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Abstract

In face to the novel COVID-19 and the high mortality ratio associated with different comorbidities in Mexico (and elsewhere),
we identified the need to characterize the risk of regional population to COVID-19, exclusively as a result of their health status.
With data from the 2018 National Health and Nutrition Survey (ENSANUT), we have calculated a vulnerability index that includes
hypertension, diabetes, obesity, chronic renal insufficiency, smoking, and cardiovascular diseases, as well as age cohort and sex at
the municipal level. With the vulnerability index we calculated the population at risk and, in combination with hospitalization beds,
the population that can be effectively treated at each municipality. Although, COVID-19 has already hit Mexico, the index serves
as a planning policy tool to implement preventive actions on those vulnerable regions. We show that, given unhealthy habits, the
population at risk in Mexico is close to 78.2 million. Particularly, we observed that poor areas have less comorbidities than rich
areas. However, they also have poorer access to health infrastructure which diminishes municipalities’ resilience to COVID-19.
Furthermore, highly populated municipalities appear to have a higher vulnerability index.
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Resumen

Frente al nuevo coronavirus (SARS-CoV-2, COVID-19) y la alta tasa de mortalidad asociada a diferentes comorbilidades en Méxi-
co, identificamos la necesidad de caracterizar el riesgo de la poblacién a escala regional con respecto al COVID-19, como resultado
exclusivo de su estado de salud. Con datos de la Encuesta Nacional de Salud y Nutricién 2018 (ENSANUT), hemos calculado
un indice de vulnerabilidad que incluye hipertension, diabetes, obesidad, insuficiencia renal crénica, tabaquismo y enfermedades
cardiovasculares, asf como una clasificacién por rango de edad y sexo para todos los municipios de México (2,457). Con el indice
de vulnerabilidad se calcul6 la poblacién en riesgo y, en combinacion con las camas disponibles para hospitalizacién al inicio de
la pandemia, la poblacion que puede ser efectivamente tratada en cada municipio en un instante dado. Aunque el COVID-19 ya
ha afectado a México, el indice sirve como una herramienta de politica de planificacién para implementar acciones preventivas en
esas regiones vulnerables. Mostramos que, dados los hédbitos poco saludables, la poblacién en riesgo en México se acerca a los 78.2
millones. En particular, observamos que las dreas pobres tienen menos comorbilidades que las dreas ricas. Sin embargo, también
tienen un acceso mas deficiente a la infraestructura de salud, lo cual disminuye la resiliencia de los municipios al COVID-19. Ade-
mas, los municipios densamente poblados parecen tener un indice de vulnerabilidad mas alto.
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On December 31st, 2019, a cluster of pneumonia cases in
Wauhan, China, was reported due to a novel coronavirus (SARS-
CoV-2, COVID-19). By the following month (January 13th,
2020), the first COVID-19 case outside of China was confirmed.
Consequently, after a strong concern about the alarming spread
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and severity level of the novel virus, the World Health Orga-
nization decided to declare COVID-19 as a pandemic (WHO,
2020b).

Recent studies about COVID-19 patients, confirmed that
age is one of the major risk factors, increasing the mortality
rate in old patients (Arentz et al., 2020; Bedford et al., 2020;
Erdely, 2020b, 2020a; Guan et al., 2020; Stevens, 2020). Fur-
ther, different comorbidities proved to increase the risk, ergo the
death chances, in sick patients (X. Yang et al., 2020; Zhou et al.,
2020). The most common comorbidity has been hypertension,
followed by cardiovascular disease, diabetes, and chronic res-
piratory system disease (Bedford et al., 2020).

In many cases, researchers also found that patients that enter
the Intensive Care Unit (ICU) have more than one comorbidity
(Arentz et al., 2020; Bedford et al., 2020; Chen et al., 2020; D.
Wang et al., 2020; Erdely, 2020b, 2020a; J. Yang et al., 2020;
X. Yang et al., 2020; Zhou et al., 2020). In this sense, some co-
morbidities prove to be more dangerous than others. That is the
case of chronic obstructive pulmonary disease (COPD), which
has a higher hazard ratio than diabetes, followed by hyperten-
sion (Guan et al., 2020). Guan et al. (2020) also found a higher
hazard ratio in patients with two or more comorbidities than in
patients with one comorbidity.

The first COVID-19 case in Mexico was declared on Febru-
ary 28, 2020, from someone who has had contact with a COVID-
19-confirmed Italian case (country with 17,669 deaths by this
disease) (SSA, 2020c). To date, (August 28th, 2020), there are
536,620 confirmed cases with 58,481 deaths in Mexico (SSA,
2020c; WHO, 2020a). The first death in the country was a 41-
year-old man who had type 2 diabetes (a chronic non-communi-
cable disease)(SSA, 2020c, SALUD México, 2020).

Related to the above, Mexican authorities seem to be aware
that COVID-19 represents a big challenge given the health sta-
tus of the population and of the hospital infrastructure. For the
former, it is well known that overweight and obesity are a sub-
stantial public health issue in Mexico, which ranks worldwide
among the highest in obesity rate (Stevens et al., 2008; Pérez-
Salgado et al., 2012; Barquera et al., 2013; DiBonaventura et
al., 2018; OECD, 2019b). According to the OECD, 72.5%
of the population above 15 years old are overweight in Mex-
ico, with at least 15% reaching the category of obese (OECD,
2019b). The associated comorbidities that come with obesity in
Mexico are prediabetes, type 2 diabetes, hypertension and car-
diovascular disease (Stevens et al., 2008; DiBonaventura et al.,
2018; SSA, 2018).

Cardiovascular diseases are the main cause of annual mor-
tality (Rosas-Peralta and Attie, 2007), with approximately 141
thousand deaths for the year 2017, followed by diabetes melli-
tus (type 2) with 106.5 thousand (SSA, 2018). Historically, car-
diovascular disease is more frequent in men than in women, and
in people 45 years old and above (SSA, 2020d). On the other
hand, diabetes is more common among women, with deaths oc-
curring in patients as young as 25 years old. Patients under 15
years old die from cardiovascular disease mostly related to un-
healthy lifestyles (Cordova-Villalobos et al., 2008).

Campos-Nonato et al. (2013) highlighted hypertension as
a significant risk factor for patients with renal and cardiovas-
cular diseases, commonly resulting in death. In 2012, it was
estimated that 31.5% of young adults had hypertension in Mex-
ico (Campos-Nonato et al., 2013). Although renal disease is the
tenth cause of death in Mexico (13.8 thousand for 2018 (SSA,
2020d)), it is heavily related to different comorbidities such
as obesity, diabetes, hypertension and cardiovascular disease,
presenting a path-chain of diseases that ultimately reduces the
quality of life of individuals (Stevens et al., 2008). Out of this
path-chain, from 1994 to 2018, deaths by chronic obstructive
pulmonary disease have increased by a factor of three, reaching
23.4 thousand people (SSA, 2020d). This process has mostly
affected people above 45 years old, but especially men above
65 years old.

As the fourth largest country with obese people (OECD,
2019b), and the sixth country with type 2 diabetes in the world
(FID, 2019) and the largest among OECD countries (OMS,
2016; OECD, 2019a), Mexico presents a high-risk profile in
face to the novel COVID-19. On the other hand, contrary to Eu-
ropean countries where older adults are more abundant, Mex-
ico’s population is relatively young (Parant, 1990), which could
help to mitigate COVID-19 mortality.

The primary research objective of this work is to develop a
municipality-level risk index for Mexico, aiming at identifying
places with high vulnerability risk due to comorbidity’s popula-
tion and poor hospital infrastructure. The results could help to
better plan the use of resources and to improve current critical
care capacity.

2. Methods

2.1. Age cohorts, population, and sex

We retrieved population data classified by sex, municipality,
and age cohorts from the National Population Council (CONA-
PO) for the year 2018 (CONAPO, 2019). The available age
cohorts, in quintiles, were reclassified to match with the 2018
National Health and Nutrition Survey (ENSANUT)(INEGI and
INSP, 2019) and the COVID-19 cases reported by the Mex-
ican authorities for the time period between 28/02/2020 and
28/08/2020 (SSA, 2020c) (refer to Supplementary Information
(SI) Table 1).

As indicated in Reference 1, the age cohorts from CONAPO
were reclassified and grouped by a unique identifier, sex, and
age cohort adding up the population. ENSANUT age data is
available in months for children younger than 10-years old, and
in years for teenagers and adults older than 10 and 18-years old,
respectively. As such, we have added up groups of people based
on the age of each persona available in ENSANUT, following
the rules indicated in Reference 1. Finally, COVID-19 cases
reported by the Mexican authorities were reclassified following
the same rules represented in reference 1. This procedure al-
lowed us to harmonize three databases at the municipal level,
to name CONAPO, ENSANUT and COVID-19 cases with the
same age cohorts.
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Given that COVID-19 is more aggressive with older adults
(Erdely, 2020b, 2020a), we assumed that the risk of death in-
creases with age. As such with the age cohorts previously es-
tablished, we proceeded to assign each one of them a score (S,
meaning Age Score) following equation 1. This equation al-
lowed us to split one-hundred points, with a risk quota that de-
creases with age (refer to Supplementary Information Table 2).

(30

Se=T00

ey

With n equal to the index per age-cohort in decreasing for-
mat, equation 2, and S, as the score per age cohort.
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20t0 29 05
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Various authors (Bwire, 2020; Chen et al., 2020; Erdely,
2020b, 2020a) have reported that COVID-19 is more common
in males than females; this is the case in Mexico (SSA, 2020c).
The available data until 28/08/2020 shows that out of 537,031
sick people 53% were male, and 47% were female. We have
assumed that males have twice the risk of being sick than fe-
males, with a share of 2/3 of the cases and females of 1/3 (see
equation 3), where S ; means Sex Score.

Male 0.67
Ss :{ Female 0.33 &)

2.2. Comorbidities and comorbidity index

Based on the technical report presented daily by the Mex-
ican authorities, it was recovered that until 01/04/2020 (SSA,
2020c), hypertension (48.56%), diabetes (45.95%), obesity (40.
54%), chronic obstructive pulmonary disease (18.92%), chronic
renal insufficiency (16.22%), smoking (5.41%), cardiovascu-
lar disease (5.41%) and immunosuppression (5.41%) were the
most common comorbidities in COVID-19 deaths.

Considering this information, we have collected hyperten-
sion, diabetes, obesity, chronic renal insufficiency, smoking,
and cardiovascular disease data at the State level for year 2018
from the 2018 National Health and Nutrition Survey (NHNS)(I-
NEGI and INSP, 2019). Chronic obstructive pulmonary disease
and immunosuppression data were not available in any govern-
mental database, therefore these two comorbidities have been
excluded from the comorbidity and vulnerability index. We
have decided to proceed with the available data given that var-
ious authors have reported the most common comorbidities in
COVID-19 cases in Wuhan, China and Lombard Italy to be hy-
pertension, cardiovascular disease, type 2 diabetes and chronic
kidney disease (Grasselli et al., 2020; Guan et al., 2020; J. Yang
etal., 2020; T. Wang et al., 2020). Furthermore, we also consid-
ered the high levels of obesity and diabetes that Mexico presents
(Rtveladze et al., 2014; FID, 2019; OECD, 2019a).

For the selected comorbidities, we have constructed an indi-
vidual score ranging from zero to one, which was later used to
calculate the comorbidity C/ and vulnerability VI indices. Each
comorbidity score (S) was constructed per age cohort (j), sex
(k), chronic disease (/) and municipality (i) following equation
4.

n=7

Saj,k + Z Sj!k,[,,‘
Cliji = ——F—— @

In order to fill in the variables for each age cohort, sex, co-
morbidity, and municipality from equation 4, we have collected
data on chronic diseases from NHNS (INEGI and INSP, 2019).
In the case of kids from 0 to 9 years old, we have assumed that
people living in this age cohort do not present any comorbidity
in any municipality. Hence, the comorbidity scores were set to
Zero.

For teenagers between 10 to 19 years old, it was only fea-
sible to recover from NHNS smoking and obesity data at the
State level (INEGI and INSP, 2019). For the former, from the
available key-code catalog from NHNS, (refer to SI Table 3),
we filtered as non-smokers those that followed the rules repre-
sented in supporting equation (SE) 1 in SI. The resulting non-
smokers were subtracted from the available observations and
grouped by sex and State.

For non-obese teenagers, we applied the filtering rules avail-
able in supporting equation 2 in SI. These were also subtracted
from the available observations and grouped by sex and State.
For adults above 20 years old, comorbidities were filtered among
those that, in fact, have them and those that do not as reported
by the NHNS. For instance, comorbidities were cleared follow-
ing the rules described in supporting equations in SI, for non-
obese in SE 3; non-diabetic in SE 4; hypertensive in SE 5; car-
diovascular in SE 6; renal in SE 7; smoking in SE 8. Finally, all
comorbidities were grouped by age cohort, sex and State.

Once comorbidities were classified per age cohort and State,
the datasets were merged. People P with chronic diseases [ were
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downscaled from the State level & to the municipal i, per sex k
level, following equation 5.

Pkt = Py ji - %Pop_state_age 5)

where the population P with a given comorbidity / in h-
State, i-municipality, j-age cohort, and k-sex, equals the popu-
lation P of the same cohort j, sex k and State /& times the per-
centage of people in the same age cohort and sex at the given
State, equation 6.

Pk
2 Prjk

For each comorbidity descriptive statistics were calculated,
refer to Supplementary Information Table 4, based on age co-
hort and sex, reference 2.

Y Pop_state_age = (6)

Ref 2.
stats = Pj,k,l
n
u
stats= X
o

QUI1, QU2, QU3, QU4, QU5

We used the descriptive statistics, 0%, 25%, 50% (median),
75%, and 100% distribution of the population with a chronic
disease, to calculate the comorbidity score. As such, each entry
- state, municipality, age, and sex - was categorized with an
assigned score that depends on the descriptive statistics of given
comorbidity across municipalities in the country, equation 7.

0, Piji=0
0.25, P,"j’kJ > QUl and P,')j’k![< QU2
Slh,,‘,j’k = 05, Pi,j,k,l > QU2 and Pi,j,k,l< QU3 (7)
0.75, P,‘!_,',k,[ > QU3 and P,"j’k,1< Qu4
1, Pi,j,k,l > QU4 and Pi,j,k,l < QU5

The comorbidity index was finally calculated as the average
of the sum of the age cohort score plus the comorbidity score
(equation 4).

2.3. Vulnerability index and adjusted vulnerability index

The vulnerability index VI reflects the risk that a given mu-
nicipality faces COVID19, with regards to the status - age and
disease wise - of its population. As such, we have calculated it
as the weighted average of the score per sex and the comorbid-
ity index CI, on an age-cohort and municipality basis (equation
8).

n=7

DS se Chyija)
hii,j
Vi = ——— ®)
Z Ss

Additionally, we have calculated an adapted vulnerability
index VI-A, that reflects the access to health services by the
population of a given municipality, equation 9. Health services
access were collected from the National Council for the Evalu-
ation of Social Development Policy (CONEVAL)(CONEVAL,
2019) on a municipal, age, and sex basis. The age cohort clas-
sification followed the same criteria described above, in order
to match it with the comorbidities and age-municipality distri-
bution. Whereas the score was calculated following reference 2
and equation 7.

Vi +Shay; ;
VI—Ah,,:( hii,jk : hijik) ©)

2.4. Population at risk and access to infrastructure

From the Catalog of the Unique Code of Health Establish-
ments (CLUES) (SSA, 2020b), we recovered the number of
beds from private and public hospitals. Given that COVID-19
worst cases must be hospitalized, we have decided only to use
those beds ready for hospitalization. Hence, we have calculated
beds per thousand inhabitants as shown in equation 10.

POP;

1 ==
bx1000 Tot — bedsy,;

(10)

The total population of a given municipality i and State A,
that may be exposed to severe damage from COVID-19, results
from multiplying the vulnerability index VI by the population,
as shown in equation 11.

PARy; = VI;j- POPy; an

This population may or not have access to beds or hospi-
talization, given the current hospital infrastructure and medical
staff, ergo people that can be effectively treated is the result of
the population at risk PAR times the beds’ availability 5x1000
(equation 12). With PAI as the population with access to in-
frastructure per State 4 and municipality i.

PAI,; = PARy,; - bx1000y,; 12)

Finally, we proceeded to perform two Pearson correlation
analyses with effective COVID-19 cases, the vulnerability in-
dex and comorbidities at the municipal level. The first correla-
tion analysis was taking into account all COVID-19 cases and

Page 4



Terra Digitalis

Volume 4, Issue 2

the vulnerability index. Whereas, the second correlation anal-
ysis considered comorbidities in COVID-19 cases, in combina-
tion with the vulnerability index per municipality.

For the first correlation analysis, we normalized COVID-19
cases C with the population of each municipality i, as shown in
equation 13.

C;

POP; (13

Normalization — A; =
Whereas for the second normalization, we normalized present
comorbidities / in COVID-19 cases C, against the total COVID-
19 cases C per municipality i, as shown in equation 14.

Cii

C, (14)

Normalization — B; =

3. Results

We assembled a comorbidity index (CI) based on six chronic
diseases - hypertension, diabetes, obesity, chronic renal insuf-
ficiency, smoking and cardiovascular - in addition to the age
cohort the population belongs to. With the CI, we then put
in place a vulnerability and adjusted vulnerability indices, that
considered sex and access to health services, respectively, at the
municipal level.

We observed that the CI alone increased with age and was
similar among males and females. Once it was grouped by sex,
most of the time it was twice as much in males than in females,
which is ultimately related to the weight given to men, as a
risker profile in equation 3. Nevertheless, when the vulnera-
bility index (VI) was calculated, both males and females were
associated with similar values. An interactive version of the VI
map can be found here.

Our findings show that 449 municipalities present a VI be-
tween 0 and 0.2, 689 in the range of 0.2 to 0.4, with many mu-
nicipalities above 0.4 and below 0.6 (776), and only about 543
above 0.6 but below 0.8. When considering the adjusted vul-
nerability index, ~30% of the municipalities are between 0.4
and 0.6, with more than 50% of the municipalities in the range
of 0.4 to 0.6. The remaining 20% is distributed in the ranks 0.6
to 0.8 and 0.8 to 1 (supplementary figure 1 in SI).

Except for the States of Oaxaca, Yucatan, Sonora, and Chi-
huahua, all the states in the country are characterized by a high
count of municipalities with high VI. When the VI is adjusted
for access to health infrastructure, there is a clear increase in
vulnerability across all municipalities in the country, (Figures 1
and 2).

Disaggregating the information per sex and State, we can
observe that in the State of Mexico 5.7 million female (F) and
5.3 millon male (M) are in considerable risk, which are close
to 65% of the state population. Mexico City follows it with
3.1 (F) and 2.9 (M) million (67%-pop), and Veracruz lies in the
third place with 2.6 (F) and 2.4 (M) million (60%-pop).

As a whole, eight States (State of Mexico, Mexico City, Ve-
racruz, Jalisco, Puebla, Guanajuato, Chiapas, and Nuevo Leon)
that account for half the population in the country, present the
higher risks in face to COVID-19. Inversely, less populated
states such as Colima, Baja California Sur, Campeche, Tlax-
cala, and Nayarit show the lesser population in risk associated
with comorbidities (Figure 3).

In term of population at risk across the country, State of
Mexico shows the largest share (14%), followed by Mexico
City (7.8%), Jalisco (6.5%), Veracruz (6.4%), Guanajuato (5.2%)
and Puebla (4.9%) (supplementary Figure 2 in SI). We have cal-
culated available hospitalization beds per thousand inhabitants
(bx1000), per municipality and State (supplementary Figure 4
and supplementary table 1 in SI). It is important to note that,
perhaps, hospitalization beds will not be fully available for pa-
tients with COVID-19 alone.

Hence, considering available bx1000, it is possible to infer
that the distribution does not coincide with the most populous
States. The State (bx1000 | Total beds) with the highest bx1000
is Oaxaca (0.1432 | 2,870), followed by Puebla (0.0908 | 7,912),
Veracruz (0.0725 | 7,139), Michoacan (0.067 | 5,103) and State
of Mexico (0.06358 | 12,365). We observed that, although more
densely-populated states have many beds, such as Mexico City
(23,213) or State of Mexico (12,365), its coefficient is rather
low once it is shared with non-COVID patients among the citi-
zens (supplementary Figure 4 in SI).

With the population at risk given comorbidities, age cohort,
and sex in combination with the available beds per municipality,
we estimated the population that effectively has access to health
services (PAI). Mexico City can assist more patients (15,631),
followed by the State of Mexico with 8 thousand (k), Jalisco
with 6k, Puebla with 5k, and Veracruz with 4.5k. The States
that can assist fewer people are Zacatecas with capacity for only
652 inhabitants, followed by Baja California Sur (661), Colima
(718), Campeche (729), Nayarit (835), and Tlaxcala (853) (sup-
plementary Table 6 in SI).

Considering the adjusted vulnerability index the available
beds per municipality increase in Baja California to 24% (3,529),
Mexico City to 23% (19,149), Nuevo Leon to 21% (5,344),
Jalisco to 21% (7,495), Yucatan to 31% (2,143) and Durango
to 10% (1,617). Inversely, there is a reduction to 9% in Tlax-
cala (774), and 5% in Zacatecas (620). Assuming the hospital-
ization beds are fully available for COVID-19. The percentage
of beds in use changes in all states, oscillating between 60% to
80%, except for Oaxaca and Tlaxcala (supporting Figure 4 and
table 5 SI).

In Figure 5, it is possible to observe that the resulting corre-
lation analysis yielded a rather small positive correlation (0.24)
between the COVID-19 cases and the vulnerability index. The
low p-value, expresses that both variables are significant. The
same can be observed for the second correlation analysis in-
volving each comorbidity — included in the vulnerability index
— and the vulnerability index itself. Correlations were rather
small in all the cases with negative values for renal disease (-
0.035), obesity (-0.13), diabetes (-0.13), hypertension (-0.11)
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Figure 1: Vulnerability index at the municipal level in Mexico. CRS WGS84 in meters. Color classification is darker for lower vulnerability index, while lighter for
higher. Numbers on the map refer to State names in Mexico as catalogued by INEGI. / CRS WGS84 en metros. La clasificacion de color es mds oscura para un
indice de vulnerabilidad més bajo, mientras que mas clara para un indice de vulnerabilidad mas alto. Los niimeros en el mapa se refieren a los nombres de los
estados en México catalogados por el INEGI.
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Baja California Sur|11 j 19 |Nuevoleon 27 |Tabasco
Campeche 12 Guerrero 20 |Oaxaca 28 |Tamaulipas !
Coahuila 13 Hidalgo 21 |Puebla 29 [Tlaxcala
Colima 14 |salisco 22 |Queretaro 30 |Veracruz
Chiapas 15 Stateof Mexico 23 |Quintana Roo |31 |Yucatan
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Figure 2: Adjusted vulnerability index at the municipal level in Mexico. CRS WGS84 in meters. Color classification is darker for lower vulnerability index, while
lighter for higher. Numbers on the map refer to State names in Mexico as catalogued by INEGI. / CRS WGS84 en metros. La clasificacion de color es més oscura
para un indice de vulnerabilidad mds bajo, mientras que mds clara para un indice de vulnerabilidad mds alto. Los nimeros en el mapa se refieren a los nombres de

los estados en México catalogados por el INEGI.
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Mexico State
Mexico City
Veracruz
Jalisco
Puebla
Guanajuato
Chiapas
Nuevo Leén
Michoacdn
Oaxaca
Chihuahua
Guerrero
Tamaulipas
Baja California
Coahuila
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Hidalgo
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San Luis Potosi
Tabasco
Yucatdn
Querétaro
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0 5e+06
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Figure 3: Population per State and gender. Below in width bars is the population per State and gender, above with black edge is the population at risk per State and
gender. Gender classification follows color for both variables. / Las barras de abajo representan la poblacién por estado y género, las de arriba (con borde negro)
representan la poblacion en riesgo por estado y género. La clasificacién de género sigue el color para ambas variables.

and cardiovascular disease (-0.079); and only positive for smok-
ing (0.0039) (refer to supporting Figure 5 and supporting Table
8 for full detail).

Our findings show that Mexico faces a significant risk with
the COVID19 pandemic for various reasons. First, the high rate
of overweight among the population which in turn evolves into
obesity and different comorbidities. Second, the high levels of
type 2 diabetes that comes alone or in combination with obesity,
cardiovascular disease, hypertension, and in some cases chronic
renal insufficiency. These risk factors are partly decreased by
the high level of young people in the country. Nevertheless, if
trends continue along the same pattern, in the coming future all
these young inhabitants will put a burden on the health system
as a result of the different comorbidities (SSA, 2018; OECD,
2019b).

Our index could not take into account chronic obstructive
pulmonary disease and immunosuppression because they are
lacking at the municipal level. In this regard, the government
should pay attention to ensure the availability of these data for
future research on health, epidemiology, and pandemics.

4. Discussion

Knowing the vulnerability index, as well as the adjusted one
proposed here, could have helped municipalities in taking ac-
tion at an early stage of the pandemic. Checking these indexes
would have helped in developing precautionary actions to pro-
tect the local population, the health infrastructure system and

the medical staff. Nonetheless, municipalities still can make
use of the vulnerability index and the available datasets from
this work to put in place sanitary practices to deal with COVID-
19.

Furthermore, having access to health data — comorbidities
— at the municipal level is useful for a wide range of profes-
sionals. For instance, medical and policy practitioners could
observe what could be the need of medical equipment in the
near future, in order to attend the sick population. Teachers and
fathers can influence the alimentary habits that in the long-term
make their families less prone to sickness, such as type 2 dia-
betes.

With the vulnerability index we calculated the population
at risk given certain comorbidities across Mexico. By the end
of August (August 28th, 2020), only 536,620 people were sick,
and only about 58,481 had died. When this work was submitted
(April 14th, 2020), there were 2,785 confirmed cases with 141
deaths in the country. Although the increase in cases seems
scary over this four-month period, taking into account what the
vulnerability index considers as a vulnerable population (78.2
million), the outcome seems not too serious. Nevertheless, we
may have overestimated the vulnerable population given that
the index is unable to reflect if a single person has more than
one comorbidity, thus probably decreasing the number of sick
people per municipality.

The correlation analyses showed rather small values when
normalized effective COVID-19 cases were compared versus
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the vulnerability index and when each comorbidity was also
compared to the vulnerability index. In this respect we consider
that: i) the index may overestimate the population at risk in a
given municipality given the lack of comorbidities combination
among the population; and ii) there may be an underestima-
tion in the amount of positive COVID-19 cases, given the very
low number of tests applied in Mexico. In fact, it has been esti-
mated that the actual deaths related to COVID-19 may be nearly
four times those reported by Mexican authorities, with numbers
as high as 130,000 excess deaths in the country (Proyecto Li
et al., 2020). Taking into account only Mexico City, Romero
Zavala and Despeghel (2020) estimated that deaths are at least
112% higher than in 2019, for the same period that the pan-
demic has last (with a total count of 38,690 deaths — at least
66% of country-wide confirmed deaths).

With this exploratory analysis of comorbidities at the mu-
nicipal level, we would like to urge the authorities and the so-
ciety to rethink the way the Mexican population nurtures and
takes care of its health, since if the trend continues the burden
to the health system may be considerably heavy.

5. Conclusions

The vulnerability and adjusted vulnerability indices present-
ed in this work are useful in terms of assessing the danger of a
given municipality with regards to the associated risk that COV-
ID-19 poses on the local population from both a health-wise and
a health-infrastructure approaches.

Although the Government established a quarantine period,
in order to “flatten the contagious curve” (Anderson et al., 2020;
SEGOB, 2020) at an “early stage” of the pandemic, in some
areas this practice was not followed. Particularly people outside
large urban centers did not change too much their daily routines,
increasing the risk of getting sick and spreading the disease.
Nonetheless, people at the individual level followed patterns of
self-protection like wearing masks, washing their hands, and so
on, that in turn decreased considerably the share of sickness and
death.

With the vulnerability index and the assessment of comor-
bidities and health infrastructure at the municipal level, the gov-
ernment can identify burdens to the system in order to put in
place preventive actions, from a health and infrastructure point
of view. Within this line of action, the government set in place
the DN-III Plan overseen by the Military Forces (SSA, 2020a).
Even with this further increased capacity, the maximum peo-
ple the DN-III Plan could attend are close to 14,000 inhabitants
across the country. In total, the government would be able to at-
tend 104,404 people, assuming all medical resources and beds
are put into COVID-19.

Analyzing the available data released by the Mexican au-
thorities (SSA, 2020c) by 28/08/2020, we identified that rep-
resentative comorbidities in death patients were hypertension
(44.20%), diabetes (38.06%), obesity (24.53%), chronic ob-
structive pulmonary disease (4.73%), chronic renal insufficiency
(6.81%), smoking (7.98%), cardiovascular disease (5.30%) and

immunosuppression (2.54%). Except for obesity, chronic ob-
structive pulmonary disease, and chronic renal insufficiency the
percentages do not differ much from the available information
in April.

Finally, this study could be easily reproduced by scholars
from other countries. This would allow comparing comorbidi-
ties and vulnerability indices, serving as a tool for policy plan-
ning in face to COVID-19 or other future forthcoming pan-
demics.
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