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Original Article

Objectives: The goal of this study was to identify chronic conditions and multimorbidity patterns in patients with coronavirus disease 

2019 (COVID-19) and to examine their associations with pneumonia and death. 

Methods: This cross-sectional study analyzed the official data of COVID-19 patients in Mexico through May 18, 2020 (released by the 

Secretaría de Salud de México). Adjusted logistic regression models were applied to assess the associations of comorbidities with pneu-

monia and death. The marginal effects were estimated, and the probability of pneumonia or death according to the number of co-

morbidities was graphed for each year of age. 

Results: Of the 51 053 COVID-19 patients enrolled in the final analysis, 27 667 (54.2%) had no chronic conditions, while 13 652 (26.7%), 

6518 (12.8%) and 3216 (6.3%) were reported to have 1, 2, and 3 or more simultaneous conditions, respectively. Overall, a significant 

incremental gradient was observed for the association between multimorbidity and pneumonia (p<0.001); for 2 chronic conditions, 

the adjusted odds ratio (aOR) was 2.07 (95% confidence interval [CI], 1.95 to 2.20), and for ≥3 conditions, the aOR was 2.40 (95% CI, 

2.22 to 2.60). A significant incremental gradient was also found for the relationship between multimorbidity and death (p<0.001); an 

aOR of 2.51 (95% CI, 2.30 to 2.73) was found for 2 chronic conditions and an aOR of 3.49 (95% CI, 3.15 to 3.86) for ≥3 conditions. 

Conclusions: Underlying chronic conditions and multimorbidity are associated with pneumonia and death in Mexican COVID-19 pa-

tients. Future investigation is necessary to clarify the pathophysiological processes behind this association, given the high burden of 

chronic diseases in various countries, including Mexico.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a recently-discov-
ered infectious disease caused by the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) virus that has quickly 
become a global pandemic. As of the writing of this report, 
more than 3 million cases and nearly 250 000 deaths have 
been documented. However, the epidemiology of the disease 
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is still being studied, and much more information is required 
to establish adequate measures for its prevention and control, 
especially among patients vulnerable to severe disease (pneu-
monia) or death [1].

Several studies have demonstrated higher frequencies of 
severe cases and mortality among COVID-19 patients with un-
derlying comorbidities, such as diabetes, high blood pressure 
(HBP), obesity, and cardiovascular disease (CVD), relative to 
patients without comorbidities [2,3]. Although the causal 
mechanisms by which chronic conditions increase the risk of 
COVID-19 severity and mortality are still being studied, it has 
been postulated that patients with HBP and diabetes have an 
increased susceptibility of severe SARS-CoV-2 infection [4,5]. It 
has also been proposed that SARS-CoV-2 infection may cause 
or worsen endotheliitis, which can further affect the condition 
of people with previous endothelial dysfunction, such as those 
with obesity, diabetes, HBP, and other CVDs [5]. This raises the 
question of how multimorbidity—the presence of 2 or more 
chronic comorbidities—may influence disease severity and 
mortality in patients with SARS-CoV-2 infection.

Mexico has one of the highest COVID-19 mortality rates 
among Latin American countries. As of May 18, 2020, more 
than 20 000 confirmed cases and 2154 deaths attributed to CO-
VID-19 had been reported in Mexico [1]. The potential associa-
tions of multimorbidity with disease severity and mortality in 
COVID-19 patients have received special attention in Mexico, 
as it is one of the Latin American countries with the highest 
prevalence of chronic conditions; 19.0-25.5% of Mexican adults 
have HBP, 10.0% have diabetes, and 28.0% are obese [6,7]. To 
date, only 1 peer-reviewed study, conducted in China, has re-
ported a higher combined risk of admission to intensive care, 
intubation, or death in patients with multimorbidity compared 
to those without multimorbidity [8]. However, this association 
has not been studied in Latin America, and pneumonia and 
death have not been considered as separate outcomes.

The epidemiological surveillance system of the Secretaría de 
Salud de México collects information regarding the characteris-
tics and comorbidities of diagnosed COVID-19 cases, as well as 
their clinical course and outcomes. The government of Mexico 
has released these data. In this study, we aimed to identify the 
chronic conditions and multimorbidity patterns present among 
COVID-19 patients and to examine their associations with pneu-
monia and death. Our results could help facilitate better under-
standing and decision-making regarding the identification of 
groups at relatively high risk of severe illness and death due to 

COVID-19 and the implementation of preventative measures 
affecting these groups. 

METHODS

Study Design and Data Source
A cross-sectional study was performed to analyze the pub-

licly available data of patients with COVID-19 diagnosed via 
reverse transcription-polymerase chain reaction (RT-PCR). 
These data were released by the Secretaría de Salud de México 
and covered the period ending on May 18, 2020. Socio-demo-
graphic and medical data (regarding date of disease onset, 
disease duration, epidemiological profile, presence of chronic 
conditions, molecular diagnostic test result, and vital status), 
were collected by physicians using an epidemiological COV-
ID-19 case report form in suspected COVID-19 patients. These 
data were systematized using an epidemiological surveillance 
system and are available at https://www.gob.mx/salud/docu-
mentos/datos-abiertos-152127.

Study Variables
The dependent variables were pneumonia and death in pa-

tients with COVID-19. Eight comorbidities were included as in-
dependent variables: HBP, diabetes, obesity, asthma, immuno-
suppression, other CVDs, chronic obstructive pulmonary dis-
ease (COPD), and chronic kidney disease. The chronic condi-
tions included in the analysis corresponded to the conditions 
reported as associated with COVID-19 in the literature [9-15] 
and the availability of the relevant information in the patient 
data. A simple count of the 8 comorbidities was used to classify 
participants into 4 categories: no comorbidity, 1 comorbidity, 
2 comorbidities, or 3 or more comorbidities. Likewise, the 3 
most frequent comorbidities (HBP, diabetes, and obesity) were 
classified into dyads. The presence of ≥2 of the 8 reported co-
morbidities was considered to indicate multimorbidity.

Statistical Analysis
The variables of interest were presented as frequencies and 

percentages for the categorical variables and as means and 
standard deviations for the continuous variables. The frequen-
cies of pneumonia and death were presented according to the 
characteristics and comorbidities evaluated and stratified by 
sex. Simple logistic regression models were applied to mea-
sure the associations of the independent variables with pneu-
monia and death in patients with COVID-19. The chronic con-

https://www.gob.mx/salud/documentos/datos-abiertos-152127
https://www.gob.mx/salud/documentos/datos-abiertos-152127
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ditions that were found to be associated with pneumonia or 
death (p<0.05) in the simple logistic regression analysis were 
included in two adjusted logistic regression models. The co-
variables included in the adjusted models were age (continu-
ous), gender (men/women), and smoking status (yes/no). The 
results were expressed as odds ratios (ORs) and adjusted odds 
ratios (aORs) with 95% confidence intervals (CIs) for both 
models. Based on the adjusted models, the marginal effects 
were estimated along with their 95% CI, and the probabilities 
of pneumonia and death according to the number of comor-
bidities for each year of age were graphed.

Statistical analysis was performed using Stata version 14 
(StataCorp., College Station, TX, USA). For all analyses, a p-val-
ue <0.05 was considered statistically significant.

Ethics Statement
As an analysis of secondary data, this study did not require 

the approval of an institutional ethics committee. The data are 
publicly available on the platform of the Secretaría de Salud de 
México under the Mexican open data policy intended to facili-
tate the access, use, reuse, and redistribution of information.

 

RESULTS

Complete data regarding the study variables were available 
for 51 053 patients with COVID-19, and these patients were in-
cluded in the analysis. A total of 580 patients were excluded 
due to incomplete data. Of the included patients, 29 422 were 
men (57.6%). The overall mean age was 46.6±15.8 years 
(men, 47.1±15.7 years; women, 45.8±16.0 years). The mean 
disease duration was 4.2±3.3 days. A total of 14 684 (28.8%) 
patients presented with pneumonia (men, 32.5%; women, 
23.7%).

Regarding the presence of chronic conditions, 27 667 (54.2%) 
of the participants had no comorbidities, while 13 652 (26.7%) 
presented 1 chronic condition. Multimorbidity was present in 
9734 (19.1%) of the patients, with the presence of 2 (n=6518, 
12.8%) and 3 (n=2490, 4.9%) comorbidities being the most 
common. The largest number of simultaneous chronic condi-
tions was 8 (14 patients) (Table 1).

The results included 5233 (10.3%) deaths (men, 12.1%; 
women, 7.7%), with a mean time from disease onset to death 
of 10.6±6.5 days (Table 1). Regarding age group, pneumonia 
was reported in more than 50% of the people in the 65-74 
(50.3%), 75-84 (53.7%), and 85 or older (51.4%) age groups, 

Table 1. Characteristics of the Mexican population with coro-
navirus disease 2019 (COVID-19)

Characteristics Overall 
(n=51 053)

Men 
(n=29 422)

Women 
(n=21 631)

Age (y) 46.6±15.8 47.1±15.7 45.8±16.0

Duration of illness 4.2±3.3 4.2±3.3 4.1±3.3

HBP    

   No 39 963 (78.3) 23 147 (78.7) 16 816 (77.7)

   Yes 11 090 (21.7) 6275 (21.3) 4815 (22.3)

Diabetes    

   No 41 667 (81.6) 23 976 (81.5) 17 691 (81.8)

   Yes 9386 (18.4) 5446 (18.5) 3940 (18.2)

Obesity    

   No 40 412 (79.2) 23 625 (80.3) 16 787 (77.6)

   Yes 10 641 (20.8) 5797 (19.7) 4844 (22.4)

Asthma    

   No 49 463 (96.9) 28 752 (97.7) 20 711 (95.7)

   Yes 1590 (3.1) 670 (2.3) 920 (4.3)

Immunosuppression    

   No 50 212 (98.4) 28 987 (98.5) 21 225 (98.1)

   Yes 841 (1.6) 435 (1.5) 406 (1.9)

Other CVD   

   No 49 682 (97.3) 28 628 (97.3) 21 054 (97.3)

   Yes 1371 (2.7) 794 (2.7) 577 (2.7)

COPD   

   No 49 934 (97.8) 28 815 (97.9) 21 119 (97.6)

   Yes 1119 (2.2) 607 (2.1) 512 (2.4)

Chronic kidney disease    

   No 49 795 (97.5) 28 662 (97.4) 21 133 (97.7)

   Yes 1258 (2.5) 760 (2.6) 498 (2.3)

HBP and diabetes    

   No 35 519 (69.6) 20 435 (69.5) 15 084 (69.7)

   Yes 15 534 (30.4) 8987 (30.5) 6547 (30.3)

HBP and obesity    

   No 32 874 (64.4) 19 187 (65.2) 13 687 (63.3)

   Yes 18 179 (35.6) 10 235 (34.8) 7944 (36.7)

Diabetes and obesity    

   No 33 769  (66.1) 19 546 (66.4) 14 223 (65.8)

   Yes 17 284 (33.9) 9876 (33.6) 7408 (34.2)

Smoking    

   No 46 715 (91.5) 26 232 (89.2) 20 483 (94.7)

   Yes 4338 (8.5) 3190 (10.8) 1148 (5.3)

Pneumonia    

   No 36 369 (71.2) 19 857 (67.5) 16 512 (76.3)

   Yes 14 684 (28.8) 9565 (32.5) 5119 (23.7)

Death    

   No 45 820 (89.7) 25 862 (87.9) 19 958 (92.3)

   Yes 5233 (10.3) 3560 (12.1) 1673 (7.7)

(Continued to the next page)
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while the greatest frequencies of death were found in the 65-
74 (27.1%), 75-84 (29.1%), and 85 or older (31.3%) age groups 
(Table 2). In the adjusted logistic regression model, across the 
entire study population, it was found that chronic conditions 
such as HBP, diabetes, obesity, immunosuppression, other CVDs, 
COPD, and chronic kidney disease were associated with an in-
creased risk of pneumonia. In men, other CVDs and COPD were 
not found to be associated with pneumonia. Likewise, across 
the study population, chronic conditions such as HBP, diabetes, 
obesity, immunosuppression, other CVDs, COPD, and chronic 
kidney disease were associated with an increased probability 
of death (Table 3).

A significant incremental gradient was observed for the as-
sociation between multimorbidity and pneumonia in the gen-
eral population (p<0.001), with the presence of 1 (aOR, 1.68; 
95% CI, 1.60 to 1.77), 2 (aOR, 2.07; 95% CI, 1.95 to 2.20), and 3 
or more chronic conditions (aOR, 2.40; 95% CI, 2.22 to 2.60) as-
sociated with a progressively increasing probability of this 
outcome. Likewise, across the study population, a significant 
incremental gradient (p<0.001) was found for the relationship 
between multimorbidity and death, in which the presence of 
1 (aOR, 1.89; 95% CI, 1.75 to 2.04), 2 (aOR, 2.51; 95% CI, 2.30 to 
2.73), and 3 or more chronic conditions (aOR, 3.49; 95% CI, 

3.15 to 3.86) were associated with an increased probability of 
death among the patients. These gradients demonstrating 
higher probabilities of pneumonia and death in patients with 
more chronic conditions were also present in both men and 
women and were statistically significant (Table 4). 

Figure 1 shows the marginal effects of age and number of 
comorbidities on the probabilities of pneumonia and death. 
The probabilities of both pneumonia and death increased 
with the number of comorbidities and age.

DISCUSSION

In this study, we sought to identify patterns of chronic con-
ditions and multimorbidity and to evaluate their associations 
with pneumonia and death in Mexican patients with COV-
ID-19. Chronic conditions such as HBP, diabetes, obesity, other 
CVDs, and chronic kidney disease were found to increase the 
likelihood of pneumonia. Likewise, HBP, diabetes, obesity, im-
munosuppression, COPD, and chronic kidney disease in-
creased the probability of death in patients with COVID-19. 
Regarding multimorbidity, a greater number of chronic condi-
tions was found to be associated with an increased probability 
of death or pneumonia among the study sample.

Characteristics Overall 
(n=51 053)

Men 
(n=29 422)

Women 
(n=21 631)

Time from disease onset 
to death

10.6±6.5 10.8±6.5 10.2±6.5

Comorbidities    

   0 27 667 (54.2) 16 068 (54.6) 11 599 (53.6)

   1 13 652 (26.7) 7993 (27.2) 5659 (26.2)

   2 6518 (12.8) 3725 (12.7) 2793 (12.9)

   3 2490 (4.9) 1305 (4.4) 1185 (5.5)

   4 572 (1.1) 263 (0.9) 309 (1.4)

   5 109 (0.2) 49 (0.2) 60 (0.3)

   6 24 (0.0) 9 (0.0) 15 (0.1)

   7 7 (0.0) 5 (0.0) 2 (0.0)

   8 14 (0.0) 5 (0.0) 9 (0.0)

Multimorbidity    

   0 27 667 (54.2) 16 068 (54.6) 11 599 (53.6)

   1 13 652 (26.7) 7993 (27.2) 5659 (26.2)

   2 6518 (12.8) 3725 (12.7) 2793 (12.9)

  ≥3 3216 (6.3) 1636 (5.6) 1580 (7.3)

Values are presented as number (%) or mean±standard deviation. 
HBP, high blood pressure; CVD, cardiovascular disease; COPD, chronic ob-
structive pulmonary disease.

Table 1. Continued from the previous page Table 2. Frequencies of pneumonia and death in the Mexi-
can population with coronavirus disease 2019 (COVID-19) 
according to age group

Characteristics Overall  Men Women

Pneumonia 
  Total (n) 14 684 9565 5119
   0-19 115 (9.5) 70 (11.1) 45 (7.7)
   20-44 3727 (16.3) 2477 (19.5) 1250 (12.4)
   45-54 3733 (32.2) 2537 (37.0) 1196 (25.2)
   55-64 3496 (41.9) 2250 (45.3) 1246 (37.0)
   65-74 2242 (50.3) 1425 (52.0) 817 (47.6)
   75-84 1087 (53.7) 647 (54.5) 440 (52.5)
  ≥ 85 284 (51.4) 159 (54.3) 125 (48.1)
Deaths 
  Total (n) 5233 3560 1673
   0-19 20 (1.6) 13 (2.1) 7 (1.2)
   20-44 708 (3.1) 512 (4.0) 196 (1.9)
   45-54 1161 (10.0) 845 (12.3) 316 (6.7)
   55-64 1374 (16.5) 928 (18.7) 446 (13.3)
   65-74 1207 (27.1) 798 (29.1) 409 (23.8)
   75-84 590 (29.1) 357 (30.1) 233 (27.8)
   ≥85 173 (31.3) 107 (36.5) 66 (25.4)

Values are presented as number (% of the row).
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In the present study, an association was found between 
chronic conditions and pneumonia in patients with COVID-19. 
An early report from Wuhan, China, noted that about half of a 
sample of patients who were hospitalized for SARS-CoV-2 

pneumonia had an additional medical condition. The most 
common comorbidities were HBP, diabetes, CVDs, and malig-
nancies, which (except for malignancies) coincide with the 
most frequent conditions found in the Mexican population 

Table 3. Associations of chronic conditions with pneumonia and death in the Mexican population with coronavirus disease 2019 
(COVID-19) 

Chronic conditions
Pneumonia Death

OR (95% CI) aOR (95% CI)1 OR (95% CI) aOR (95% CI)1

Overall      

   HBP 2.41 (2.31, 2.52)* 1.47 (1.40, 1.54)*  3.15 (2.97, 3.34)* 1.67 (1.57, 1.79)*

   Diabetes 2.93 (2.79, 3.06)* 1.94 (1.84, 2.04)*  3.34 (3.14, 3.55)* 2.00 (1.87, 2.13)*

   Obesity 1.47 (1.40, 1.54)* 1.49 (1.42, 1.56)*  1.49 (1.40, 1.59)* 1.62 (1.52, 1.74)*

   Asthma 0.74 (0.66, 0.83)* 0.91 (0.80, 1.03)  0.75 (0.63, 0.91)* 1.02 (0.84, 1.23)

   Immunosuppression 1.91 (1.67, 2.20)* 1.71 (1.48, 1.98)*  2.35 (1.98, 2.78)* 1.99 (1.66, 2.38)*

   Other CVD 2.08 (1.87, 2.32)* 1.23 (1.10, 1.38)*  2.64 (2.32, 3.01)* 1.34 (1.17, 1.55)*

   COPD 2.62 (2.32, 2.95)* 1.30 (1.15, 1.48)*  3.81 (3.34, 4.34)* 1.62 (1.40, 1.87)*

   Chronic kidney disease 2.75 (2.46, 3.08)* 2.01 (1.78, 2.26)*  4.37 (3.87, 4.94)* 3.08 (2.70, 3.51)*

   HBP and diabetes 2.91 (2.80, 3.03)* 1.84 (1.76, 1.92)*  3.69 (3.48, 3.92)* 2.00 (1.87, 2.13)*

   HBP and obesity 2.11 (2.03, 2.20)* 1.57 (1.50, 1.64)*  2.68 (2.53, 2.84)* 1.83 (1.72, 1.95)*

   Diabetes and obesity 2.30 (2.21, 2.39)* 1.83 (1.75, 1.91)*  2.71 (2.56, 2.88)* 2.08 (1.96, 2.21)*

Men      

   HBP 2.13 (2.01. 2.25)* 1.34 (1.26, 1.43)*  2.67 (2.47, 2.87)* 1.48 (1.37, 1.61)*

   Diabetes 2.59 (2.44, 2.75)* 1.76 (1.65, 1.88)*  2.84 (2.63, 3.07)* 1.76 (1.62, 1.91)*

   Obesity 1.36 (1.28, 1.44)* 1.42 (1.34, 1.51)*  1.36 (1.26, 1.48)* 1.55 (1.42, 1.69)*

   Asthma 0.74 (0.62, 0.88)* 0.91 (0.76, 1.09)  0.72 (0.55, 0.94)* 0.96 (0.73, 1.27)

   Immunosuppression 1.73 (1.43, 2.10)* 1.48 (1.21, 1.81)*  2.29 (1.83, 2.87)* 1.85 (1.46, 2.36)*

   Other CVDs 1.82 (1.58, 2.09)* 1.11 (0.95, 1.29)  2.32 (1.97, 2.75)* 1.23 (1.03, 1.47)*

   COPD 2.12 (1.80, 2.49)* 1.09 (0.92, 1.29)  3.28 (2.75, 3.91)* 1.46 (1.20, 1.76)*

   Chronic kidney disease 2.43 (2.10, 2.81)* 1.84 (1.58, 2.15)*  3.80 (3.26, 4.44)* 2.79 (2.36, 3.29)*

   HBP and diabetes 2.52 (2.39, 2.66)* 1.64 (1.55, 1.74)*  3.04 (2.83, 3.26)* 1.72 (1.59, 1.86)*

   HBP and obesity 1.89 (1.80, 1.99)* 1.46 (1.38, 1.54)*  2.34 (2.18, 2.51)* 1.68 (1.55, 1.81)*

   Diabetes and obesity 2.06 (1.96, 2.17)* 1.69 (1.60, 1.78)*  2.35 (2.19, 2.52)* 1.88 (1.74, 2.02)*

Women      

   HBP 3.03 (2.83, 3.25)* 1.67 (1.54, 1.80)***  4.51 (4.07, 4.99)* 2.11 (1.88, 2.36)*

   Diabetes 3.60 (3.34, 3.87)* 2.23 (2.06, 2.41)*  4.60 (4.15, 5.11)* 2.52 (2.25, 2.81)*

   Obesity 1.74 (1.62, 1.86)* 1.57 (1.46, 1.70)*  1.86 (1.67, 2.07)* 1.73 (1.55, 1.94)*

   Asthma 0.84 (0.72, 0.99)* 0.91 (0.77, 1.08)  0.92 (0.71, 1.19) Not include

   Immunosuppression 2.30 (1.88, 2.81)* 2.01 (1.62, 2.49)*  2.73 (2.43, 3.07)* 1.99 (1.76, 2.24)*

   Other CVDs 2.56 (2.16, 3.03)* 1.42 (1.19, 1.71)*  3.33 (2.71, 4.10)* 1.53 (1.23, 1.92)*

   COPD 3.57 (2.99, 4.25)* 1.58 (1.31, 1.91)*  5.01 (4.11, 6.12)* 1.83 (1.47, 2.27)*

   Chronic kidney disease 3.31 (2.77, 3.96)* 2.28 (1.89, 2.76)*  5.55 (4.55, 6.77)* 3.63 (2.93, 4.49)*

   HBP and diabetes 3.75 (3.52, 4.01)* 2.21 (2.05, 2.38)*  5.72 (5.14, 6.37)* 2.77 (2.47, 3.12)*

   HBP and obesity 2.64 (2.47, 2.81)* 1.75 (1.64, 1.88)*  3.78 (3.40, 4.20)* 2.19 (1.96, 2.45)*

   Diabetes and obesity 2.82 (2.65, 3.01)* 2.07 (1.93, 2.21)*  3.79 (3.42, 4.21)* 2.57 (2.31, 2.87)*

OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio; HBP, high blood pressure; CVD, cardiovascular disease; COPD, chronic obstructive pulmonary 
disease.
1Adjusted analysis by age, sex, and smoking status in overall population (by age and smoking status in men and women).
*p<0.05.
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with COVID-19. Likewise, in the study from Wuhan, these con-
ditions were associated with the presence of pneumonia [2]. 
Furthermore, the Centers for Disease Control and Prevention 
in the United States reported that people with serious medical 

conditions such as asthma (moderate to severe), COPD, diabe-
tes, CVDs, kidney diseases, severe obesity, immunosuppres-
sion, and liver diseases have a greater probability of develop-
ing severe forms of COVID-19, including pneumonia [15]. It 

Table 4. Associations of multimorbidity with pneumonia and death in the Mexican population with coronavirus disease 2019 
(COVID-19) 

Pneumonia
 

Death

OR (95% CI) aOR (95% CI) OR (95% CI) aOR (95% CI)

Overall1      

   0 1.00 (reference) 1.00 (reference)  1.00 (reference) 1.00 (reference)

   1 2.10 (2.01, 2.20) 1.68 (1.60, 1.77)  2.57 (2.39, 2.77) 1.89 (1.75, 2.04)

   2 3.18 (3.01, 3.37) 2.07 (1.95, 2.20)  4.40 (4.06, 4.77) 2.51 (2.30, 2.73)

   ≥3 3.95 (3.66, 4.26) 2.40 (2.22, 2.60) 6.56 (5.96, 7.21) 3.49 (3.15, 3.86)

   p-trend2 <0.001 <0.001  <0.001 <0.001

Men3      

   0 1.00 (reference) 1.00 (reference)  1.00 (reference) 1.00 (reference)

   1 1.95 (1.84, 2.07) 1.59 (1.50, 1.69)  2.30 (2.11, 2.51) 1.74 (1.59, 1.91)

   2 2.74 (2.54, 2.95) 1.83 (1.69, 1.98)  3.58 (3.24, 3.95) 2.12 (1.91, 2.35)

   ≥3 3.29 (2.96, 3.65) 2.00 (1.80, 2.23)  5.13 (4.54, 5.81) 2.75 (2.42, 3.14)

   p-trend2 <0.001 <0.001  <0.001 <0.001

Women3      

   0 1.00 (reference) 1.00 (reference)  1.00 (reference) 1.00 (reference)

   1 2.46 (2.28, 2.66) 1.88 (1.73, 2.04)  3.57 (3.09, 4.13) 2.43 (2.09, 2.83)

   2 4.28 (3.90, 4.69) 2.55 (2.31, 2.81)  7.50 (6.45, 8.72) 3.72 (3.17, 4.36)

   ≥3 5.67 (5.07, 6.34) 3.04 (2.70, 3.43)  12.14 (10.33, 14.26) 5.42 (4.57, 6.44)

   p-trend2 <0.001 <0.001  <0.001 <0.001

OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio.
1Adjusted analysis by age, sex, and smoking status.
2Test for trend of OR.
3Adjusted analysis by age and smoking status.

Figure 1. Marginal effects of age (in years) and number of comorbidities on the probabilities of (A) pneumonia or (B) death in 
the Mexican population with coronavirus disease 2019 (COVID-19).
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has been postulated that the development and severity of 
pneumonia may be influenced by the use of antihypertensive 
medication, commonly prescribed to patients with HBP and 
diabetes. These medications may lead to elevated lung tissue 
concentrations of angiotensin-converting enzyme 2, which 
acts as the receptor for the entry of SARS-CoV-2 [16,17]. How-
ever, other authors have reported that elevated angiotensin-
converting enzyme 2 levels are not associated with an in-
creased risk of pneumonia [18]. This suggests the need for fur-
ther study of the influence of chronic conditions on the devel-
opment of COVID-19.

Regarding multimorbidity and pneumonia in patients with 
COVID-19, the probability of developing pneumonia was found 
to increase as the number of chronic conditions increased. CO-
VID-19 patients with comorbidities have been reported to ex-
hibit a worse response to treatment than patients without co-
morbidities [19]. HBP and respiratory and CVDs are associated 
with a relatively severe presentation of COVID-19, including the 
development of pneumonia [20-22]. Likewise, greater patient 
age is associated with the development of pneumonia and the 
severe presentation of COVID-19 [23]. The presence of multi-
morbidity among adults (particularly older adults) impacts the 
physical and mental health of this group, particularly in low-
income and middle-income countries [24]. This affects the re-
sponse capacity to treatment in these patients.

An association was found between the presence of chronic 
conditions and death in patients with COVID-19. In China, a 
higher frequency of COVID-19 infection and a greater lethality 
of the disease have been reported among patients with HBP 
[4,13,20,24]. Diabetes has also been described as one of the 
most common chronic conditions in patients with COVID-19, 
especially among those in the intensive care unit or with se-
vere forms of the disease [12,19,25]. Obesity is another chronic 
condition associated with increased mortality risk due to chal-
lenges in the management of obese patients in relation to po-
sitioning, mobilization, and intubation [26,27]. Regarding im-
munosuppression, the host immunological response to SARS-
CoV-2 infection and its relationship with the pathophysiology 
and prognosis of the disease is still under study [28,29]. It has 
been reported that patients with COPD have an increased risk 
of developing severe forms of illness, possibly due to altera-
tions in the inflammatory response, immunological and mi-
crobiome imbalances, and the use of corticosteroids, among 
other factors [30]. Chronic kidney disease has also been de-
scribed as a chronic condition associated with a greater risk of 

severe manifestation of COVID-19 and death [8,31,32].
With respect to the relationship between multimorbidity 

and death in patients with COVID-19, an incrementally higher 
probability of death was observed among patients with more 
chronic conditions. The prevalence of multimorbidity increases 
with age [33]. In addition, it has been reported that older 
adults who have 2 or more comorbidities have a higher mor-
tality rate than adults who do not [33,34]. The case series on 
COVID-19 published to date describe greater disease severity 
and a higher risk of death among older patients, particularly 
the most elderly [11,14]. In Mexico, the presence of multimor-
bidity in adults has been described as a predictor of quality of 
life and all-cause mortality [35]. Mexico has a significant bur-
den of disease due to chronic diseases; in 2016, 80% of deaths 
were attributable to chronic conditions [6]. This high rate of 
deaths due to chronic diseases corresponds to the high preva-
lence of chronic conditions in the Mexican population, among 
which 25.5% of individuals have HBP [7], and 28% of adults 
are obese [6]. Given that multimorbidity can increase the risk 
of death due to COVID-19, in countries like Mexico, which have 
a high burden of disease due to these conditions, it is neces-
sary to develop strategies to mitigate the spread of this dis-
ease in these population subgroups to decrease the impact of 
COVID-19 on health systems.

This study was not without limitations. The data analyzed 
were secondary in nature, and the accuracy of the data 
therefore, cannot be guaranteed. Additionally, the cases ana-
lyzed included only patients diagnosed with COVID-19 via 
RT-PCR, and thus, false-negative results of the RT-PCR test 
would not have been included in the analysis. In addition, 
bias may have been introduced insofar as the process of ob-
taining and handling of the sample influenced the results of 
the diagnostic test. Another possible source of bias stems 
from the fact that patients with asymptomatic or mildly 
symptomatic COVID-19 who did not seek medical attention 
would not have been included among the cases analyzed. 
Despite the limitations inherent to the information source, 
the use of a large dataset that includes all COVID-19 cases 
identified with molecular diagnostic tests and collected offi-
cially by the government of Mexico is useful for the initial 
study of the relationship between multimorbidity and COV-
ID-19, bearing in mind the high burden of disease due to 
chronic conditions in Mexico.

In conclusion, several chronic conditions are associated with 
the development of pneumonia and death in Mexican patients 



Akram Hernández-Vásquez, et al.

218

with COVID-19. Additionally, an increase in the number of si-
multaneous chronic conditions was found to be associated 
with increased risk of pneumonia and death among these pa-
tients. These findings may be useful in the effort by decision-
makers to develop strategies to prevent COVID-19 in vulnera-
ble subgroups, such as people with comorbidities. According 
to reports from different sources, patients with chronic condi-
tions have a greater risk of COVID-19 than patients without 
such conditions. Hence, additional research is necessary to un-
derstand and deepen the study of the pathophysiological pro-
cesses that determine this association, and this research is par-
ticularly important due to the high burden of chronic disease 
in various Latin American countries, including Mexico.
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