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Background. Tt has been observed that subjects with comorbidities related to metabolic
syndrome (MetS) as hypertension, obesity, cardiovascular disease (CVD), and diabetes
mellitus (DM2) show severe cases and a higher mortality by COVID-19. To date, there is
little information available on the impact of the interaction between these comorbidities
in the risk of death by COVID-19.

Aim of the Study. To evaluate the impact of the combinations of MetS components in
overall survival (OS) and risk of death among COVID-19 patients.

Methods. Using public data of the Ministry of Health, suspected, and confirmed COVID-
19 cases from February 25-June 6, 2020 was analyzed. Mortality odds ratio (OR) was
calculated with a univariate analysis (95% CI) and attributable risk. Interactions between
components and survival curves were analyzed and a multivariate logistics regression
analysis was conducted.

Results. The analysis included 528,651 cases out of which 202,951 were confirmed for
COVID-19. Probabilities of OS among confirmed patients were 0.93, 0.89, 0.87, 0.86,
and 0.83 while the OR of multivariate analysis was 1.83 (1.77-1.89), 2.58 (2.48-2.69),
2.83 (2.66-3.01), and 3.36 (2.83-3.99) for zero, one, two, three, and four MetS compo-
nents, respectively. The combination with the highest risk was DM2 + hypertension at
2.22 (2.15-2.28), and the attributable risk for any component was 9.35% (9.21-9.49).
Only the combination obesity + CVD showed no significant interaction.

Conclusion. The presence of one MetS component doubles the risk of death by COVID-
19, which was higher among patients with DM2 + hypertension. Only obesity and CVD
do not interact significantly. © 2021 Instituto Mexicano del Seguro Social (IMSS).
Published by Elsevier Inc. All rights reserved.
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Introduction

In December 2019, a group of patients in Wuhan, China
showed pneumonia compatible with severe acute respi-
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ratory syndrome (SARS) due to a new zoonotic virus
called SARS-CoV-2 causing the COronaVirusDisease-19
(COVID-19) (1). SARS-CoV-2 is easily transmitted and
has suddenly spread so that the World Health Organization
(WHO) declared a pandemic by SARS-CoV-2 on March
11, 2020. By February 2021, there were around 100 mil-
lion confirmed cases and 2 million deaths by COVID-19
have been reported (2).
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Currently, over 50% of the total cases and deaths by
COVID-19 are found in The Americas. The cases reported
in Mexico account for around 2% of those worldwide and
4.5% of the cases in The Americas. In Mexico, the lethal-
ity of COVID-19 recorded in 2020 in confirmed patients
was 10.5% approximately and it lowered to 8.5% by 2021.
This value is among the highest according to international
records. WHO states that the mortality rate of COVID-19
is 139.14 deaths per 100,000 inhabitants, only below that
of Italy (157.51 per 100,000) and the United States (147.84
per 100,000) (2,3).

The COVID-19 pandemic coexists with another one
caused by metabolic alterations such as obesity and di-
abetes mellitus (DM2). In 2016, WHO reported 650 mil-
lion people with obesity (4). Furthermore, the International
Federation of Diabetes (IFD) indicated that 463 million
adults lived with diabetes in 2019 (5). In Mexico, the most
recent National Health and Nutrition survey (ENSANUT)
found that, in 2018, the prevalence of DM2, obesity, and
hypertension among Mexicans over 20 years of age was
10.3, 36.1, and 18.4%, respectively, representing at least
50 million people (6).

Metabolic syndrome (MetS) is a clinical entity that
increases the risk of developing cardiovascular diseases
(CVD) and DM2. It is characterized by metabolic, in-
flammatory, and prothrombotic abnormalities that clinically
manifest as abdominal obesity, hypertension, and dyslipi-
demia. There are different criteria to identify MetS, such as
ATP-IIT and those by WHO and IDF, that evaluate the pres-
ence of abdominal obesity (according to waist circumfer-
ence), dyslipidemia (triglycerides and HDL levels), hyper-
tension, and alterations in glucose metabolism (fasting glu-
cose level or presence of DM2) (7,8). MetS is a progressive
disease and has four stages of development: A, in which
people show certain risk factors (overweight, low physi-
cal activity, and racial susceptibility) of developing MetS;
B, in which one or two MetS components are present; C,
in which the diagnosis criteria for MetS are met; C, when
the diagnosis criteria for MetS are met according to WHO,
IDF, or ATP III but there is no damage in target organs;
and finally, in stage D patients with MetS show damage in
target organs, so MetS components are expressed in dis-
eases as obesity, DM2, hypertension, CVD, fatty liver, and
sleep apnea, among other comorbidities (9).

A high proportion of individuals can show combina-
tions of MetS comorbidities, leading to a high prevalence
of this condition among the Mexican population. An inter-
val from 13 (according to WHO criteria) to 56% (accord-
ing to IDF criteria) is reported for the general population
and, worryingly, it is 20% among children and adolescents
(10).

Around the world, these comorbidities have not only
been highly prevalent in COVID-19 patients but are also
factors of a worse prognosis (11). Obese patients with
COVID-19 show an increased risk of needing ICU care,

invasive mechanical ventilation, and mortality (12,13). Ad-
ditionally, the presence of hypertension and DM2 is linked
to a significant increase in the relative risk (RR) of se-
vere disease (14). In the Mexican population, the mortal-
ity odds ratio (OR) reported for severe COVID-19 is 1.87,
1.77, and 1.43 in the presence of DM2, hypertension, and
obesity, respectively, while the risk increases to 1.67 in
obese subjects over 50 years old (15). These studies do
not analyze RR of mortality by the combination of MetS
components.

Given the high lethality by COVID-19 in the Mexican
population and the high prevalence of comorbidities, as
MetS components, this work identified the probability of
overall survival (OS), OR attributable risk and component
interaction in the mortality of patients with COVID-19 as-
sociated to obesity, hypertension, DM2, and CVD, individ-
ually or in combination. The aim is to provide information
on the effect of these comorbidities in the outcome of the
infection by SARS-CoV-2 in the Mexican population.

Materials and Methods
Study Design, Data Collection, and Definitions

This is a retrospective, observational, and multicentric
study including 582,651 subjects who showed viral res-
piratory disease between February 28 and June 25, 2020
as recorded in the public database of the epidemiologi-
cal surveillance system (Sistema de Vigilancia Epidemi-
olégica de Enfermedades Respiratorias, SISVER) at Di-
reccion General de Epidemiologia de la Secretaria de
Salud de México (http://www.gob.mx/salud/documentos/
datos-abiertos-152127) (16). This is a free-access database
updated daily with all suspected COVID-19 cases. In Mex-
ico, during data collection, the operational definition of
suspected COVID-19 case included people of any age
showing at least two of the following symptoms: cough,
fever, and headache. In addition, they should present at
least one of the following: dyspnea, arthralgia, myalgia,
odynophagia, rhinorrhea, conjunctivitis, and chest pain.
Then, the diagnosis of COVID-19 was confirmed by a
polymerase chain reaction (PCR) test for SARS-CoV-2
performed by the institute of epidemiological diagnosis and
reference (Instituto de Diagndstico y Referencia Epidemi-
olégicos, InNDRE) or any laboratory of the national network
of public health laboratories (Red Nacional de Laborato-
rios de Salud Piblica, RNLSP).

Comorbidity records on the SISVER online platform
are determined by the patient’s self-report when receiving
medical attention and classified as present or absent. There
is no record of disease duration nor active treatments at the
time of registration. In consequence, the platform provides
no records of parameters as triglyceride and HDL levels,
fasting glucose, or abdominal circumference. This study
defines the presence of MetS according to the classifica-
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tion of stage D proposed by Sperling (9) in the presence
of clinical entities affecting organs (DM2 and CVD) or
components (obesity and hypertension).

Statistical Analysis

A frequency and percentage descriptive analysis of the cat-
egorical variables was carried out; median and interquartile
range of age were also reported. Mortality risk was evalu-
ated by calculating OR (exposed/non-exposed incidences),
95% confidence intervals (CI), and a univariate analysis
that considered adult age group with the least mortality,
and absence of MetS components as reference groups. We
calculated OR for total cases and confirmed COVID-19
patients.

A univariate analysis of RR and attributable risk was
carried out per MetS component, along with an analysis
of interaction between comorbidities. We assessed the im-
pact of the number of MetS components on OS, according
to the Kaplan—-Meier method and a log-rank test. Finally,
a multivariate logistic regression analysis adjusted to age
and sex was conducted for the total number of cases and
the group of confirmed patients. In all cases, p <0.05 was
considered statistically significant. Data were analyzed us-
ing SPSS version 23.

Results

This study included 528,651 total cases that met the op-
erational definition of viral respiratory disease; 202,951
(38.4%) tested positive and 262,117 (49.6%) were nega-
tive to PCR test for SARS-CoV-2. No confirmatory test
was obtained for 12% of the cases (63,583), which were
considered suspicious. The distribution of sex ratio in the
confirmed COVID-19 group was 54.8% male and 45.2%
female, while the median age was 45 years (interquartile
range 34-57 years) and lethality was 12.3%. The preva-
lence of DM2, hypertension, obesity, and CVD were 16.6,
20.2, 19.7, and 2.4%, respectively. In this same group,
59.7% of the subjects showed no components, but 25, 11.2,
3.3, and 0.3% showed one, two, three, and four MetS com-
ponents, respectively. These frequencies were higher with
respect to the groups of the total, negative, and suspicious
cases (Table 1).

In the univariate analysis, mortality OR by age range
and sex for age groups under 18, between 40 and 65,
and over 65 were 1.41 (1.27-1.57), 7.18 (6.88-7.50), and
31.74 (30.34-33.19) in the group of total patients. The OR
was 0.77 (0.62-0.95), 6.76 (6.51-7.12), and 25.16 in the
group of total patients and confirmed cases, respectively.
Mortality risk for men considering total cases was 1.88
(1.83-1.91) and 1.71 (1.66-1.76) for women in confirmed
cases. Regarding MetS components, mortality risk for the
total cases was 3.18 (3.05-3.27), 6.38 (6.19-6.58), 7.34
(7.00-7.69), and 9.19 (8.12-10.41) for one, two, three and

four comorbidities respectively, but always lower for con-
firmed cases at 2.69 (2.60-2.78), 5.05 (4.87-5.24), 5.69
(5.37-6.03), and 7.24 (6.14-8.53). In the total cases, the
mortality for identified MetS components were DM2 4.79
(4.68-4.91), hypertension 4.25 (4.15-4.35), obesity 1.62
(1.58-1.67), and CVD 3.22 (3.07-3.38). The same value
in confirmed cases was DM2 3.74 (3.63-3.85), hyperten-
sion 3.55 (3.45-3.65), obesity 1.43 (1.39-1.48), and CVD
2.48 (2.67-3.03). Since the presence of combined MetS
components was frequent, we calculated the mortality risk
for the different comorbidity combinations as follows for
total and confirmed cases respectively: DM2 and hyperten-
sion 5.02 (4.88-5.17), 3.98 (3.85-4.12); DM2 and obesity
3.32 (3.19-3.45), 2.61 (2.49-2.74); DM2 and CVD 4.46
(4.16-4.79), 3.86 (3.51-4.24); obesity and hypertension
2.86 (2.76-2.97), 2.44 (2.33-2.54); hypertension and CVD
4.13 (3.89—4.38), 3.59 (3.33-3.38); and obesity and CVD
3.42 (3.15-3.72), 3.01 (2.70-3.35). When the combination
included three components, representing diagnosed MetS,
results were: DM2, hypertension, and obesity 3.82 (3.64—
4.01), 3.02 (2.85-3.21); DM2, hypertension, and CVD
4.68 (4.32-5.06), 4.01 (3.61-4.46); obesity, hypertension,
and CVD 3.80 (3.63-3.99), 3.02 (2.84-3.19), and obesity,
DM2, and CVD 4.25 (3.79-4.77), 3.54 (3.05-4.12). Fi-
nally, when the four components were combined, OR were
4.55 (4.03-5.15) and 3.76 (3.19-4.43) (Table 2). Multivari-
ate analysis adjusted by age and sex were also confirma-
tory of this trend both in all suspected cases and in those
confirmed by PCR (Table 3).

Within the univariate analysis, we calculated the contri-
bution of the number of MetS components to COVID-19
lethality. The RR and attributable risks for one compo-
nent were 2.97 (2.94-2.99) and 6.36% (6.21-6.50); for
two components, 5.43 (5.41-5.46) and 14.32% (14.11-
14.53); for three components, 6.09 (6.06—6.13) and 16.46%
(16.12-16.79); for four components, 7.27 (7.17-7.37) and
20.25% (19.32-21.18); and for any component, 3.90 (3.87—
3.92) and 9.35% (9.21-9.49), respectively (Table 4).

Nearly all of the interactions between MetS compo-
nents were significant: obesity and DM2, p <0.001; obe-
sity and hypertension, p <0.001; DM2 and hyperten-
sion, p <0.001; DM2 and CVD, p <0.015; hypertension
and CVD, p <0.009; and only the combination obesity
and CVD showed no significant interaction (p=0.226)
(Table 5).

Subsequently, survival probability was calculated at 50
d, the period contemplating a wide range for death from
the beginning of symptoms (17,18) for all patients and
confirmed COVID-19 cases and based on the number of
MetS components. In the group of total patients showing
zero, one, two, three, and four MetS components, proba-
bility was 0.97, 0.95, 0.935, 0.927, and 0.92, respectively.
These same probabilities were 0.937, 0.89, 0.87, 0.86, and
0.84 in the confirmed COVID-19 cases (Figure 1).



Mortality by COVID-19 in Subjects with Metabolic Syndrome

Table 1. Demographic characteristics and prevalence of comorbidities
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Characteristic

Total (n =528 651)

Confirmed cases
(n=202 951)

Negative cases
(n=262 117)

Suspected cases
(n=63 583)

Female n (%)
Male n (%)

Age, years median
RIQ)

Death n (%)

DM2 n (%)
Hypertension n (%)
Obesity n (%)
CVD n (%)

CKD n (%)
Smoking n (%)
COPD n (%)
Asthma n (%)
MetS components
Prevalences

Cero, n (%)

One, n (%)

Two, n (%)

Three, n (%)
Four, n (%)

260 477 (49.3)
268 174 (50.7)
41 (31, 53)

33 596 (6.4)
66 047 (12.5)
86 251 (16.4)
86 339 (16.4)
12 047 (2.3)
10 605 (2.0)
45 043 (8.5)
8 667 (1.6)
17 025 (3.2)

352 902 (66.8)
112 743 (21.3)
45 867 (8.7)
13 289 (2.5)

1 414 (0.3)

91 652 (45.2)
111 299 (54.8)
45 (34, 57)

25 060 (12.3)
33 492 (16.6)
40 814 (20.2)
39 873 (19.7)
4802 (2.4)
4434 2.2)
15 877 (7.9)
3607 (1.8)
5610 (2.8)

121 176 (59.7)
50 673 (25.0)
22 679 (11.2)
6667 (3.3)
641 (0.3)

137 730 (52.5)
124 387 (47.5)
39 (29, 50)

6 570 (2.5)
24 740 (9.5)
35 057 (13.4)
36 461 (13.9)
5977 (2.3)
4974 (1.9)
24 388 (9.3)
4214 (1.6)
9689 (3.7)

188 852 (72)
48 978 (18.7)
17 673 (6.7)
5064 (1.9)
621 (0.2)

31 095 (48.9)
32 488 (51.1)
41 (31, 54)

1 966 (3.1)
7 815 (12.4)
10 380 (16.4)
10 005 (15.8)
1 268 (2.0)
1197 (1.9)
4 778 (7.6)
846 (1.3)
1726 2.7)

42 874 (67.4)
13 092 (20.6)
5515 (8.7)

1 558 (2.5)
152 (0.2)

DM2: diabetes mellitus 2; CVD: cardiovascular disease; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; MetS: metabolic
syndrome. RIQ: Interquartile Range.

Table 2. Univariate OR in total and confirmed cases

Total cases

Confirmed cases

Age group

<18 years

18-39 years (reference)
40-65 years

More 65 years

Sex

Female

Male

Components number of MetS

B WO = O

Componet MetS

DM2

Hypertension

Obesity

CVD

DM2+HAS

DM2+Obesity

DM2+CVD
Obesity+Hypertension
Hypertension+CVD
Obesity+CVD
DM2+Hypertension+ Obesity
DM2+Hypertension+ CVD
Obesity+Hypertension+ CVD
Obesity+DM2+CVD
Obesity+DM2+ hypertension+CVD

1.41 (1.27,1.57)
Reference

7.18 (6.88,7.50)
31.74 (30.34,33.19)

Reference
1.88 (1.83,1.91)

Reference

3.18 (3.09,3.27)
6.38 (6.19,6.58)
7.34 (7.00,7.69)
9.19 (8.12,10.41)

4.79 (4.68-4.91)
4.25 (4.15-4.35)
1.62 (1.58-1.67)
3.22 (3.07-3.38)
5.02 (4.88-5.17)
3.32 (3.19-3.45)
4.46 (4.16-4.79)
2.86 (2.76-2.97)
4.13 (3.89-4.38)
3.42 (3.15-3.72)
3.82 (3.64-4.01)
4.68 (4.32-5.06)
3.80 (3.63-3.99)
4.25 (3.79-4.77)
4.55 (4.03-5.15)

0.77 (0.62,0.95)
Reference

6.76 (6.51,7.12)
25.16

Reference
1.71 (1.66,1.76)

2.69 (2.60,2.78)
5.05 (4.87,5.24)
5.69 (5.37,6.03)
7.24 (6.14,8.53)

3.74 (3.63-3.85)
3.55 (3.45-3.65)
1.43 (1.39-1.48)
2.84 (2.67-3.03)
3.98 (3.85.4.12)
2.61 (2.49-2.74)
3.86 (3.51-4.24)
2.44 (2.33-2.54)
3.59 (3.33-3.38)
3.01 (2.70-3.35)
3.02 (2.85-3.21)
4.01 (3.61-4.46)
3.02 (2.84-3.19)
3.54 (3.05,4.12)
3.76 (3.19-4.43)
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Table 3. Attributable Risks for one, two, three, four or any components of metabolic syndrome

Number of Relative Risk (CI Attributable risk Number needed to
components of MetS 95%) (CI 95%) be exposed
One 2.97 (2.94,2.99) 6.36% (6.21,6.50) 16
Two 5.43 (5.41,5.46) 14.32% (14.11,14.53) 7
Three 6.09 (6.06,6.13) 16.46% (16.12,16.79) 6
Four 7.27 (7.17,7.37) 20.25% (19.32,21.18)
Any 3.90 (3.87,3.92) 9.35% (9.21,9.49) 11
Table 4. MetS components Interaction analysis

OR (95% CI) p p for interaction
OBESITY
Obesity by DM2 <0.001
No DM2 1.61 (1.54,1.68) <0.001
DM2 1.00 (0.94,1.05) 0.881
Obesity by hypertension <0.001
No hypertension 1.99 (1.91,2.07) <0.001
Hypertension 1.06 (1.01,1.12) 0.016
Obesity by CVD 0.226
No CVD 1.47 (1.42,1.51) <0.001
CVD 1.29 (1.12,1.48) <0.001
DM2
DM2 by obesity <0.001
No obesity 2.24 (2.16,2.32) <0.001
Obesity 1.64 (1.55,1.75) <0.001
DM2 by hypertension <0.001
No hypertension 2.15 (2.05,2.25) <0.001
Hypertension 1.57 (1.50,1.64) <0.001
DM2 by CVD 0.015
No CVD 2.14 (2.07,2.21) <0.001
CVD 1.49 (1.31,1.71) <0.001
HYPERTENSION
Hypertension by Obesity <0.001
No obesity 1.82 (1.76,1.89) <0.001
Obesity 1.52 (1.43,1.61) <0.001
Hypertension by DM2 <0.001
No DM2 1.62 (1.56,1.69) <0.001
DM2 1.32 (1.25,1.39) <0.001
Hypertension by CVD 0.009
No CVD 1.80 (1.74,1.86) <0.001
CVD 1.42 (1.23,1.65) <0.001
CVD
CVD by Obesity 0.226
No Obesity 1.36 (1.25,1.49) <0.001
Obesity 1.42 (1.26,1.60) <0.001
CVD by DM2 0.015
No DM2 1.42 (1.29,1.56) <0.001
DM2 1.17 (1.06,1.29) <0.001
CVD by Hypertension 0.009
No Hypertension 1.40 (1.24,1.59) <0.001
Hypertension 1.17 (1.08,1.28) <0.001

Age and gender adjusted OR.

Finally, given that these comorbidities are frequent in
older people, a multivariate analysis adjusted according to
age and sex was carried out. Mortality OR for one, two,
three, and four components regarding the reference value
for total cases were 1.99 (1.93-2.05), 2.83 (2.74-2.92),
3.09 (2.94-3.25), and 3.51 (3.09-4.00). For confirmed
COVID-19 cases, they were 1.83 (1.77-1.89), 2.58

(2.48-2.69), 2.83 (2.66-3.01), and 3.36 (2.83-3.99); for
identified components in all cases they were DM2 2.32
(3.02-3.13), hypertension 1.92 (1.87-1.97), obesity 1.51
(1.46-1.55), and CVD 1.47 (1.40-1.55); and for confirmed
cases they were DM2 2.09 (2.03-2.16), hypertension 1.82
(1.77-1.89), obesity 1.43 (1.38-1.48), and CVD 1.49
(1.39-1.60). When comorbidities were combined, OR for
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Table 5. Multivariate OR in total cases and confirmed cases
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Components number of MetS

Total Cases

Confirmed Cases

W= O

4

Componet MetS

DM2

Hypertension

Obesity

CVD

DM2+HAS

DM2-+Obesity

DM2+CVD
Obesity+Hypertension
Hypertension+CVD
Obesity+CVD
DM2+Hypertension+ Obesity
DM2-+Hypertension+ CVD
Obesity+Hypertension+ CVD
Obesity+DM2+-CVD
Obesity+DM2+ hypertension+CVD

Reference

1.99 (1.93,2.05)
2.83 (2.74,2.92)
3.09 (2.94,3.25)
3.51 (3.09,4.00)

2.32 (3.02,3.13)
1.92 (1.87,1.97)
1.51 (1.46,1.55)
1.47 (1.40,1.55)
2.069 (1.99,2.15)
2.00 (1.92,2.09)
1.70 (1.58,1.84)
1.73 (1.66,1.79)
1.55 (1.46,1.65)
1.75 (1.61,1.92)
2.06 (1.96,2.16)
1.73 (1.59,1.88)
1.84 (1.66,2.03)
1.95 (1.73,2.20)
2.05 (1.80,2.33)

1.83 (1.77,1.89)
2.58 (2.48,2.69)
2.83 (2.66,3.01)
3.36 (2.83,3.99)

2.09 (2.03,2.16)
1.82 (1.77,1.89)
1.43 (1.38,1.48)
1.49 (1.39,1.60)
2.22 (2.15,2.28)
1.82 (1.73,1.91)
1.82 (1.72,1.91)
1.66 (1.58,1.73)
1.63 (1.50,1.77)
1.79 (1.59,2.01)
1.90 (1.78,2.02)
1.84 (1.64,2.06)
1.88 (1.65,2.14)
1.97 (1.68,2.32)
2.07 (1.74,2.46)

total and confirmed cases were DM2 and hypertension 2.07
(1.99-2.15) and 2.22 (2.15-2.28); DM2 and obesity 2.00
(1.92-2.09) and 1.82 (1.73-1.91); DM2 and CVD 1.70
(1.58-1.84) and 1.82 (1.72-1.91); obesity and hyperten-
sion 1.73 (1.66-1.79) and 1.66 (1.58-1.73); hypertension
and CVD 1.55 (1.46-1.65) and 1.63 (1.50-1.77); obesity
and CVD 1.75 (1.61-1.92) and 1.79 (1.59-2.01) When
three components were combined, integrating a MetS
diagnosis, results were DM2, hypertension, and obesity
2.06 (1.96-2.16) and 1.90 (1.78-2.02); DM2, hyperten-
sion, and CVD 1.73 (1.59-1.88) and 1.84 (1.34-2.06);
obesity, hypertension, and CVD 1.84 (1.66-2.03) and 1.88
(1.65-2.14); obesity, DM2, and CVD 1.95 (1.73-2.20)
and 1.97 (1.68-2.32); finally, results of four components
combined were 2.05 (1.80-2.33) and 2.07 (1.74-2.46)
(Table 4 and Figure 2).

Discussion

The devastation caused by COVID-19 in humankind
has evidenced key factors to prioritize in public health.
Among them are actions leading to achieving an adequate
metabolic and nutritional state in the population, leaving
out the normalization of overweight and obesity. Mexico is
an example of the degree of vulnerability that MetS and its
components confer against the infection by SARS-CoV-2.

The results in this study prove that one MetS component
in COVID-19 patients nearly doubles the risk of death, as
compared against patients without MetS components. The
combination of DM2 and hypertension increases this risk
the most, regardless of age and sex. Furthermore, this study
provides information on the contribution to risk of lethality
by COVID-19 based on the number of MetS components

patients show. We proved that the combination of obesity,
DM2, hypertension, and CVD account for up to 60% of
lethality.

This study analyzed OS and risk of death, both in con-
firmed cases of COVID-19 and the total number of pa-
tients. This prevents the exclusion of false negatives and
patients who met the operational definition of viral respi-
ratory disease and whose samples were not taken or did
not meet the conditions for processing.

According to data from ENSANUT 2018, the preva-
lence of DM2 and hypertension in people over 20 years of
age is 10.3 and 18.4%, respectively, representing around
24 million Mexicans (6). The data in our study show that
any of the two comorbidities doubles the risk of mortal-
ity by COVID-19 with respect to the population without
them. When these comorbidities are combined, the OR for
the fatal outcome reaches 2.2 (2.15-2.28). Therefore, many
adults are exposed to the highest risk of lethality.

We compared the results in this study against the work
by Alamdari NH, et al. who also conducted a multivariate
analysis to calculate the risk of mortality in 157 Iranian pa-
tients with COVID-19 admitted to the ICU and classified
as not having and having MetS, including the number of
components shown. The authors found that the presence
of one and two MetS components conferred protection
against death by COVID-19 with OR of 0.52 (0.21-1.29)
and 0.53 (0.20-1.43) for one and two MetS components,
respectively (19). In contrast, the OR we obtained for the
same number of MetS components were 1.83 (1.77-1.89)
and 2.58 (2.66-3.01). This contrast in results is mostly
explained by the fact that Alamdari NH, et al. calculated
OR based on the presence of three MetS components while
our work was the absence of MetS components. In fact, the
OR reported by the authors in the presence of three and
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Figure 1. Kaplan-Meier survival curves at 50 d for each Metabolic Syn-
drome component. A. All cases included. B. COVID-19 confirmed cases.
Patients were stratified by the presence of cero, one, two, three and four
MetS components. Different scales in Y axis were used.

Number of components OR

None Reference

One 1.83 (1.77, 1.89) .

Two 2.58 (2.48, 2.69) [ |

Three 2.83 (2.67, 3.00) |

Four 3.36 (2.83, 3.99) —
05 1 15 2 25 3 35 4

Figure 2. Floret’s plot of probability of death in confirmed cases for
COVID-19 according to the number of components of MetS. OR (CI
95%) for number of components of metabolic syndrome in patients with
COVID-19 confirmed. Age and sex adjusted Multivariate analyses.

four components were 1.95 (0.99-3.82) and 5.70 (2.02—
16.08) while the OR in our population were 2.83 (2.66—
3.01) and 2.36 (2.83-3.99), respectively. In addition to the
reference used in the calculation of OR, Alamdari NH,
et al. used the ATP III criteria to diagnose MetS, but we
used stage D in Sperling’s classification. Other factors that
might create differences in OR are the difference in sam-
ple sizes, those in the combined prevalence of comorbidi-
ties, and, obviously, the interindividual biological differ-
ences of the population. However, we consider the differ-
ence in the comparison group makes the studies different.
Furthermore, Alamdari NH, et al. might be biased when
dismissing the contribution of the risk of mortality in the
presence of one or two MetS components. In contrast, our
work proves that one or two MetS components can double
the risk in COVID-19 patients.

Additionally, Maddaloni E, et al. calculated the OR of
different outcomes in a CoViDiab261 study of Italian pop-
ulation as follows: need for mechanical ventilation and ad-
mission to ICU or death in 354 COVID-19 patients with
DM2 and in the presence of another cardiometabolic co-
morbidity (hypertension, dyslipidemia, CVD, COPS, or tu-
moral disease. They also used a logistic regression model
adjusted according to age and sex. The study reported
an OR of mortality in COVID-19 patients of 1.3 (0.5-
3.10) and 2.8 (1-7.5) in the presence of DM2 and hy-
pertension, respectively (20). Contrastingly, the OR in the
present work were 2.09 (2.303-2.16) and 1.82 (1.77-1.89)
for the same comorbidities. In both studies, comparisons
were done against confirmed COVID-19 cases and zero
comorbidities. In this case, the presence of DM2 posed a
higher risk of death for the Mexican population than for
Italians, but the opposite was true in the case of hyperten-
sion. To explain these differences, further details would be
necessary on glycemic and blood pressure control in both
works. It has been proven that fasting glucose levels and
glycemic control in patients at the time of hospital admis-
sion are key in the outcome of COVID-19 patients. Higher
glycemia levels and a lower glycemic control are linked to
longer hospital stays and a higher mortality (21,22,23).

On the other hand, the study by Kammar-Garcia A,
et al. using Mexican population considered the presence of
individual and grouped comorbidities (24). The authors ob-
served a survival of 96.6% in the absence of comorbidities,
88.5% with one comorbidity, 81.8% with two comorbidi-
ties, and 73.7% in the presence of over three comorbidities.
The survival reported was lower than that in our results.
This could be the answer to the effect of other comor-
bidities (COPS, asthma, CKD, use of immunosuppressive
therapy) considered along with MetS components. Among
the MetS components linked to a higher risk of mortality,
they observed HR of 1.9 (1.8-2.2) for DM, 1.8 (1.6-2.1)
for obesity, 1.6 (1.5-1.8) for hypertension, and 1.3 (1.01-
1.6) for CVD. These results were lower than those ob-
tained in our analysis, likely due to the regression given
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that our study does not consider proportionality in time.
In the analysis of combined comorbidities, they obtained
a higher risk for all the combinations, except those related
to CVD. This could be because the multivariate model was
further adjusted to the presence of tobacco use and the time
from onset of symptoms to medical attention. In contrast,
we did not analyze the interaction with the combination of
three MetS components.

In another study by Bello-Chavolla OY, et al. con-
ducted using Mexican population, the authors observed
that DM and obesity are two factors of risk of death, as
observed in this work (25). This is especially important
since these two diseases are chronic and highly prevalent
among Mexicans. This study had some limitations regard-
ing possible non-differential classification since it origi-
nates from a secondary source of information, obtained
by self-reports. Since the information was obtained from
a secondary source, we were unable to obtain the BMI
and establish a diagnosis of obesity. On the other hand,
it should be noted that, given the type of epidemiological
surveillance for COVID-19, the most severe cases with the
worst prognosis might be overrepresented. Still, this study
also shows strengths, as having a large sample that al-
lowed for extracting association measures with precise in-
tervals, which agree with others observed in Mexicans. In
addition, we analyzed the interactions established between
MetS components, a phenomenon scarcely studied until
now. In our analysis we also dealt with risk attributable to
the presence of MetS components and their increase when
they are present in COVID-19 patients.

Conclusion

Among the Mexican population, the presence of one com-
ponent of MetS reduces the probability of survival by dou-
bling the risk of death by COVID-19. The risk is even
higher in patients who showed DM?2 and hypertension
while almost all combinations of components interact sig-
nificantly. All the actions leading to an improvement of
the population’s metabolic state will greatly contribute to
limiting the impact of COVID-19 in public health.
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