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Abstract: Cardiovascular diseases (CVD's) continue as the primary cause of death worldwide. Dur-
ing the past couple of years, and with the surge of the COVID-19 pandemic, deaths linked to CVD'’s
were -slightly overshadowed by those deaths related to COVID-19, albeit during the highest peaks
of the pandemic. The present study derived form understanding the correlation between both dis-
eases, from the standpoint of patients already diagnosed with CVD’s (n = 41883) and what comor-
bidities had the highest influence on overall patient death (n = 3637).

Obesity, hypertension, and diabetes are all linked to worsening the outcome of COVID-19 positive
patients, hence they were considered when looking at the overview of all CVD positive patients.
Our finding showed that 1697 deaths were related to diabetes (p < 0.001), 987 deaths were related to
obesity (p < 0.001), and lastly 2499 deaths were attributed to hypertension (p < 0.001) individually.
Using logistic regression modeling, we found diabetes (OR: 1.744, p <0.001) and hypertension (OR:
2.179, p <0.001) had a high impact on patient deaths. Hence, having a CVD diagnosis, with hyper-
tension and/or diabetes seems to increase the likely-hood of complication leading to death in
COVID-19 positive patients.
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1. Introduction

The Metropolitan Area of the Valley of Mexico is the largest metropolitan area in
North America, and the most important economic, political, and social hub in the country.
It houses over 22 million people or roughly 20% of the country's total population [1].
Given the size and importance of the area, the federal government has devoted much of
the resources of the national health care system to tackle many public health issues. The
area is host to many of the Tier-1 national health care facilities in the nation, hence pro-
moting health-related tourism [2-5].

One of the biggest challenges the world has faced ever since the last century has been
the increase in mortality related to cardiovascular disease (CVD’s) [6,7], and Mexico has
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been no exception to these phenomena, particularly since the second half of the past cen-
tury [8]. To make things ever more hard pressing, since the beginning of the coronavirus
disease 2019 (COVID-19) pandemic, Mexico has been one of the most hard-hit countries
in the world, with an observed case-fatality ratio of 9% at its highest [9,10]. Fortunately,
as face-mask mandates came into effect, and new effective vaccines become available [11],
this percentage dropped to around 5.5%. Unfortunately, it is still double than the next
following country in case-fatality ratio (Indonesia with 2.6%) with about 253.8 deaths per
100,000 population [12]. Unsurprisingly, CVD’s and particular associated comorbidities,
such as hypertension, obesity, and diabetes, were early in the pandemic detected as linked
to high mortality [13,14]. One reason behind CVD’s high mortality during the COVID-19
pandemic is that hypertension, obesity, and diabetes, upregulate highly inflammatory
states in the individual, and as a result in combination with COVID-19 activate hyper-
inflammatory reactions, resulting in a potential dysregulation of the immune system [15].

During a severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection,
which gives rise to the COVID-19, the angiotensin-converting-enzyme 2 (ACE2) receptor;
expressed in many human tissues, including the lungs, heart, kidneys, liver, and nervous
system, play a crucial role in mediating viral entry [16]. ACE2 is the major regulator of the
renin—-angiotensin—aldosterone system, which aids as a homeostatic regulator of vascular
function [17]. Interestingly, a high increase of adipose tissue, as seen in patients with obe-
sity, seems to correlate with an imbalance of the renin—angiotensin—aldosterone system,
resulting in a final upregulation of angiotensin II [14,18]. Other studies have also shown
that ACE2 deficiency relates to reduce insulin secretion and islet fibrosis, ultimately ag-
gravating a diabetic state [17,19].

Primarily in the lungs, ACE2 converts angiotensin I into angiotensin II [20,21], which
further acts on the AT1 receptor further, leading to a proinflammatory cascade causing
inflammation, vasoconstriction, aldosterone release, and increasing oxidative stress [22].
This proinflammatory cascade, once aggravated, can promote endothelial dysfunction.
For the case of CVD’s and related comorbidities: obesity, diabetes, and hypertension, this
cascade becomes an exacerbated problem [15,23].

Through this study, we opted to analyze data from the collected COVID-19 pandemic
from early 2020, through the first trimester of 2022, obtained from the Mexico metropoli-
tan area health care system. Selecting for those patients positive for CVD’s and given par-
ticular attention to the vulnerable or at high-risk populations such as those affected by
comorbidities such as obesity, diabetes, and hypertension, as well as a COVID-19 diagno-
sis.

2. Materials and Methods

Publicly available data was obtained from the health care ministry of Mexico City,
which included > 5.5 million total entries, from 2020 to the first trimester (march) of 2022
[24]. First, we sorted the data for all individuals which were deemed as positive for CVD’s.
Our final count was 41882 individuals. Individual frequencies were next calculated for
gender (female / male), age groups, COVID-19 diagnosis (test results: positive / negative
/ unknown - untested), patient type (hospitalized / ambulatory), hypertension (yes / no /
not reported), diabetes, hypertension (yes / no / not reported), obesity hypertension (yes /
no / not reported), death (yes / no), and year (2020 / 2021 / 2022).

2.1. Deaths by patient type and diagnosis

For all CVD’s positive patients, death was taken as a critical variable. We recorded
death by year as it related to COVID-19 diagnosis. Next, we compared death to patient
type, and finally, comprehensively, we compared all 3.

2.2. COVID-19 and Death results by comorbidities

All CVD’s positive patients were then divided into COVID-19 diagnosis, and further
divided as they related to comorbidities in the following manner: hypertension/diabetes,
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hypertension/obesity, and obesity/diabetes. Next, similarly as with comorbidities, we cal-
culated only the subpopulation of death patients.

2.3. Age groups, gender and results
All CVD'’s positive patients, we divided for each individual comorbidity, patient type,
mortality, and COVID-19 diagnosis by age group and gender.

2.4. Chi-squared correlations and Binary logistic regression

For all CVD's positive patients, we did statistical correlations on each individual
comorbidity, as they related to death for each group. Next, we built a binary logistic re-
gression model to determine de amount of influence each comorbidity and a positive
COVID-19 diagnosis would have on CVD’s patients mortality. All statistical analyzes in-
cluding binary logistic regression, Pearson’s chi-squared and an R ratio of 0.05, were done
using IBM SPSS Statistics for Windows, version 23.0 (IBM Corp., Armonk, NY, USA). Par-
allel set was further made in RStudio v. 1.3.1093 with R v. 4.0.3. The following packages
were used: reshape2 v. 1.4.4, tidyverse v. 1.3.0, ggforce v. 0.3.3. These packages can be
downloaded from CRAN (https://cran.r-project.orgy/).

3. Results

Publicly obtained data from 2020 to the first trimester (march) of 2022 recorded > 5.5
million patient entries, which were then sorted for patients positive for CVD’s. The latter
group comprised 41882 entries with 3697 patient reported deaths, total female entries rep-
resented 51.8%, highest number of entries (n = 8691) were for individual ranging from 51
to 60 years (20.8%), with a close second (n = 8147) for older individual from 61 to 70 years
(19.5%). The total number of COVID-19 positive patients (n = 15363) represented 36.7%,
additionally ambulatory patients (n =32108) represented 76.3%. Regarding comorbidities,
19405 patients (46.3%) were positive for hypertension, moreover 11879 patients (28.4%)
were positive for diabetes, and 9612 patients (23%) were positive for obesity. Finally, while
2022 is still in course, during the first 2 years, there were a total of 34573 patients with
16565 patients in 2020 (48%), and 18008 patients in 2021 (52%). Data in Table 1.
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Table 1. Profile for CVD positive patients (n = 41883).

n %

Gend Female 21701 51.8%
eneer Male 20182 48.2%
0-17 2029 4.8%

18 -30 3797 9.1%

31-40 3957 9.4%

Age 41 -50 6205 14.8%
groups 51 -60 8691 20.8%
61-70 8147 19.5%

71-80 5779 13.8%

81 and more 3278 7.8%

Positive 15363 36.7%

COVID-19 Negative 24659 58.9%
Unknown / untested 1861 4.5%

Patient Type Ambulatory 32108 76.3%
Hospitalized 9974 23.7%

Yes 19405 46.3%

Hypertension No 22477 53.7%
Not reported 1 0.0%

Yes 11879 28.4%

Diabetic No 30003 71.6%
Not reported 1 0.0%

Yes 9612 23.0%

Obesity No 32270 77.0%
Not reported 1 0.0%

Yes 3637 8.7%
Death No 38246 91.3%
2020 16565 39.6%
Year 2021 18008 43.0%
2022* 7309 17.5%

*Data for the first trimester of 2022

We next recorded death, COVID-19 diagnosis, and patient type. Table 2 A. shows the
relation of CVD’s positive patients and a COVID-19 diagnosis by years. When we take
into consideration COVID-19 positive diagnosis, we can observe the average is around
73% through all the years recorded. Another interesting factor observed is the hospitali-
zation and its relation to mortality. Out of the total 3637 deaths, we observed only 255 in
ambulatory patients (Table 2 B). When we further analyze mortality, patient type, and
COVID-19 diagnosis, we confirmed the highest mortality in hospitalized patients; for
those (hospitalized) positive to COVID-19, there were 2373 cases, meanwhile for negative
to COVID-19 there were 790 cases. This was a striking difference as compared to ambula-
tory patients, where we recorded 168 cases in COVID-19 positive and only 58 cases in
COVID-19 negative, for unknown / untested patients there were 248 deaths (Table 2 C).
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Table 2A. COVID-19 diagnosis (Deaths by year).

Year Positive Negative Unknown/untested Total
n % n % n %
2020 1358 67% 494 24.40% 175 8.60% 2027
2021 1009 72.70% 311 22.40% 68 4.90% 1388
2022* 174 78.40% 43 19.40% 5 2.30% 222
*Data for the first trimester of 2022 3637
Table 2B. Patient Type (Deaths).
Death Yes No Total
n % n % o
Ambulatory 255 0.80% 31853 99.2 32108
Hospitalized 3382 34.60% 6392 65.40% 9774
Total 3637 38245 41882
Table 2C. COVID-19 Diagnosis/Patient Type (Deaths).
Death
COVID-19 Patient Type Yes No Total
n % n %
2373 49.68%
Hospitalized 4777
Positive ospriatize 2404 50.32%
’ Ambulat 168 1.59% 10586
m T
watory 10418 98.41%
790  18.41%
Hospitalized 4291
Negative ospriatize 3501 81.59%
v
58 0.28%
Ambulat 20368
mowarory 20310 99.72%
Unknown /
Untested All 248  13.30% 1612 86.67% 1860
Total 41882

Next, we related COVID-19 diagnosis to comorbidities (Tables 3 A-C, and Figure 1
by years), followed by the subset of patient death in a similar relation (Table 3 A.1-C.1).
We directly related comorbidities by pairs (hypertension / diabetes, hypertension / obe-
sity, and obesity / diabetes). Finally, we integrated deaths into COVID-19 diagnosis, and
all 3 comorbidities (Table 4 A, Figures 2 and 3). First, for COVID-19 positive diagnosis, the
relation of hypertension and diabetes was: 3691 cases were positive for both, 4108 cases
were positive only for hypertension, 1212 were positive only for diabetes and 6352 were
negative for both. When we looked at the death cases, we could clearly observe that hy-
pertension is an important factor as 949 cases were positive for both and 830 cases were
positive for hypertension only, meanwhile COVID-19 positive deaths with negative hy-
pertension showed 244 cases for diabetic patients and 518 cases for both negative. Next,
we continued using hypertension as the primary comorbidity, but now in relation to obe-
sity. For COVID-19 positive patients, 2462 cases were positive for both conditions, 5337
were only positive for hypertension, while 1393 were only positive for obesity, and 6171
were negative for both. When we look at mortality, we again saw higher cases of death as
compared to non-hypertensive individuals: 578 cases were positive for both conditions,
1201 cases were positive only for hypertension, 158 cases were only positive for obesity.
In an interesting turn of events, there were 604 cases for when both conditions were neg-
ative. It is important to take into consideration that these 604 are a combination of patients
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negative for both conditions and those with diabetes, which did not fall under any other
category. In order for us to continue exploring these cases, we next did the relation be-
tween obesity and diabetes. For COVID-19 positive patients, 1543 were positive for both
conditions, 2312 were only positive for obesity, 3360 were only positive for diabetes and
8148 were negative for both. Finally, when looking at deaths, obesity did not seem to have
as high influence as diabetes: 378 cases were positive for both conditions, 358 were only
positive for obesity, 815 cases were only positive for diabetes, and 990 cases were negative
for both conditions. Finally, we integrated all 3 comorbidities into the subpopulation of
death patients. From these results, we observed the highest mortality in the COVID-19
positive group, which was also positive for both diabetes and hypertension but negative
for obesity (n = 631). The next 2 groups with the highest mortalities were also positive for
COVID-19, negative for diabetes, negative for obesity; the group positive for hypertension
had 570 recorded deaths and the group negative for hypertension had 420 deaths. The
least number of deaths recorded overall were in the patients with all conditions negative
(n = 58). Interestingly, through the course of the pandemic, the use of personal protective
equipment, safe distancing, and newly developed vaccines have helped mediate the
deadly effects of COVID-19, therefore considering these measures took time to take full
effect we took the data from Table 4 A. and sub grouped it by year the relations of deaths
by individual comorbidities (Tables 4. A1-3). These results showed a steady drop in the
total number of deaths: in year 2020 the total number of deaths recorded was n = 2027,
from which the highest amount n = 315 were for COVID-19, diabetes, and hypertension,
remarkably the next high incidence was n = 312 for COVID-19 and hypertension. In year
2021, the total amount of deaths dropped to n=1388, over a 31% decrease from the previ-
ous year, and from which the highest incidence recorded was n = 262, was again for
COVID-19 positive patients, diabetes, and hypertension, moreover the second highest rec-
orded level of incidence n = 214, was COVID-19 positive patients and hypertension. For
the first trimester of 2022, the highest incidence was n = 54 for patients COVID-19, diabe-
tes, and hypertension positive, followed by n = 44 for COVID-19 and hypertension posi-
tive patients, results presented in Figure 1.
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Table 3 A.1 Death related to COVID-19

Table 3 A. COVID-19 (Hypertension / Diabetes) (Hypertension / Diabetes)
covip-19 | P piabetes covip-19 | P piabetes

tension n % Total tension n %  Total
Yes Yes 3691 47.33% 7799 Yes Yes 949 53.34% 1779

Positive No 4108 52.67% Positive No 830 46.66%
No Yes 1212 16.02% 7564 No Yes 244 32.02% 762

No 6352 83.98% No 518 67.98%
Yes Yes 4671 43.83% 10656 Yes Yes 310 55.66% 557

Negative No 5985 56.17% Negative No 247 44.34%
No Yes 1696 12.11% 14003 No Yes 76  26.12% 291

No 12307 87.89% No 215 73.88%
Unknown / All Yes 609 32.74% 1860 Unknown / All Yes 118 47.58% 248

Untested No 1251 67.26% Untested No 130 52.42%
Total 41882 Total 3637

Table 3 B.1 Death related to COVID-19

Table 3 B. COVID-19 (Hypertension / Obesity) (Hypertension / Obesity)
covip-19 | YPE™ opsesity covip-19 | P opesity

tension n % Total tension n %  Total
Yes Yes 2462 31.57% 7799 Yes Yes 578 32.49% 1779

Positive No 5337 68.43% Positive No 1201 67.51%
No Yes 1393 18.42% 7564 No Yes 158 20.73% 762

No 6171 81.58% No 604 79.27%
Yes Yes 3149 29.55% 10656 Ves Yes 164 29.44% 557

Negative No 7507 70.45% Negative No 393 70.56%
No Yes 2218 15.84% 14003 No Yes 46 15.81% 291

No 11785 84.16% No 245 84.19%
Unknown / All Yes 390 20.97% 1860 Unknown / All Yes 41 16.53% 248

Untested No 1470 79.03% Untested No 207 83.47%
Total 41882 Total 3637

Table 3 C.1. Death related to COVID-19 (Obesity /

Table 3 C. COVID-19 (Obesity/ Diabetes) Diabetes)
COVID-19 |Obesity Diabetes COVID-19 |Obesity Diabetes
n % Total n %  Total
Yes Yes 1543 40.03% 3855 Yes Yes 378 51.36% 736
Positive No 2312 59.97% Positive No 358 48.64%
No Yes 3360 29.20% 11508 No Yes 815 45.15% 1805
No 8148 70.80% No 990 54.85%
Yes Yes 1955 36.43% 5367 Yes Yes 118 56.19% 210
Negative No 3412 '63.57% Negative No 92 '43.81%
No Yes 4412 22.87% 19292 No Yes 268 42.01% 638
No 14880 '77.13% No 370 '57.99%
Unknown / All Yes 609 32.74% 1860 Unknown / All Yes 118 47.58% 248
Untested No 1251 67.26% Untested No 130 52.42%
Total 41882 Total 3637

To further show the influence of each individual comorbidity, and a positive diagno-
sis for COVID-19 to death, we did a binary logistic regression. Our results showed no
statistical correlation between obesity and death (p = 0.755). Meanwhile, a positive
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COVID-19 diagnosis showed the overall strongest correlation (p < 0.01, OR: 4.377), fol-
lowed by hypertension (p <0.01, OR: 2.179) and diabetes (p < 0.001, OR: 1.744).

DEATHS BY YEAR DEPENDENT ON COMORBIDITIES
2020 - 2022

2021 (r=1388) 2022 (n=222)

mCDHO w(CDH m(CDO (D mCHO w(CHO @w(0 mC mDHO mDHO mDO mD mHO mH m0 aNocom mUMUO sUMU

Figure 1. Deaths dependent on comorbidities 2020 — 2022 (first trimester). Individual labels
C=COVID-19, D=Dia*betes, H=Hypertension, O=Obesity, No com=No comorbidities, U/U=Un-
known/Untested.

A breakdown of the cases by comorbidity, COVID-19 diagnosis, and death was fur-
ther analyzed by gender and age group (Supplemental Table 1). We observed hyperten-
sion positive cases at its highest values for in both males and females between 51 to 60
years (f = 2187, m = 2270) and 61 to 70 (f = 2352, m = 2547), for diabetes positive cases the
highest values seen were for in both males and females between 51 to 60 years (f = 1416,
m = 1468) and 61 to 70 (f = 1608, m = 1775), for obese patients the highest cases observed
were in both males and females between 51 to 60 years (f = 1367, m = 1076) followed by
females 61 to 70 years (n = 1150). Previously, we observed that hospitalized patients con-
tributed to most deaths when we distributed them by age and gender the highest case
incidence were in males ages 51 to 60 years (n=993), both females and males 61 to 70 years
(f =906, m = 1399), and females and males 71 to 80 (f = 977, m = 1349). Interestingly, the
highest COVID-19 positive cases seen were in males 51 to 60 years (n = 1668) and males
61 to 70 years (n = 1768). Finally, the highest total death count recorded was in males ages
61 to 70 (n = 570), males aged 71 to 80 years (n = 655), and older males aged 81+ (n =459).
Finally, we correlated individual comorbidities to death, demonstrating high correlations,
as all 3 comorbidities had p-values of <0.01 (Supplemental Table 2). Parallel set visualiza-
tion of the data is shown in Figure 2. Figure 3 represents total deaths individually and
combined comorbidities by Venn diagram, as presented in Table 4A.
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Table 4 A. Total Deaths related to COVID-19 (Diabetes / Table 4 A.1 Total Deaths in 2020 related to COVID-19
Hypertension / Obesity) (Diabetes / Hypertension / Obesity)
H H
COVID-19 Diabetes| ' 'P¢' Obesity COVID-19 Diabetes| ' 'Po' Obesity
tension n % Total tension % Total
Yes 318 33.51% Yes 178 36.11%
Yes 949 Yes 493
Positive No 631766.49% bositive No 315 63.89%
No Yes 60 24.59% No Yes 35 26.92% .o
bositive No 184775.41% bositive No 957 73.08%
Yes 260 31.33% Yes 143 31.43%
Yes 830 Yes 455
Negative No 570768.67% Negative No 312768.57%
No Yes 98 18.92% No Yes 60 2143% .
No  420'81.08% No 220778.57%
Yes 101 32.58% Yes 64 33.51%
Yes 310 Yes 191
Positive No 209767.42% bositive No 1277 66.49%
No Yes 17 22.37% No Yes 8 17.78% o
Negative No 59 '77.63% Negative No 37 782.22%
vos  Yes 63 2551% os  Yes 41 3060%
Negati No 184 '74.49% Neati No 93 769.40%
egative - egative -
No Yes 29 1349% . No Yes 15 1210%
No 186'86.51% No 109787.90%
Unknown / Al All Yes 38 15.32% 5 Unknown / Al Al Yes 30 17.14% 175
Untested No 210 84.68% Untested No 145 82.86%
Total 3637 Total 2027
Table 4 A.2 Total Deaths in 2021 related to COVID-19 Table 4 A.3. Total Deaths in the first trimester of 2022
(Diabetes / Hypertension / Obesity) related to COVID-19 (Diabetes / Hypertension / Obesity)
H H
COVID-19 Diabetes| ' "P¢' Obesity COVID-19 Diabetes| ' "Po' Obesity
tension n % Total tension % Total
ves  Yes 123 31.95% oo Yes 17 23ea%
bosit No 262 68.05% bosit No 54 76.06%
osttive No Yes 22 21.78% osttive No Yes 3 23.08% .
bositi No 79 '78.22% bositi No 10 776.92%
osttive ves  Yes 1013206% .. osttive ves  Yes 16 2667%
Negative No 214767.94% Negative No 44 "73.33%
No Yes 32 1538% L. No Yes 6 2000%
No 176 '84.62% No 24 780.00%
Yes 35 31.82% Yes 2 22.22%
Yes 110 Yes 9
. No 75 '68.18% " No 7 "77.78%
Positive Positive
No Yes 8 3333% , No Yes 1 1429%
Negative No 16 '66.67% Negative No 6 "8571%
vos  Yes 19 2000% ves  Yes 3 1667%
Negative No 76 '80.00% Negative No 15 783.33%
No Yes 12 1463% No Yes 2 2222%
No 70 '85.37% No 7 "77.78%
Unknown / Al All Yes 11 16.18% 68 Unknown / Al Al Yes 0 0.00% 5
Untested No 57 83.82% Untested No 5 100.00%

Total 1388 Total 222
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Figure 2. Parallel set visualization of Total CVD's positive patients and different comorbidities, in-

cluding death.
Deaths
Diabetes Diabetes
184 59
631 60 209 17
318 101
570 260 98 184 63 29
Hypertension Obesity Hypertension Obesity
COVID-19 + COVID-19-

Figure 3. Diagrams of total deaths for CVD’s positive patients, divided by COVID-19 diagnosis with
values of comorbidities either individually or combined.
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4. Discussion

In a recent statement by the American Heart Association, there is mention that CVD’s
continues to be one of the most frequent cause of mortality worldwide [25]. In the US
alone, reports have shown that CVD’s account for the death of 1 person each 36 seconds
and for 1 in 3 death in women [26,27]. Given the recent COVID-19 pandemig, it is likely
that deaths attributed to COVID-19 during the highest peaks of the pandemic could have
overshadowed the mortality from CVD’s (including patients with related comorbidities).
Thankfully, the development and worldwide distribution of novel vaccines, vaccine ac-
ceptancy, safe distancing practices, and the overall better conscientization of the public,
has made mortality by COVID-19 diminished significantly [9,11,28-31]. For Mexico, this
has eventually resulted in a drop from the 9% COVID-19 case-fatality-ratio, at its highest,
to just above 5% [12].

Through this work, we have analyzed individuals confirmed to have CVD’s and
whom received ambulatory consultation, treatment, or were hospitalized in the Mexico
city metropolitan area. Importantly, the Mexico city metropolitan area roughly includes
20% of the total population of Mexico and it houses some of the most important reference
hospitals in the country. Hence, many individuals travel to Mexico to receive medical at-
tention [2-5]. Over the course of 2 years and 3 months, CVD's positive patients amounted
to 41882, with 51.8% of patients being female, and 3637 recorded deaths (38% female) or
8.68%, from which only 36.7% of these patients were positive for COVID-19 (Table 1).

Over the course of the COVID-19 pandemic, several studies have showed that CVD’s
positive patients are at higher risk of death, particularly when these include comorbidities
such as hypertension, obesity, and diabetes, making them particularly vulnerable groups
[13,18,32,33]. In a recent study, which included 46321 hospitalized individuals positive for
COVID-19 (with CVD’s), the mortality rates were found to be 4-times higher in patients
with comorbidities such as diabetes (OR: 2.41 p < 0.001) and hypertension (OR: 2.60 p <
0.001) [34]. Our study, focused on patients positive for CVD’s, finding similar trends for
both, diabetes (OR: 1.744, p < 0.001) and hypertension (OR: 2.179, p < 0.001), as well as
observing that 92% of deaths (n = 3382, Table 2 B) were in hospitalized patients, from
which n = 2393 were COVID-19 positive. We further ran chi-squared correlations deaths
for individual comorbidities contributions (Supplemental Table 2), we found that out of
the n=3637 deaths, n = 987 were attributed directly to obesity (p < 0.001), while n = 2499
were attributed to hypertension (p < 0.001), and n = 1697 related to diabetes (p < 0.001).
Interestingly, in our study, the total reported hospitalized patients (regardless of condi-
tion) were n = 9774, meaning that 34.6% of hospitalized patients died.

Table 5. Binary logistic regression analysis on death and comorbidities.

95% C.I. for OR

B Std error Wald gl  p(values) OR Inferior Superior
Diabetes 0.556 0.038 208.724 1 <0.001 1.744 1.617 1.880
Hypertension 0.779 0.040 369.788 1 <0.001 2.179 2.013 2.359
Obesity -0.013 0.041 0.097 1 0.755 0.987 0.910 1.070

Model summary: -2 log likelihood = 22019.540, Cox and Snell R square = 0.063, and Nagelkerke R square = 0.140.

An interesting observation was seen with the total number of deaths (Table 2 A and
Tables 3 and 4, A-C.1), which were the steady drop overtime, from 2020 to 2021 31% de-
crease. During COVID-19 pandemic, overall data has shown that COVID-19 vaccination,
have had a great impact on case reduction. Alongside this data, it is important to note that
since late December 2020, the Mexican government began massive efforts to vaccinate the
population, beginning with at risk population. In addition, official government reports
during late November 2021 showed that approximately 58% of the population in Mexico
had received at least one dose of vaccination [35]. As the global situation has felt more
eased in part by vaccine availability, vaccines alone are not the end-all solution, use of
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personal protective equipment and social distancing are crucial in stopping the infection
chain of COVID-19. Relaxing of these measures has given rise to emerging COVID-19 var-
iants [36]. More recently, as a new surge of COVID-19 infections have emerged in the
northeast part of the US. states such as New York and Massachusetts are on high alert
with reconsideration of face mask mandates [37]. A recent report commented that in sev-
eral countries where there were removal of COVID-19 restrictions, there have been sub-
sequent increases not only in overall cases but also in hospitalizations and deaths, albeit
case severity is still under investigation [38].

Finally, while CVD’s positive patients are an at risk population, particularly when
additional comorbidities are present. It is important to ponder the reverse question, are
post COVID-19 patients at risk for CVD’s? While this was not the focus of the current
study, a recent study by Al-Aly et al., showed that COVID-19 survivors regardeles of age
or race had an increase risk of developing CVD’s amphazising that physicians should
include COVID-19 diagnosis as part of history of CVD’s [39]. Interestingly, in inflam-
maory Heart Diseases were independently confirmed for a group of professional athle-
tes,just over half of the tested athletes have had a previous COVID-19 diagnosis, from this
individuals 45 showed either abnornal ECG’s and, or elevated Troponins were, which
caused concerned, hence restricting their play. We should note that long-tern follow-up is
ongoing [40]. In another study, about half of the 1216 participants form over 69 countries
(age 52 - 79), whom also had a prior COVID-19 diagnosis showed abnormal electrocardio-
graphy, their results showed left and right ventricular abnormalities in 479 (39%) and 397
(33%) patients, myocardial infarction in 36 (3%), myocarditis in 35 (3%), and takotsubo
cardiomyopathy in 19 (2%) [41].

Having a CVD diagnosis, particularly with comorbidities seems to increase the li-
kely-hood of complication leading to death in COVID-19 posiive patients. Meanwhile ha-
ving a COVID-19 diagnosis seems to increase the risk of developing CVD’s in the long-
run, while both conditions continue under investigation, individuals in general should
strive to pursue healthy lifestyles to reduce the potential of developing CVD’s, and take
preventive meassures such as the use of face-masks and vaccines in otder to minimie the
potential to get COVID-19. These prespectives are important to enhance the quality of life
in individuals and minimize any potential complication one could develop of these or
other related diseases.

5. Limitations

Understanding vulnerable populations is a multi-complex variable problem. Cur-
rently, we have centered our study to consider for the particular population of CVD’s
positive patients the relation to mortality based on 3 of the upmost important comorbidi-
ties (diabetes, hypertension, obesity) as determined by several studies, as well as the in-
fluence of COVID-19. Further analysis with other comorbidities, pharmacological intake,
social, economic, educational, and stress related factors (including religious beliefs),
should be done in order to help model risk factors in these and other vulnerable popula-
tions, as uncertainty for this pandemic and any future one is still at large.

6. Conclusions

Mexico was one of the most affected countries worldwide by the COVID-19 pan-
demic. Particularly, Mexico city was among the most affected cities in the country. Our
findings suggest that, while obesity does not seem to contribute significantly to CVD and
COVID-19 related mortality, both diabetes and hypertension seem to act as key contribu-
tors to CVD's positive patients mortality, when confronted with a positive COVID-19 di-
agnosis. It is essential for public health officials and policy makers to enhance medical
follow-up strategies for these particular vulnerable groups, as a punctual diagnosis and
pharmacological and non-pharmacological treatment for patients may act as protective
factors against COVID-19. Adittionally, evidence have shown that COVID-19 vaccination,
plays a crucial role in this particular populations for mortality reduction. Therefore,
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vaccination strategies should keep including these populations as a priority in order to
reduce mortality, as potential surges of COVID-19 (and its variations) may continue to
rise along the years to come.

Supplementary Materials:

e Supplemental Table 1 Individual comorbidities (hypertension, diabetes and obesity), Pa-
tient type, COVID-19 diagnosis, and death reported by gender and age

e  Supplemental Table 2 Individual comorbidities correlated to death in CVD’s patients
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