of the patients who died
from COVID-19 had a BMI above 2520,

A study in France showed that the risk of requiring
invasive mechanical ventilation (IMV) in patients with
COVID-19 and with a BMI > 35 is 7 times higher than
in patients with a BMI < 252L. In New York, patients
with a BMI of 30-34 (odds ratio [OR] = 1.8, 95%
Cl: 1.2-2.7) and patients with a BMI > 35 (OR = 3.6,
95% Cl: 2.5-5.3) had a greater risk of requiring ad-
mission to the ICU than patients with a BMI < 3022,
When survival analyses were performed according to
the number of comorbidities in each age group, we
observed that comorbidity determines survival re-
gardless of age since it decreases it, even in the
youngest cases. In the age group between 21 and 30
years in which survival is 99%, in patients with three
or more comorbidities, it decreases almost 20% and
since most of the Mexican population harbors the
three most frequent comorbidities in COVID-19 cas-
es (arterial hypertension, obesity, and diabetes mel-
litus), it appears that there is a high disposition to
the development of adverse events in the Mexican
population. This fact could perhaps be related to the
chronic pro-inflammatory state associated with
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obesity and the metabolic syndrome, which favors a
prothrombotic and pro-inflammatory environment
with higher tissue expression of angiotensin-convert-
ing enzyme 2, a protein associated to the binding of
SARS-CoV-2 in the alveolar epithelium?3. Further-
more, adipose tissue has proven to be a viral reservoir
for other pathogens such as Ad-36 adenovirus, influ-
enza A virus, HIV, cytomegalovirus, Trypanosoma
gondii, and Mycobacterium tuberculosis; hence,
SARS-CoV-2 could remain viable in the adipose tissue
of these patients?4.

The population of critically ill patients with COVID-19
represented 4.4% of all cases (n = 611) and 11.4%
of these cases were hospitalized, a similar proportion
to that reported in other populations with this dis-
ease, such as New York?>, Lombardy,?¢ and Chinal’.
Moreover, in a study of 1043 patients admitted to
the ICU, 68% had at least one comorbidity, with hy-
pertension being the most frequent (49%), followed
by CVD (21%), hypercholesterolemia (18%), and dia-
betes mellitus (17%). It should be noted that in this
study, age as the only risk factor was not found to be
a significant variable in terms of requiring admission
to the ICU26.

Results in other cohorts!32926 have reported that
their general CFR is lower than that of our cohort in
Mexico (9.4% vs. 2.4-7.2% in China and Italy, respec-
tively). However, the CFR in patients who were hos-
pitalized and critically ill was proportionately similar
to that reported in other international cohorts, un-
derscoring the fact that in the group of critically ill
patients, it is approximately 50%, according to vari-
ous published series!”27:28 There is, however, wide
variation in the CFR reported in the subgroup of pa-
tients with critical illness and requiring in vitro matura-
tion, ranging from 26% to 97%?%¢. These variations
may be related to the geographical location of hospital
centers, their capacity, the availability of ICU, the im-
plementation of specific care protocols in this group of
patients, and the specific characteristics of each popu-
lation. Besides, several of these studies have reported
results on patients who were still hospitalized at the
time of publication!32>26, Compared with data ob-
tained in the Mexican population during the influenza
A HIN1 virus pandemic in 20092, the case fatality
found in our study in critically ill patients is higher
(50.2% in COVID-19 vs. 41.4 %% in HIN1 influenza),
which underscores the impact that this disease has
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had on the Mexican population and the major chal-
lenge it represents for the country’s health system.

Another result that should be emphasized in this
cohort is that only 55.5% of critically ill patients on
IMV were admitted to ICUs; this may be a conse-
quence of the limited availability of beds in critical
care units in the national health system (approxi-
mately 5200 beds in the country, for a population of
just over 126 million inhabitants). This point is rel-
evant, since in a retrospective cohort of patients who
died from COVID-19 in China (that has 3.6 intensive
care beds per 100,000 inhabitants), the manage-
ment of this type of patients by a medical team that
is not led and coordinated by intensive care physi-
cians and the delay in the implementation of IMV is
probably associated with unfavorable outcomes3°,

The main limitation of this study is the validation of
the database since we did not directly collect the data
included in the database and therefore could not cor-
roborate each of the analyzed variables; all datasets
were directly reviewed and validated only by the Mex-
ican Ministry of Health. Other limitations were failure
to report the initiation dates of each adverse event,
the fact that self-reporting comorbidities could lead
to underreporting of cases, particularly since many
are subclinical and lead to underdiagnosis, as well as
the lack of information on hospital discharges and the
underreporting of COVID-19 cases in the Mexican
population.

In conclusion, patients with comorbidities are at great-
er risk of developing adverse events, and their CFR is
also increased when compared with previously healthy
patients. The number of comorbidities could be a de-
termining factor in the patients’ clinical course and
outcomes in cases that are positive for SARS-CoV-2.
These findings allow us to identify areas of opportu-
nity on which to focus research, improve the quality
of information, as well as the clinical outcomes in
Mexican patients with COVID-19.
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