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Highlights
e 71.1% of the sampled CVD population were aged 50 years or older.

. Cases and hospitalization rates increased, while death rates decreased.

. Prevalence of hypertension, diabetes, obesity, CKD, and COPD increased among CVD patients
after the pandemic.

e  Obesity is not a predictor of hospitalization in this CVD population. Hypertension, diabetes,
obesity, asthma, and COVID-19 are not predictors of post-pandemic mortality.

o 24.92% of CVD patients alive at the end had no comorbidities, and 50.41% were COVID-

negative with no comorbidities, hypertension, or diabetes.

Abstract: Objectives: To evaluate the prevalence, hospitalization rates, and mortality among patients with
cardiovascular diseases (CVD) and comorbidities one year after the lifting of pandemic measures in Mexico.
Methods: Clinical data from an open national public health database were divided into two timeframes:
pandemic (2020-2022) and post-pandemic (May 2023-May 2024), following the removal of COVID-19
countermeasures. Entries were categorized by age group and the presence of specific comorbidities, including
hypertension (HT), diabetes (DIAB), obesity (OBES), chronic obstructive pulmonary disease (COPD), chronic
kidney disease (CKD), asthma (AA), smoking (SMOKE), and COVID-19, as well as recorded deaths. Binary
regression analyses were performed to evaluate the impact of these comorbidities on the type of care provided
(hospitalization or ambulatory care) and their role as potential mortality predictors. Results: Approximately
seven out of ten CVD patients were aged 50 years or older. In the year following the pandemic, the rates of
cases and hospitalizations increased, while death rates decreased. Additionally, the prevalence of
comorbidities rose among all CVD patients. Although, obesity was not a significant predictor of hospitalization
in either period. Hypertension, diabetes, obesity, asthma, and COVID-19 were not associated with mortality in
the post-pandemic period. Conclusion: One year after the lifting of COVID-19 measures, cases,
hospitalizations, and comorbidities among CVD patients increased, while mortality declined. Obesity was no
longer a key determinant of care type, and HT, DIAB, OBES, AA, and COVID-19 ceased to predict mortality.
The post-pandemic rise in HT and DIAB cases likely results from both the physiological effects of infection and
indirect factors like lifestyle changes and healthcare disruptions. Notably, while hospitalizations have
increased, mortality has noticeably decreased, likely due to vaccination efforts, reduced viral virulence, and
diminished fear of COVID-19.
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CVDs have consistently held the position of the primary cause of comorbidity-related deaths in
Mexico. A position held for almost two decades until 2021, with the rise of the COVID-19
pandemic.[1-4]. Particularly, Mexico City, the urban metropolitan area with the largest population
in the country, representing approximately 20% of Mexico's overall population, witnessed
cardiovascular mortality rates varying from 18.1 to 20.1 per 10,000 individuals from 2022 to 2023, just
a year after the peak of the pandemic [3,4]. To make matters even worse, during the pandemic days,
Mexico experienced the worst health scenario possible related to CVDs; a condition exacerbated by
chronic inflammation, wherein deaths were around 9% for people suffering from this condition[5].

Unfortunately, for people suffering from CVDs, a potential infection from the circulating
variants of COVID-19 would aggravate their condition, as this potentially deadly combination would
intensify, it would lead to a hyper-inflammatory state [5-8]. The chances of death would increase in
people with additional hypertension and diabetes [9]. In our previous work, our research group
found that, from early 2020 to the first trimester of 2022, CVDs were a significant complicating factor
in individuals who tested positive to COVID-19, particularly in those previously diagnosed with
hypertension or diabetes [5], which are chronic conditions related to inflammatory processes [10].

As mentioned, Mexico experienced an overwhelming number of deaths from 2020 to 2022 [4].
Fortunately, there was a silver lighting as early on after the development of vaccines, Mexico began
great efforts to distribute them first to active healthcare workers followed by the general population,
hence this resulted in national mortality rate decrease and the return to pre-pandemic levels,
vaccination of the country was estimated to be over 95% of the population [11-13]. Considering the
latest official information from Mexico's Ministry of Health, as documented in the national public
health databases (last update: June 2024), we questioned, on the topic of CVDs, whether the patterns
observed in the past (from early 2020 through the first trimester of 2022) related to death and other
comorbidities such as diabetes, obesity, and hypertension remained consistent in the same trends
(from May 2023 to May 2024), or unveiled novel patterns [5], in just one year after the declaration of
the end of the pandemic in our country.

Methods

Description of Data Collection Methods

Data were collected from open public database “Datos Abiertos Bases Histéricas” from Mexico’s
General Directorate of Epidemiology (https://www.gob.mx/salud/documentos/datos-abiertos-bases-
historicas-direccion-general-de-epidemiologia) [14]. This database contains millions of entries from
the Mexican public health system over a 5-year period starting from 2020. Each clinical entry is tagged
with a randomized identifier that has been anonymized by health authorities in compliance with
Mexican privacy laws [15]. The dataset includes key features such as age, year of entry, gender, date
of death and several comorbidities, including major ones such as cardiovascular diseases (CVDs),
diabetes, hypertension, and chronic conditions like chronic kidney disease (CKD) and chronic
obstructive pulmonary disease (COPD). Our research team has taken advantage on this open public
database, while adapting the problem statement, depending on the comorbidities reported for each
sampled population [16-18].

Frequencies by Comorbidity Per Sampled Period

Clinical entries from 2020 to May 2024 were categorized into two periods: a) 2020-2022
(pandemic era) and b) 2023-2024 (post-pandemic era). We selected May 9th, 2023, as the starting point
for the post-pandemic entries since this is the date when the COVID-19 pandemic emergency was
declared over in Mexico by national health authorities [11].

After the division per periods, each entry was further categorized according to age groups, as
previously described [19], including only patients diagnosed with cardiovascular disease (CVD),
excluding without CVD were excluded. After sorting through all the individuals deemed to have
CVDs, we estimated a total count of 16,069 patients with this health condition.


https://www.gob.mx/salud/documentos/datos-abiertos-bases-historicas-direccion-general-de-epidemiologia
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The prevalence of CVD cases with comorbidities, including HT, DIAB, OBES, COPD, CKD, AA,
SMOKE, COVID-19, and/or Deaths, were also recorded. Once categorized, the data were analyzed to
assess trends in comorbidity prevalence over time.

After calculating the frequency of the different comorbidities, we further categorized the
population based on the type of healthcare they received, dividing them into hospitalized and
ambulatory, and whether they had specific comorbidities, such as hypertension, diabetes, obesity,
CKD, COPD, smoking, asthma, or COVID-19 (yes/no for each). The same categorization was applied
to assess the frequency of deaths in each selected comorbidity among CVD patients.

Binary Logistic Regression Analysis

The comorbidities and their relation to the type of health care received between periods
(pandemic vs. post-pandemic era), as well as the frequency of death, were analyzed through binary
logistic regression to determine the influence of each comorbidity on the type of care or their
association with mortality. Significant values (p<0.005) were established using SPSS Statistics (version
23.0) (IBM Corp., Armonk, NY, USA).

Results

Sociodemographic

Data from May 2023 to May 2024 were analyzed, revealing a total of 16,069 patients with a
cardiovascular condition in the post-pandemic period, following the lifting of restrictions in Mexico
(Table 1). Out of these individuals, 52.0% (n = 8,363) were described as female. Additionally, 71.1%
(n=11,443) of the population with this comorbidity were aged 50 years or older, and 8.6% were from
individuals aged 17 or younger. Also, 45.5% of the CVD patients went under hospitalization care,
though the mortality rate among this specific group was as low as 6.4%. Notably, COVID-19 remains
relevant, as it was present in 29.2% of death cases. During the pandemic period (2020-2022), an
average of approximately 13,960 patients with CVD was reported per year. In comparison, the
sampled post-pandemic period (2023-2024) recorded a total of 16,069 cases. This represents a nearly
1:1 ratio when the annual average from the pandemic period is used as a reference.

Table 1. Profile of patients diagnosed with CVDs during 2023-2024 (n= 16,069).

N %
Gender
Female 8,363 52.0
Male 7,726 48.0
Age groups
0-17 1,382 8.6
18 -30 796 49
31-40 927 5.8
41 -50 1,523 9.5
51-60 2,508 15.6
61-70 3,169 19.7
71-80 3,164 19.7
>80 2,602 16.2

Type of medical attention
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Ambulatory 8,763 54.5
Hospitalized 7,326 45.5
COVID-19
Positive 4,690 29.2
Negative 11,399 70.8
Hypertension
Yes 8,735 54.3
No 7,354 45.7
Diabetic
Yes 5,735 35.6
No 10,354 64.4
Obesity
Yes 3,796 23.6
No 12,293 76.4

Chronic Obstructive Pulmonary Disease

Yes 1,958 12.2
No 14,131 87.8
Chronic Kidney Disease

Yes 1,950 12.1
No 14,139 87.9
Smoking

Yes 1,801 11.2
No 14,288 88.8
Asthma

Yes 758 4.7
No 15,331 95.3
Death

Yes 1,036 6.4
No 15,053 93.6

Regarding comorbidities (Table 1), hypertension (HT) ranked first, as recorded in 54.3% of
patients. This was followed by diabetes (DIAB) with 35.6%, and obesity (OBES) present in 23.6% of
patients. Additionally, around 24.3% of CVD patients had some form of chronic disorder. Among
these, Chronic Obstructive Pulmonary Disease (COPD) was present in 12.2%, while chronic kidney
disease (CKD) affected 12.1% of patients. Additionally, 11.2% of the population were smokers. Lower
prevalence rates were observed for immunosuppression (6.6%), asthma (4.7%) and 2.6% were
admitted hospital for Intensive Care Unit (ICU) services.

The proportion of patients with an additional comorbidity alongside CVD increased in the
following period (Table 2). Among CVD patients, the three main prevalent comorbidities are HT,
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DIAB, and OBES, increasing in all cases their rates. Hypertension showed a 17.3% increase, rising
from 46.3% to 54.3% between periods. The prevalence of case among patients with had a 25.3%
increase change from 28.4% during the pandemic to 35.6% post-pandemic. Lastly, obesity rates had
a modest rise of 3.05%, increasing from 22.9% to 23.6%.

Table 2. Comorbidity prevalence by period (2020 — 2024).

Comorbidity Period %Yes %No
Hypertension 2020-2022 19,404 (46.3%) 22,477 (53.7%)
2023-2024 8,735 (54.3%) 7,354 (45.7%)
Diabetes 2020-2022 11,878 (28.4%) 30,003 (71.6%)
2023-2024 5,735 (35.6%) 10,354 (64.4%)
Obesity 2020-2022 9,611 (22.9%) 32,270 (77.1%)
2023-2024 3,796 (23.6%) 12,293 (76.4%)
CKD 2020-2022 3,411 (8.1%) 38,471 (91.9%)
2023-2024 1,950 (12.1%) 14,139 (87.9%)
COPD 2020-2022 2,808 (6.7%) 39,074 (93.3%)
2023-2024 1,958 (12.2%) 14,131 (87.8%)
Smoking 2020-2022 5,806 (13.9%) 36,076 (86.1%)
2023-2024 1,801 (11.2%) 14,288 (88.8%)
Asthma 2020-2022 1,961 (4.7%) 39,921 (95.3%)
2023-2024 758 (4.7%) 15,331 (95.3%)
COVID-19 2020-2022 15,363 (36.7%) 26,518 (63.3%)
2023-2024 4,690 (29.2%) 11,399 (70.8%)
Deaths 2020-2022 3,637 (8.7%) 38,244 (91.3%)
2023-2024 1,036 (6.4%) 15,053 (93.6%)

Chronic conditions have also surged over recent years. CKD showed a 49.4% increase within
this population, rising from 8.1% during the pandemic to 12.1% today. COPD experienced the highest
increase at 89.5%, from 6.7% to 12.2%. Smoking rates, in contrast, decreased by 19.4%, falling from
13.9% to 11.2%, while asthma rates remained stable at 4.7% over the four-year study period.
Concerning COVID-19, today is no longer a significant issue, after the lifting of pandemic measures
in 2023, the proportion of cases with this malice had a decreased change of 20.4%, starting 36.7%
during the pandemic, currently at 29.2%.

Our findings, as indicated in the Table 3, except for OBES, all major comorbidities had
significantly higher prevalence rates among hospitalized patients than ambulatory ones. These trends
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slightly increased during the second period, suggesting that these comorbidities may elevate the
likelihood of hospitalization.

Table 3. Hospitalization and ambulatory care data by comorbidity per period (2020-2024).

Comorbidity = Period Care Type %Yes %No Chi-Squared P-value
Hypertension 2020-2022 Hospitalized 5,784 (59.2%) 3,990 (40.8%)
0.000
Ambulatory 13,621 (42.4%) 18,487 (57.6%)
20232024  Hospitalized 4,257 (58.1%) 3,069 (41.9%)
0.000
Ambulatory 4,478 (51.1%) 4,285 (48.9%)
Diabetes 2020-2022  Hospitalized 3,933 (40.2%) 5,841 (59.8%)
0.000
Ambulatory 7,946 (24.7%) 24,162 (75.3%)
2023-2024 Hospitalized 2,897 (39.5%) 4,429 (60.5%)
0.000
Ambulatory 2,838 (32.4%) 5,925 (67.6%)
Obesity 2020-2022  Hospitalized 2,306 (23.6%) 7,468 (76.4%)
0.086
Ambulatory 7,306 (22.8%) 24,802 (77.2%)
20232024  Hospitalized 1,716 (23.4%) 5,610 (76.6%)
0.654
Ambulatory 2,080 (23.7%) 6,683 (76.3%)
CKD 2020-2022  Hospitalized 1,491 (15.3%) 8,283 (84.7%)
0.000
Ambulatory 1,920 (6.0%) 30,188 (94.0%)
2023-2024  Hospitalized 1,168 (16.4%) 6,128 (83.6%)
0.000
Ambulatory 752 (8.6%) 8011 (91.4%)
COPD 2020-2022  Hospitalized 992 (10.1%) 8,782 (89.9%)
0.000
Ambulatory 1,816 (5.7%) 30,292 (94.3%)
20232024  Hospitalized 1,210 (16.5%) 6,116 (83.5%)
0.000
Ambulatory 748 (8.5%) 8,015 (91.5%)
Smoking 2020-2022  Hospitalized 1,520 (15.6%) 8,254 (84.4%)
0.000
Ambulatory 4,286 (13.3%) 27,822 (86.7%)
2023-2024  Hospitalized 953 (13.0%) 6,373 (87.0%)
0.000
Ambulatory 848 (9.7%) 7,915 (90.3%)
Asthma 2020-2022  Hospitalized 231 (2.4%) 9,543 (97.6%) 0.000
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Ambulatory 1,730 (5.4%) 30,378 (94.6%)
2023-2024  Hospitalized 260 (3.5%) 7,066 (96.5%)
0.000
Ambulatory 498 (5.7%) 8,265 (94.3%)
COVID-19 2020-2022 Hospitalized 4,777 (48.9%) 4,997 (51.5%)
0.000
Ambulatory 10,586 (33.0%) 21,522 (67.0%)
2023-2024 Hospitalized 1,451 (19.8%) 5,875 (80.2%)
0.000
Ambulatory 3,239 (37.0%) 5,524 (63.0%)

While SMOKE was more common among hospitalized patients, AA showed a stronger presence
among ambulatory patients rather than hospitalized ones. In contrast, OBES, unlike hypertension
and diabetes, showed no significant differences between hospitalized and ambulatory patients across
the sampled periods. Thus, OBES may not be considered as an effective predictor for hospitalization

risk in patients with CVDs.

During the first period (2020-2022), regarding deaths among populations with CVD (Table 4),
all comorbidities, including obesity, were significantly prevalent among deceased patients. However,
in the post-pandemic period, none of the major comorbidities, such as HT (p = 0.022), DIAB (p = 0.240),

and OBES (p = 0.185), showed a significant reduction in their overall presence. Furthermore, COVID-
19 (p = 0.043) remained common among deceased patients, although its influence on mortality
declined over time. This trend was also observed for AA, which, although uncommon, was still
present among CVD patients (p = 0.061).

Table 4. Analysis of Comorbidity and Death Status by Period (2020 —2024).

Comorbidity  Period Condition %Death (No) %Death (Yes) Chi-Squared P-value
Hypertension 2020-2022  No 21,339 (55.8%) 16,906 (44.2%)
0.000
Yes 1,138 (31.3%) 2,499 (68.7%)
20232024  No 6,916 (45.9%) 8,137 (54.1%)
0.022
Yes 438 (42.3%) 598 (57.7%)
Diabetes 20202022  No 28,063 (73.4%) 10,182 (26.6%)
0.000
Yes 1,940 (53.3%) 1,697 (46.7%)
2023-2024  No 9,705 (64.5%) 5,348 (35.5%)
0.240
Yes 649 (62.6%) 387 (37.4%)
Obesity 20202022  No 29,620 (77.4%) 8,625 (22.6%)
0.000
Yes 2,650 (72.9%) 987 (27.1%)
2023-2024  No 11,519 (76.5%) 3,534 (23.0%)
0.185
Yes 774 (74.7%) 262 (25.3%)
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CKD 2020-2022  No 35473 (922%) 2,998 (7.8%)
0.000
Yes 2,772 (813%) 639 (18.7%)
2023-2024  No 13,304 (94.1%) 835 (5.9%)
0.000
Yes 1,749 (89.7%) 201 (10.3%)
COPD 2020-2022  No 35,907 (91.9%) 3,167 (8.1%)
0.000
Yes 2338 (83.3%) 470 (16.7%)
2023-2024  No 13,324 (94.3%) 807 (5.7%)
0.000
Yes 1,729 (88.3%) 229 (11.7%)
Smoking 2020-2022  No 33,087 91.7%) 2,989 (8.3%)
0.000
Yes 5,158 (88.8%) 648 (11.2%)
20232024  No 13,409 (93.8%) 879 (6.2%)
0.000
Yes 1,644 (91.3%) 157 (8.7%)
Asthma 2020-2022  No 36,373 (91.1%) 3,548 (8.9%)
0.000
Yes 1,872 (955%) 89 (4.5%)
2023-2024  No 14,331 (935%) 1,000 (6.5%)
0.061
Yes 722 (95.3%) 36 (4.7%)
COVID-19 2020-2022  No 25,423 (959%) 1,096 (4.1%)
0.000
Yes 12,822 (835%) 2,541 (16.5%)
2023-2024  No 10,694 (93.8%) 705 (6.2%)
0.043
Yes 4,359 (92.9%) 331 (7.1%)

Concerning died CVD patients (Figure la), approximately 17.08% had no additional
comorbidities, making it the most frequent condition. Around 15.73% of total death cases involved
patients with both DIAB and HT, while 11.58% of death cases involved CVD patients with only HT,
representing the highest frequency for a single comorbidity. CVD patients with DIAB, HT, and OBES
as comorbidities, excluding COVID-19, accounted for approximately 10.04% of the population. To
date, these four conditions collectively were recorded around 54.44% of the deaths, excluding
COVID-19 as part of the top-tier comorbidities. Regarding the other single comorbidities, 3.67%
involved only DIAB and 2.51% for only OBES. Notably, 68.05% of the deceased population had no
COVID-19 record.

Concerning alive CVD patients (Figure 1b), approximately 24.92% of alive CVD patients had no
additional comorbidities, making this the most common condition. Following this, about 13.3% of the
alive patients had HT, which was the most prevalent comorbidity. Additionally, around 12.16% of
alive patients were diagnosed with both DIAB and HT. Together, these three conditions account for
approximately 50.41% of the total alive CVD population (n=15,051), all of them negative for COVID-
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19. Regarding this malice, it was not present in 71.04% of the alive population as well as absent in
four of the five major reported conditions.

Figure 1a. Deceased CVD patients.

C+/D+/H+/O- C+/D-/H+/0-

C-/D-/H-/O- C-/D-/H+/O-

C+/D+/H+/0O+ | C-/D+/H-/O-

C+/D-/H-/O-

C-/D+/H+/O- C-/D+/H+/0O+ C-/D-/H+/O+

Death COVID-19 (C) Diabetes (D) Hypertension (H) Obesity (O) Total (%)
+ + + + + 4.05
+ + + + - 7.72
+ + + - + 0.39
+ + + - - 2.70
+ + - + + 2.12
+ + - + - 7.72
+ + - - + 0.68
+ + - - - 6.56
+ - + + + 10.04
+ - + + - 15.73
+ - + - + 1.35
+ - + - - 3.67
+ - - + + 6.08
+ - - + - 11.58
+ - - - + 2.51
+ - - - - 17.08

Total 100

Figure 1b. Living CVD patients.
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C-/D-/H+/O-
C-/D-/H-/O | C+/D+/H

C-/D-/H+/0+

C+/D-/H+/0 |HYO%

C+/D+/H-/
C-/D-/H-/0- C-/D+/H+/O- C-/D+/H+/O+ C-/D+/H-/O- o-
Alive COVID-19 (C) Diabetes (DB)  Hypertension (HT) Obesity (O) Total (%)

+ + + + + 2.64
+ + + + - 4.87
+ + + - + 0.42
+ + + - - 1.75
+ + - + + 2.21
+ + - + - 6.13
+ + - - + 1.47
+ + - - - 9.47
+ - + + + 7.69
+ - + + - 12.16
+ - + - + 1.41
+ - + - - 4.03
+ - - + + 4.51
+ - - + - 13.34
+ - - - + 3.00
+ - - - - 24.92

Total 100%

Figure 1. Treemap chart highlighting the combinations of conditions among deceased (a) and living
(b) CVD patients in the Valley of Mexico. Most frequent comorbidity combinations are visually
emphasized, offering key insights into the predominant risk factors contributing to CVD mortality in
this population.

Discussions

Aging
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Our results indicated that approximately 71.1% of the population with CVD as a specific
comorbidity were aged 50 years and older (Table 1). According to national health surveys, commonly
reported comorbidities among individuals aged 53 years and above are HT, ranking first, followed
by DIAB, arthritis and cardiac complications [20]. As the aging process continues, oxidative stress
increases because of a rise in reactive oxygen species (ROS), which elevates the risk of frailty, obesity,
and diabetes. These chronic inflammatory conditions trigger an inflammatory cascade that
contributes to CVDs, including atrial fibrillation and heart failure [21]. Specifically, pro-inflammatory
cytokines such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), and interleukin-1p (IL-
1B) promote endothelial dysfunction and enhance the recruitment of immune cells, such as
macrophages and lymphocytes, into the vascular wall, which accelerates atherosclerosis
development [22-25]. These oxidative aging stressors contribute to mitochondrial dysfunction,
deregulated nutrient sensing, and cellular senescence, further aggravating arterial dysfunction. This
pro-inflammatory environment limits the bioavailability of nitric oxide, a critical, vasodilatory
molecule, thereby leading to endothelial dysfunction and increased arterial stiffness. Over time, these
molecular alterations promote the formation of unstable atherosclerotic plaques and increase the risk
of acute cardiovascular events like myocardial infarction and stroke. In this context, chronic
inflammation and oxidative stress work together, exacerbating the development of cardiovascular
diseases [26].

Hypertension and Diabetes

Regarding comorbidities, our findings enlighten that HT and DIAB worsen, passing from 46.3%
to 54.3% and 28.4% to 35.6%, respectively (Table 2). Regarding HT, literature states that people who
contract COVID-19 were 65% more prone for developing new-onset high blood pressure on those
who did not have COVID-19 previously: for instance, new-onset hypertension rates were recorded
in 9% in the people who had COVID-19 but only 5% in the group who did not [27]. This condition
likely occurs because SARS-CoV-2 binds to angiotensin-converting enzyme 2 (ACE-2), inducing a
cytokine storm that damages the endothelium. This damage leads to increased vascular contractility,
the formation of intravascular thrombi, and eventually triggers intravascular coagulation, further
complicating cardiovascular conditions [28]. This aligns with the global rise in permanent HT levels,
as trends remained steady for three years prior to the pandemic with only gradual increase [29].
However, national health statistics indicate that even before the pandemic, HT and DIAB cases had
been steadily increasing among populations aged 53-59 and 60 years and older in Mexico [20].

Regarding DIAB, studies have shown that infection with SARS-CoV-2 can directly affect glucose
metabolism, increasing insulin resistance and causing pancreatic dysfunction via direct depletion of
[ pancreatic cells [30,31]. In our population, considering the high prevalence of COVID-19 cases (and
asymptomatic infections), this 3 pancreatic cells damage may lead to new-onset hyperglycemia in
individuals without a prior diabetes diagnosis or worsen glycemic control in those with existing
diabetes.

Also, the pandemic showed a profound impact in terms of mobility and social interaction.
Lockdown and restricted mobility may have reduced opportunities for physical activity in an already
sedentary population [32]. For instance, some authors found that Mexicans increased around 271%
their time spent indoor during a pandemic peak by 2020 [33]. This inactivity along with high-calorie
intake during confinement contributes strongly to weight gain and insulin resistance development,
both critical risk factors for CVDs [34].

The fact that the COVID-19 pandemic had a significant impact in terms of mental health is a
well-studied phenomenon. Facing an agent unknown to man, new restrictions and confinement, as
well as witnessing a massive wave of deaths, were more than enough events to experience
unprecedented levels of stress and anxiety in the population. These factors have been linked to
metabolic changes and a higher risk of diabetes, as chronic stress elevates cortisol levels, promoting
hyperglycemia and contributing to insulin resistance [35].

Finally, disruptions in healthcare access due to the pandemic limited routine care for chronic
conditions such as diabetes. This restricted access may have worsened disease management in those
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already diagnosed with diabetes and delayed diagnosis in new cases, increasing the risk of
complications and mortality.

Obesity

Regarding obesity, we expected to observe a change in OBES rates within this population
“during” and “after” the pandemic, given the rise in physical inactivity, sedentary lifestyles, poor
eating habits, and mental health disorders such as depression and anxiety during the pandemic [36].
However, our results reveal that OBES rates remained steady in CVD patients, showing only a slight
increase of 0.7% between the 2020-2022 period (22.9%) and the 2023-2024 period (23.6%).

What caught our attention was the fact that on this CVD population, the obesity prevalence
(Table 2) is lower than the expected national obesity rate for the 2020s (36%-45% from 2018 to 2030),
despite Mexico lacking effective health programs to combat this issue [37]. Since this phenomenon
remained relatively steady in this population, we questioned whether patients with cardiovascular
comorbidities had adopted healthier habits to explain the trend. However, literature indicates that it
is common for CVD patients not changing their unhealthy lifestyle habits [38].

During pandemic conditions, having OBES was considered a significant mortality factor among
CVD patients [19]. However, while OBES rates have slightly increased, the results in Table 3 indicate
that it is no longer a marker of worsening health conditions, as it does not play a significant predictive
role for hospitalization in this conditioned population. Furthermore, as shown in Table 4, OBES is no
longer a mortality factor in this population according to binary regression models.

Interestingly, while obesity is a well-established comorbidity and a strong predictor of CVDs,
including heart failure (HF) and coronary heart disease (CHD) [39], our findings align more closely
with the "obesity paradox” model which suggests that once CVD develops, overweight and obese
individuals tend to have a better prognosis [40]. As noted by some authors, individuals with class I
obesity tend to have a more favorable prognosis when both obesity and HF or CHD are present,
compared to those with normal weight or underweight [39]. Observational studies have reported
that higher BMIs are associated with lower mortality risks compared to individuals classified as
having a healthy weight [41].

The reliance on body mass index (BMI) as the gold standard for determining overweight and
obesity during medical consultations has notable limitations [42] Strictly speaking, BMI measures
excess body weight rather than adiposity [42]. Although BMI is a useful tool for predicting CVD
mortality compared to other methods focused on adiposity [42], it does not accurately estimate body
fat percentage since BMI test cannot differentiate between adipose tissue, skeletal weight, and muscle
mass [40]. While overall obesity is often associated with abdominal obesity, individuals may be
classified as having overall obesity without abdominal obesity. This discrepancy can lead to the
underdiagnosis of CVD risk, as patients with excess fat may not meet the BMI-defined obesity
criteria. Some authors argue that this limitation in BMI assessment could contribute to
misclassification and the oversight of potential cardiovascular risks [43].

Chronic Kidney Disease (CKD)

CKD is usually characterized by patients showing an estimated globular filtration rate (eGFR)
in their kidneys less than 60 mL/min/1.73 m?, for around 3 months [44]. When the pandemic severely
hit, back on 2022 year, approximately four out of ten COVID-19 patients without acute kidney injuries
(AKIs) or had their AKI at stage 1, quickly progressed into stages 2 or 3 within 48 hours, indicating
the rapid deterioration of kidney function even in patients with relatively mild initial symptoms [45].

One year after the infection, individuals who recovered from hospitalization and later exhibited
long COVID-19 symptoms (aka post-long acute COVID syndrome) had decreased eGFR levels,
indicating a decline in their kidney function [46]. Thus, reduced eGEFR levels in patients with CKD
were a significant concern, as it was initially thought to indicate the potential for a kidney disease
pandemic [47]. By using this as rationale, we thought that the increasing of CKD prevalence during
post-pandemic period (8.1% as for 2022-2024 to 12.1% as by 2023-2024, Table 2), was a result of the
decreased lower level of eGFR detected in recovered patients in the post-pandemic stage. However,


https://doi.org/10.20944/preprints202412.0262.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 December 2024 d0i:10.20944/preprints202412.0262.v1

13

recent evaluations have shown that reduced eGFR levels do not necessarily signify progression to
long-term kidney sequelae [48].

Thus, what could be behind into the lately increasing of CKD cases among CVD patients? We
believe it is partially due to HT, as newly diagnosed patients tend to remain in the initial stages of
CKD for longer periods before progressing more rapidly [49], in other words, demands
hospitalization admission. This progression may explain why the number of CKD cases has
aggressively increased (8.1% as by 2020-2022 to 12.2% by 2023-2024, see Table 2) while hospitalization
rates have remained relatively steady as the hospitalization rates have shown only a slight increase
of 6.5% (15.3% as by 2020-2022 to 16.4% in 2023-2024, see Table 3). These trends suggest that CKD
patients are somewhat more prone to needing hospitalization in the post-pandemic period.
Additionally, COVID-19 is known to exacerbate cardiovascular and renal damage, particularly in this
patient population [50].

During the pandemic period, 6.0% of the population received ambulatory care for CKD. By the
post-pandemic period, this proportion increased to 8.6% (Table 3). Since Mexican healthcare efforts
prioritized managing COVID-19 during the pandemic, hospital resources were redirected, with
facilities undergoing reconversion to relocate people in COVID-19 cases. As a result, the treatment of
other conditions, such as CKD, was significantly affected, with CKD patients not receiving proper
hospital care during the pandemic stage [51].

This shift in priorities has likely contributed to delays in care, particularly for chronic conditions
like CKD, which typically require frequent hospital admissions [52]. The observed increase in the
proportion of ambulatory CKD care may reflect improved strategies for managing CKD patients
outside of hospital settings. Additionally, this change coincided with several protective factors: the
reduced virulence of concerning COVID-19 variants [53], widespread vaccine distribution, the
achievement of herd immunity thresholds [11], and evidence showing vaccinated individuals had
downregulated inflammatory markers compared to their unvaccinated counterparts [54].

These factors collectively helped reduce mortality rates as well, as seen in the post-pandemic
era, where CKD-related death proportions declined significantly (Table 4). During the pandemic
stage, CKD patients in stages 3-5 experienced significant fear of COVID-19 infection and worsening
symptoms [55]. This concern was well-founded, as mortality rates were disproportionately high
among CKD patients, particularly those requiring maintenance dialysis [50].

COPD, Smoking and Asthma

Regarding minor prevalent comorbidities, the prevalence of COPD was higher among
hospitalized patients compared to those receiving ambulatory care, increasing from 10.1% during the
pandemic period to 16.5% in the post-pandemic period.

COPD was significantly associated with hospitalization (Table 3) and strongly linked to
mortality (Table 4), with consistently higher death rates among patients with this comorbidity
compared to those without it. While the overall mortality rate for COPD decreased from 16.7% during
the 2020-2022 period to 11.7% in the 2023-2024 period, it remains a notable concern among
hospitalized patients.

The link between COPD and CVD is well-established, with COPD patients facing a higher risk
of death from cardiovascular issues (OR: 2-5), including ischemic heart disease, arrhythmias, heart
failure, and arterial diseases. Cardiovascular events are the primary cause of hospital admission in
CVD patients with COPD, with mortality rates ranging from 12% to 60%, depending on the analyzed
population [56]. Our findings suggest that the mortality rates in our sampled CVD population with
COPD fall between 11.7% and 16.7% (Table 4), which aligns with the general trends observed in the
literature.

Shared risk factors and biological pathways, such as aging-related mechanisms like arterial
stiffness (a potential predictive marker for CVD risk), elastin degradation, oxidative stress, hypoxia,
and COPD medications, contribute to the connection between COPD and CVD [56,57].

Regarding SMOKE, nicotine, a primary component of tobacco, has a well-established comorbid
relationship with renal function. It contributes to elevated blood pressure, which is particularly
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concerning for individuals with pre-existing renal diseases, as it exacerbates their condition.
Additionally, other substances in tobacco smoke can induce endothelial dysfunction, a contributing
factor to atherosclerosis, through the generation of reactive oxygen species (ROS). Moreover, SMOKE
can reduce the antioxidant activity of enzymes like superoxide dismutase and catalase in the kidneys,
further compounding renal damage [57].

Concerning asthmatic patients, the literature suggests that they are often associated with CVDs
due to shared immune system activation pathways. Both conditions demonstrate the upregulation of
mast cells, eosinophils, inflammatory cytokines, and immunoglobulin levels [58]. However, our
findings contradict this association, as asthma prevalence remained steady across periods (Table 2.
2020-2022: 4.7%; 2023-2024: 4.7%).

The relationship between CVDs and asthma remains inconclusive and contradictory. Some
studies argue that asthma and CVDs are not directly related but rather linked through subgroups
characterized by tobacco consumption and gender-specific factors, particularly in women [59].
Conversely, other research has found that asthmatic patients have significantly higher odds ratios for
developing cardiovascular issues such as ischemic heart disease (IHD) (1.27) and heart failure (HF)
(1.56). These studies suggest that asthma patients, particularly those with severe asthma, are more
likely to develop CVDs [60].

Our findings during the first period indicate that asthma was a predictor of mortality (Table 4).
This aligns with earlier literature, as during the initial stages of the COVID-19 pandemic, asthmatic
patients were considered high-risk due to the potential for respiratory viruses, including SARS-CoV-
2, to trigger asthma exacerbations. However, as the pandemic progressed, evidence revealed that
COVID-19 did not worsen asthma conditions as initially feared. Instead, asthma's impact appeared
more influenced by endotypes/phenotypes and associated comorbidities [61].

Interestingly, a higher proportion of asthma cases during the second period were ambulatory
rather than hospitalized, with significant differences between periods (p = 0.000) (Table 3). While
hospitalized asthma cases increased slightly (2020-2022: 2.4%; 2023-2024: 3.5%), suggesting a
possible trend in severity or healthcare patterns, asthma's mortality rate remained low and consistent
(2020-2022: 4.5%; 2023-2024: 4.7%). Notably, asthma was no longer significant among predictors of
mortality during the second period (Table 4).

Thus, what changed during the second period that led to asthma losing its relevance as a
predictor of death in asthmatic patients? While the proportion of asthmatic patients remained steady
across periods (Table 2) and the fact that fatalities attributable to asthma lost statistical significance
by the post-pandemic period (Table 4), we believe this decline in significance is partly attributable to
the excess deaths reported in Mexico during this first period, as recorded by national statistical
platforms. This excess mortality, indirectly related to COVID-19, occurred during 2020 — 2022 period,
time when the virus was highly virulent, and vaccines were not yet universally available [11].

COVID-19

COVID-19 seems to no longer be a significant risk factor in this post-pandemic era, as trends
(Table 2) show a decreasing trend in infection rates: during the pandemic, 36.7% of the sampled
population was affected by the virus, whereas in the post-pandemic era, it was present in 29.2% of
the population. Regarding hospitalizations, during pandemic, 48.9% of the sampled CVD population
with COVID-19 was hospitalized. As for today, the percentage of hospitalized CVD patients having
COVID-19 is around 19.8%, meaning a drastically 59.5% decrease change (Table 3). Same trends were
observed in COVID-19 death-related cases, as the decrease change was set in 56.9% (16.5% as by
pandemic period to 7.1% for the post-pandemic period, see Table 4).

Two factors largely contribute into this decline: a) Mexico implemented a successful national
COVID-19 vaccination campaign targeting vulnerable age groups, particularly older individuals [62],
which in global terms, significantly reduced their morbidity following vaccination [63] and, b) over
time, the virus has exhibited a decrease in virulence, resembling an 'intermittent virulence' model,
which is likely part of its evolutionary adaptation, favoring survival and transmission over killing
the host [53].
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We believe this hospitalization rise (Table 3) may be attributed by the fact that by mid-2020, time
in which pandemic was severely hitting Mexico, a poll revealed that 68% of the surveyed Mexicans
felt extremely insecure about being admitted to hospital [64]. At that time, there was a pervasive fear
of hospitalization among Mexicans, as many perceived hospitals as places where death was
inevitable. This perception was reinforced by alarming statistics —by August 2020, approximately
40% of patients admitted to hospitals in our sampled region — the Valley of Mexico — died [65].
Consequently, we believe this fear contributed to significant delays in receiving proper treatment for
other various health issues, including CVD patients.

Due to their chronic conditions, the number of patients with DIAB and HT - conditions that are
notably prevalent in our sampled population— seeking treatment in the major public state health
system significantly declined, by 22% and 17%, respectively [66], also during the initial phase of the
COVID-19 pandemic, there was a significant decrease in acute cardiovascular hospitalizations, and
admitted patients experienced shorter hospital stays [67]. This trend was not followed in patients
with CKD as their hospital admissions remains steady for reasons above described [52].

Additionally, mandatory confinement policies restricted social movement, particularly
impacting vulnerable populations, including those with CVD [68]. This concern is exacerbated
because Mexico had only 126,449 hospital beds available [69], with around 16,188 repurposed for
treating COVID-19 [66], thus lowering the hospital bed offering. While the surrounding states of
Mexico City had a bed occupancy rate of approximately 35% during a pandemic wave, the occupancy
rate in the Valley of Mexico was higher [70].

Culturally, many Mexicans tend to rely on self-medication for health management, often
resorting to over-the-counter medications such as analgesics, antibiotics, or herbal remedies before
seeking professional medical attention [71]. During the COVID-19 pandemic, this tendency was
further amplified: a survey conducted during the pandemic found that a third of the surveyed
population in northwestern Mexico consumed analgesics as a form of self-medication. Many
individuals viewed medical attention only if their health status worsened [72]. Thus, this suggests
that self-medication was a way of avoiding hospitalization. The tendency to use self-medication to
avoid hospitalization is not unique for the COVID-19 pandemic. Historically, similar behaviors were
observed during the 2009 HIN1 influenza pandemic [73], when Mexican often use self-medical
treatment rather than seeking formal medical care.

Regarding culture again, Mexican values are centered on family, leading caregivers to prioritize
family-based care over institutional care [74]. This cultural inclination suggests that numerous
individuals preferred staying with their families rather than seeking medical care during the
pandemic years. This preference may partially explain the decreased hospitalization rates during that
time, a trend that contrasts with our current circumstances, as we anticipated many people would
return to hospitals for necessary treatment — including CVD patients — as COVID-19 virulence
decreased and vaccines became widely available [11]. While we could not find direct reports
confirming a widespread increase in confidence in seeking hospital care in Mexico post-COVID-19,
studies on well-being and happiness indices can indirectly reflect public trust in healthcare. We
believe the rising hospitalization rate is partly explained because Mexico's happiness index improved
from 46th by 2022 [75] — at the time of our previous studies on CVD patients [17] — to 25th by 2024
[76] as improvements in life satisfaction often show greater confidence in health and security services.

Conclusions

The prevalence rates of various comorbidities among CVD patients were analyzed, with HT,
DIAB, and OBES identified as the most significant. However, in terms of hospitalization, OBES did
not play a significant role in CVD patients. While hospitalization rates increased in the post-pandemic
period, HT, DIAB, and OBES were no longer significant predictors of mortality. Additionally, minor
comorbidities such as asthma showed no statistical significance during this time. Factors such as the
lifting of COVID-19 restrictions in May 2023, widespread vaccine availability, and reduced virulence
of the virus contributed to a decline in fatalities despite increased hospitalizations. These protective
measures are crucial for vulnerable populations, particularly those with CVD.
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