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Are homicides and robberies associated with
mortality due to COVID-19? Lessons from
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Abstract

Studies on the symbiosis of crime and COVID-19 have analyzed government-
mandated lockdown effects. However, it is unknown to what extent previous crime
rates determined a larger and more mortal spread of the pandemic. We study how
homicides and robberies in the pre-pandemic year of 2019 are associated with 2020
mortality rates due to COVID-19 in urban municipalities in Mexico. Considering
sex differentials in health, exposure to the virus and experiences of violence, we
study whether gender differences in mortality exist in 2020. Using publicly available
data on deaths due to COVID-19 provided by the Mexican Secretariat of Health,
along with a series of indicators to characterize local pre-pandemic conditions of
urban municipalities, we estimate a series of ordinary least squares (OLS) regression
models on age-standardized crude death rates (ASCDR) by sex. Findings show
that homicides—a proxy for criminal violence that might encourage people to stay
home—show significant negative associations with mortality rates. Comparatively,
robberies—a proxy of local violence and safety—were positively associated with
mortality rates for both sexes. Sex differences in the determinants of ASCDR are
discussed.
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1 Introduction

The link between COVID-19 and violence has been studied by analyzing to what
extent physical distancing measures, lockdowns, and stay-at-home mandates impact
the incidence of different types of crime, such as domestic and child abuse, crime in
public spaces and crime by gangs and organized groups. For example, research on
cities in the United States, Canada and Australia has shown that while lockdown
measures led to reductions in thefts, robberies and crime in public spaces; and
to increases in domestic violence and other types of crimes committed in private
spaces, as well as in phone extortion and cybercrime; these measures had no effects
on homicides and kidnapping by organized crime groups (Abrams, 2021; Boman
and Gallupe, 2020; Hodgkinson and Andresen, 2020; Mohler et al., 2020; Payne
and Morgan, 2020). Such findings are in line with research for Mexico City: while
conventional crime declined, organized crime remained steady (Balmori de la Miyar
et al., 2021). Although many of these studies took prior crime into account in their
analyses of crime levels after the onset of the pandemic, it is unclear to what extent
adverse social contexts characterized by high levels of violence and a lack of safety
are associated with a wider spread of and higher mortality from SARS-CoV-2.

In this paper, we investigate the complex association between COVID-19 and
crime and violence by considering whether crime and violence rates in communities
prior to the COVID-19 pandemic were associated with 2020 mortality rates due to
COVID-19 in urban Mexico. Although our analysis does not allow us to make causal
claims, it sheds light on how past vulnerabilities and socioeconomic conditions
in general shaped the impact of the pandemic. We also consider whether these
associations vary for men and women, taking into account (1) that mortality due
to COVID-19 differs by sex, and (2) that men and women experience crime
differently. Understanding the association between violence and crime rates in the
pre-pandemic year of 2019 and mortality rates attributed to COVID-19 in 2020
provides insights into crime as a social determinant of the severity of the pandemic.
Mexico is an interesting case study due to its high levels of socioeconomic inequal-
ity, including disparities related to development levels, access to health services,
demographic characteristics, gender and other indicators (El Colegio de México,
2018). Moreover, violence has not ceased over the last 15 years since President
Calderón declared the so-called War on Drugs in December 2006: confrontations
between cartels have increased deaths, and violence has dispersed widely from
northern and western Mexico to the rest of the country (Arteaga-Botello et al., 2019).
Some regions have been more affected than others, and even during the pandemic,
there have been disputes over the cartel control of territories in terms of production,
transportation, distribution and sales of illicit drugs (Nájar, 2020a).
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2 Background

2.1 Neighborhood effects on health

The prevalence of COVID-19, similar to other diseases, is associated with social
processes rooted in historical systems of income inequality, social stratification and
residential segregation. Many of these processes occur locally, in the neighborhoods
where people live and work, and affect exposure to the virus due to overcrowding,
population density and on-the-job risk exposure. The likelihood of being infected
with COVID-19, and the severity and fatality of such an infection, depend on
an individual’s stressors, underlying chronic conditions/comorbidities and access
to quality care (DiezRoux, 2020). According to the theory of syndemics, the
consequences of a disease can interact with social, environmental and economic
factors, which can in turn, worsen the effects of the disease and exacerbate health
inequities (Tsai et al., 2017). Disparities in local conditions may amplify inequalities
in health behaviors, as the pandemic has created a larger health burden in already
vulnerable places, affecting people from lower socioeconomic groups in urban areas
the most, as evidenced in Great Britain (Kulu and Dorey, 2021). For example,
perceived neighborhood conditions have shaped the impacts of COVID-19 on
mental health and physical activity among adults in the United States (Yang and
Xiang, 2021) and among children in Canada (Mitra et al., 2020) by adding health
burdens to residents of disadvantaged neighborhoods. Neighborhoods with low
poverty and a lack of negative conditions (such as low levels of crime, violence or
traffic) tend to have health-promoting conditions prior to the pandemic that resulted
in their residents having better mental health and more physical activity during the
pandemic (Yang and Xiang, 2021). Moreover, positive neighborhood conditions can
protect against other health problems: for example, neighborhood social cohesion is
associated with successfully quitting smoking in Mexico (Lozano et al., 2016).

Physical distancing—commonly imposed by public health officials as a means of
preventing the spread of COVID-19 (WHO, 2021)—is almost impossible among
the urban poor (Wasdani and Prasad, 2020). The neighborhood exerts short-
term influences on behaviors, attitudes and health care utilization, and has long-
term weathering effects that accumulate over time, making populations of poorer
communities more vulnerable to a given disease (Ellen et al., 2001). In urban
Mexico, for example, local conditions—such as the retail food environment—have
been associated with the prevalence of diabetes (Perez-Ferrer et al., 2020), exposing
people to further health risks. Mexico has long had severe public health problems
due to the prevalence of obesity and diabetes (Moreno-Altamirano et al., 2014).
The prevalence of obesity continues to increase, regardless of socioeconomic level,
region or locality (Barquera et al., 2020). Moreover, obesity and undernutrition
coexist in Mexico (Rivera et al., 2014). Type 2 diabetes impacts the Mexican
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adult population aged 45 and older, particularly men, and homicides1 due to
criminal violence impact youth aged 15 to 44. These two public health challenges
of high rates of diabetes and homicide are mainly responsible for the stagnation
of life expectancy in Mexico since 2000 (Canudas-Romo et al., 2015). Obesity
and diabetes are well-known comorbidities associated with COVID-19 (Denova-
Gutiérrez et al., 2020; Ejaz et al., 2020), and they are major risk factors for death
in patients with COVID-19, particularly for older men in Mexico (Bello-Chavolla
et al., 2020; Peña et al., 2021).

Although adverse socioeconomic circumstances are consistently associated with
higher mortality (Nandi and Kawachi, 2011) and low birth weight (Morenoff, 2003),
these associations vary and are moderated by individual-level characteristics. Only a
few studies have analyzed the neighborhood effects on the incidence of COVID-19,
including a study on the incidence of COVID-19 in New York City (Sy et al., 2021);
a study on predictors of COVID-19 cases and deaths at the county level in the United
States that focused on the vulnerability of Latino populations (Rodriguez-Diaz et al.,
2020); and a study on how socioeconomic status was associated with the incidence
of and mortality from COVID-19 in Santiago, Chile (Mena et al., 2021). Overall,
these analyses found that the neighborhood demographic profile and socioeconomic
status matter, i.e., that higher rates of employment in frontline occupations, higher
rates of heart disease and less physical distancing were positively associated with
COVID-19 cases at the county level. However, there are reasons to believe this
might be different in Mexico, as at the beginning of the pandemic, the incidence
of COVID-19 was concentrated in large metropolitan areas with low levels of
poverty (CONEVAL, 2020). Although COVID-19 spread throughout the country,
poor rural and urban municipalities in Mexico sought to prevent the spread of
the virus by implementing measures aimed at promoting physical distancing and
restricting the entry of tourists and foreigners (Garcı́a , 2020; Olivera, 2021). These
measures may have had effects similar to those observed in Argentina, where, at
a national level, the COVID-19 death rates were not higher in areas with lower
socioeconomic conditions (Leveau, 2021). Overall, it is unclear to what extent
neighborhood violence has also been a determinant of deaths from COVID-19
during the pandemic.

2.2 Health and well-being in violent areas

According to the World Health Organization (WHO), violence is not only a risk
factor for the increased prevalence of communicable disease, it is also a global
public health problem (WHO, 2002). Studies on how crime and violence affect the
spread of diseases show different mechanisms. They can affect proximal causes of a
disease: for example, by impeding vaccination (Guarino et al., 2017). Moreover,

1 Here, we refer to intentional homicides only, and exclude accidental homicides.
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high violence levels may block access to preventive health care, thus affecting
disease transmission (Krystosik et al., 2018). Providing health care in dangerous
areas with high urban violence may be challenging (Bellas et al., 2019). While
the impact of violence on health is a global problem, it is especially concerning
in low- and middle-income countries (Matzopoulos et al., 2008). In Mexico,
violence—as measured by homicide rates—and poverty have been found to affect
cardiometabolic risk biomarkers (Gaitán-Rossi, 2017): homicides impact fear of
crime, and perceptions of risk and safety are amplified by poverty and inequality
(Gaitan-Rossi and Shen, 2018). The indirect negative impact of crime and the fear of
crime on health and well-being has also been observed in other contexts, according
to a review of the theoretical and empirical literature (Lorenc et al., 2012). Whether
this is also the case for the COVID-19 pandemic is still an open question.

2.3 Crime and violence in Mexico: Before and during the
pandemic

The Mexican government implemented a strategy to reduce social mobility, limited
to essential work, and promoted staying at home with a nonmandatory lockdown in
March 2020 (DOF, 2020). Despite the apparent decline in reports of various crimes
following the implementation of the stay-at-home measures, homicides increased
in 2020. According to official data from the National Public Security System
(SESNSP, in Spanish), the second-highest monthly number of intentional homicides
in Mexico’s recent history was recorded in March 2020, at 3,119 homicides. Post-
confinement, the situation did not improve much: between March and December
2020, more than 3,000 homicides were registered over five months, and the average
monthly number of homicides was 2,942 (SESNSP, 2021).

Many of these homicides were the result of armed clashes between organized
crime groups fighting for territory control. Thus, criminal activity might reflect
a lack of obedience to stay-at-home measures or of willingness to adhere to
general public health guidance, as well as a different conception of the rule of law
(International Crisis Group, 2020). The media has reported possible implications of
COVID-19 for the large drug-related industry. Various criminal groups have seen
the pandemic as an opportunity to continue creating and weaving their security
and support networks around territories they control or are in dispute over. Diverse
media outlets have documented how the Jalisco Nueva Generación, Sinaloa and
Golfo cartels, as well as other criminal groups in northern and western Mexico,
provided cash transfers, credits or groceries and basic goods to local populations
(Grillo, 2020; International Crisis Group, 2020; Nájar, 2020a). These provisions
occurred in the face of increasing unemployment, a reduction of income sources
and lack of support from local and federal governments. In 2020, homicides and
crime committed in private spaces—that is, the home and workplace—increased,
especially against women, children and other vulnerable groups (Hoehn-Velasco
et al., 2020). Despite an initial drop in the number of complaints registered at the
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beginning of confinement, crime increased in various regions and reached levels
similar to or higher than those prior to 2020, according to SESNSP data and
emergency call records to 911 (Balmori de la Miyar et al., 2021). It is unclear
whether areas with high violence between gangs or criminal groups might indirectly
promote stay-at-home decrees due to the perception of insecurity, thus reducing
COVID-19 risk, or whether violence and this adverse environment discourage
people from seeking testing for COVID-19 or going to a hospital if the disease
becomes serious.

2.4 The current study

Few studies have analyzed the association between prior crime or violence and
mortality due to COVID-19. Studies on the impact of the pandemic on crime
during 2020 and beyond may suffer from reverse causality because crime may
be positively associated with the incidence of COVID-19. To fill this gap in the
literature, our overarching research question is: What is the association between
criminal violence and robbery prior to the pandemic and current mortality due to
COVID-19? Specifically, we ask: (1) What is the association of these two types
of crime in the pre-pandemic year of 2019 with ASCDR due to COVID-19 in
2020 at the municipality level among urban municipalities in Mexico; and (2) does
this association differ by sex? In other words, do different sources of crime show
different associations with men’s and women’s COVID-19 mortality rates? This last
question is relevant given the sex differences in the impact of violence and crime,
in the incidence of the disease (Betron et al., 2020; Bwire, 2020) and in mortality
more broadly.

3 Data, measures and methods

3.1 Data

We use publicly available data from the Mexican Secretariat of Health (DGE,
2021), with individual data for 192,797 deaths from COVID-19 as of December
31, 2020, published on July 31, 2021.2 From January 1 to December 31, 2020,
the data show a cumulated total of 71,681 female deaths and 121,116 male deaths
attributed to the COVID-19. The data include information on comorbidities as well
as basic demographic characteristics, such as age, sex, place of birth, municipality
of residence and municipality of testing. This database considers confirmed and
suspicious deaths from COVID-19, with a regular lag period of approximately

2 These official, publicly available data are updated every day, and feed the COVerAGE-DB database,
an open-access database that includes data from more than 108 countries (Riffe et al., 2021).
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15 to 20 days (DGE, 2021). According to official information from the Mexican
Secretariat of Health, all suspicious deaths are tested for COVID-19 independently
of age (DGE, 2021).3 Thus, we do not expect systematic age biases in COVID-
19 death undercounts, although our estimates on the severity of mortality due
to COVID-19 are conservative. By using data published on July 31, 2021, we
reduce biases associated with late registration; and by considering confirmed and
suspicious deaths, we reduce differences in testing availability within the country.
Until vital registration data are published in December 2021 by the National
Institute of Statistics and Geography (INEGI), publicly available data from the
Mexican Health Secretariat on deaths attributed to COVID-19 are the best-suited
data for studying mortality. We are aware that no single data source is fully accurate
in terms of incidence or fatalities (Riffe et al., 2021).

We aggregate data by municipality of residence to generate the total numbers of
female and male deaths due to COVID-19 in 2020.4 Municipalities are the second-
level administrative divisions of Mexico, and states are the first level. We calculate
crude death rates by sex considering Mexican official population projections as
of mid-2020 (CONAPO, 2018)5 as the quotient between the total number of
male (female) deaths by municipality of residence for every 10,000 inhabitants
of the projected male (female) population in the municipality as of mid-2020.
We further calculate age-standardized crude death rates (ASCDR) by sex using
the national age structure of the population projection for both sexes as of mid-
year 2020 following Preston and colleagues (2001). This standardization allows
for comparisons by sex and municipalities. Of the 2,457 municipalities in the
country,6 2,416 had female deaths and 2,420 had male deaths in 2020. We narrow
the bias in COVID-19 undertesting by restricting our analyses to deaths of residents
of urban municipalities, but we expect that our results will be conservative for
smaller and more isolated urban areas with limited transportation to large urban
and metropolitan areas where hospitals and clinics are available. Once we restrict
our sample to the 1,194 urban municipalities with a population of more than 15,000,
we consider 69,862 female deaths and 118,125 male deaths. Our working sample,

3 According to the Health Secretariat, Mexico has followed the guidelines established by the WHO,
and underreporting of COVID-19 in Mexico has been decreasing over time (DGE, 2021).
4 The first case of death due to COVID-19 in Mexico recorded in the database dates to January 2,
2021.
5 The complete methodology of the population projections is available at the CONAPO website.
These population projections have been created by a group of demographers, and constitute the official
information used for national decision-making.
6 Mexico has 2,457 municipalities located in 32 states. More than 400 municipalities are located in
the state of Oaxaca, and most of these municipalities are small rural areas governed by indigenous
customary law. This fine division into small areas in the state reflects Oaxaca’s greater rurality and
isolation compared with other states.
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after we consider missing values in covariates and outliers,7 is 1,113 municipalities
for studying female mortality (cumulated 69,749 deaths) and 1,150 municipalities
for studying male mortality (cumulated 117,960 deaths). The data on deaths have
fewer biases associated with test availability than the data on confirmed cases. The
underestimation of confirmed number of COVID-19 cases has been documented
in other contexts, such as in the United States, where rural-urban differences are
partially attributable to underreporting (Souch and Cossman, 2020).

3.2 Measures

We study ASCDR of COVID-19 for men and women in urban municipalities,
using the logarithm transformation to account for nonlinear relationships. Our two
dependent variables are the natural logarithm of male and female ASCDR by
municipality, based on the projected population by sex in 2020 (CONAPO, 2018).
Our key independent variables—homicides and robberies—capture violence and
crime prior to the COVID-19 pandemic. We consider the natural logarithm of the
rate of criminal reports in 2019 by the projected population of the municipality by
2019 (per 10,000). Intentional homicides do not include deaths by accident or by
negligence, while robberies are defined as crimes in which property is unlawfully
taken in public and private spaces through the use of violence. Thus, a robbery
(violent) should not be confused with a theft or burglary (nonviolent). These data are
provided by the SESNSP and include cases reported to a public ministry for which
an investigation file was opened (SESNSP, 2021). Although these data may present
biases of underreporting, these are the most recent available data at the municipality
level before the pandemic and the most widely used data to study crime in Mexico.
Underreporting bias is expected to be larger in rural and smaller urban areas that are
isolated or are located far from a public ministry office. Underreporting of robbery
and homicides might also be more common in places with high crime rates. In other
words, results will be conservative due to underestimation of crime rates.

We control for a series of independent variables at the municipality level prior
to the onset of the pandemic that are known to influence mortality. We control for
the old-age structure of the municipality using the natural logarithm of the aging
index, calculated as the relationship between the elderly population aged 65 and
older and children under age 15 according to the population projection as of mid-
2020. We control for the natural logarithm of population density defined as total
population in the municipality per square kilometer. We include two independent
variables for health conditions that are known to be associated with severe COVID-
19 cases in Mexico (Denova-Gutiérrez et al., 2020) and elsewhere: namely, the
natural logarithm of the prevalence of obesity and diabetes in 2018, as estimated by
the Ministry of Health using data from the 2018 Mexican National Health Survey

7 We omitted 16 municipalities with small population sizes that were considered outliers in terms of
their homicide rates, robbery rates, obesity prevalence, Gini index, mean salary income and EAP.
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(ENSANUT) and small-area estimation procedures (INEGI, 2021). To capture
geographic and social accessibility or isolation, we define a categorical variable
using the 2020 Degree of Accessibility to a Paved Road8 provided by the Mexican
Council for Evaluation of Social Development Policy (CONEVAL, 2021). At the
municipality level, CONEVAL publishes the percentage of the population with very
low or low access to a paved road. We define the quintile categorical variable to
distinguish between very low, low, medium, high and very high (reference group)
inaccessibility to a paved road. By controlling for access to a paved road, we
take into account the potential underestimation bias of mortality associated with
COVID-19 testing and reporting, but most importantly, we consider the isolation
of communities, which may act protectively against the disease.9 We control for
economic inequality within the municipality using the Gini index for 2015, also
provided by CONEVAL. Finally, we use 2020 Mexican census data (INEGI, 2021)
to define two economic variables. We consider the natural logarithm of the male
and female economically active population (EAP) to take into account the working-
age population by sex, and the natural logarithm of mean salary income for the
population aged 15–64 years.10

3.3 Methods

First, our descriptive analysis includes summary statistics of our dependent and
independent variables (before transformations) in urban municipalities with female
and male COVID-19 deaths, respectively, as well as correlation matrices. Second,
we estimate a series of OLS regression models on the natural logarithm of male and
female ASDCR. Each of the first two models include one of the crime indicators
(homicides and robberies, respectively); the third model includes both indicators;
the fourth model incorporates the aging index and the population density; the fifth
model adds health conditions; and the sixth model is the fully adjusted model
that adds socioeconomic variables as captured by inaccessibility, inequality, EAP
and income. We also calculate the marginal effects of each variable in the fully
adjusted models. To illustrate the associations between crime and mortality, we

8 This is one of the indicators used in multidimensional poverty included by law, and estimated by
CONEVAL.
9 Preliminary analyses considered poverty instead of accessibility to a paved road as well as years of
schooling. We prefer to use access to a paved road over poverty and other indicators due to the higher
goodness of fit in the estimated models, and because it takes into account geographical and social
connectivity. The most recent indicators of poverty at the municipality level published by CONEVAL,
the agency that is responsible for publishing such indicators by law, are only multidimensional poverty
indicators, and are available for 2015. Marginality (a widely used indicator in Mexico, calculated as an
index similar to HDI) is available for 2015 and 2020 at the municipality level.
10 We decided to include the continuous variable for parsimony, but results are robust to the inclusion
of mean salary income as continuous or categorical variables using deciles, as well as to the 2015 and
2020 marginality index, and the multidimensional poverty for 2015.
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show graphs of the average estimated ASCDR at different levels of the logarithm
of rates of reports of homicides and robberies. We perform heteroskedasticity and
multicollinearity tests, and we use BIC and AIC indicators of goodness of fit.

4 Results

4.1 Descriptive analysis

Similar to other countries, the number of deaths due to COVID-19 in Mexico
in 2020 was higher among men than among women. Table 1 shows summary
statistics for selected characteristics for municipalities with female and male deaths
displayed separately. Mean and median ASCDR due to COVID-19 are 45% and
50% higher, respectively, for men than women. Overall, indicators do not differ
much for municipalities with male or female deaths. Urban municipalities with
female deaths have similar but slightly higher average rates of intentional homicides
and robbery than urban municipalities with male deaths (2.09 and 2.08 homicides
per 10,000; and 32.57 and 31.7357 robberies per 10,000, respectively). The average
aging index is 31% of adults aged 65 years and older for every child younger
than 15. Female labor force participation in Mexico is low: the mean percentage
of female EAP is 45.2% compared with an average male EAP of 77.0%. In urban
municipalities with deaths due to COVID-19, approximately 9% of the population,
on average, has low accessibility to paved roads. The median Gini index is 39.9 for
both types of municipalities. In terms of health conditions, the average prevalence
of obesity at the municipality level is more than 1 in 3; and of diabetes, more than
1 in 10. As we noted previously, these two comorbidities are important risk factors
for mortality associated with COVID-19. Finally, the average salary income at the
municipality-level is over 6,000 pesos per month (approximately US $300).

In Mexican urban municipalities, homicide rates and robbery rates are negatively
correlated with the Gini index even if this correlation is small (see Table 2). As
expected, homicide and robbery rates are positively correlated in both types of
urban municipalities. Although the correlations of variables used in the model could
be considered low, a couple of them are above 0.5 and worth noting. First, the
correlation of the aging index with diabetes is as expected. Second, the female EAP
and the robbery rate in municipalities with female deaths reflect greater female labor
force participation in larger and more-affluent urban areas. For future reference,
Appendix A shows scatterplots for these variables (see Figures A.1 and A.2).

4.2 Results: OLS regression models

Table 3 shows the results from a series of OLS regression models on the natural
logarithm of female and male age-standardized crude death rates (ASCDR) due
to COVID-19 of urban municipalities in Mexico. In the unadjusted models that
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Ta
bl

e
3:

O
L

S
re

gr
es

si
on

m
od

el
so

n
th

e
na

tu
ra

ll
og

ar
ith

m
of

th
e

A
SC

D
R

du
e

to
C

O
V

ID
-1

9
in

M
ex

ic
an

ur
ba

n
m

un
ic

ip
al

iti
es

Fe
m

al
e

M
al

e

ln
(F

em
al

e
A

SC
D

R
du

e
to

C
O

V
ID

-1
9)

ln
(M

al
e

A
SC

D
R

du
e

to
C

O
V

ID
-1

9)

M
ar

gi
na

le
ff

ec
ts

M
ar

gi
na

le
ff

ec
ts

I
II

II
I

IV
V

V
I

on
A

SC
D

R
I

II
II

I
IV

V
V

I
on

A
SC

D
R

ln
(H

om
ic

id
e

ra
te

)
0.

09
3∗
∗
∗

−
0.

04
1∗

−
0.

02
6

−
0.

03
8∗

−
0.

03
7∗

−
0.

02
6∗

0.
10

8∗
∗
∗

−
0.

05
2∗
∗
−

0.
03

8∗
−

0.
04

3∗
∗
−

0.
04

2∗
∗

−
0.

04
3∗
∗

ln
(R

ob
be

ry
ra

te
)

0.
37

0∗
∗
∗

0.
38

0∗
∗
∗

0.
32

1∗
∗
∗

0.
27

0∗
∗
∗

0.
10

8∗
∗
∗

0.
07

5∗
∗
∗

0.
40

0∗
∗
∗

0.
41

3∗
∗
∗

0.
36

5∗
∗
∗

0.
28

2∗
∗
∗

0.
12

9∗
∗
∗

0.
13

4∗
∗
∗

ln
(A

gi
ng

in
de

x)
−

0.
03

9
−

0.
25

7∗
∗
∗
−

0.
39

8∗
∗
∗

−
0.

27
6∗
∗
∗

−
0.

01
1

−
0.

19
3∗
∗
∗
−

0.
36

1∗
∗
∗

−
0.

37
5∗
∗
∗

ln
(D

en
si

ty
)

0.
08

6∗
∗
∗

0.
11

3∗
∗
∗

0.
02

7∗
0.

01
9∗

0.
07

5∗
∗
∗

0.
11

1∗
∗
∗

0.
03

37
∗
∗
∗

0.
03

5∗
∗
∗

ln
(O

be
si

ty
)

1.
12

3∗
∗
∗

0.
30

9∗
∗
∗

0.
21

4∗
∗
∗

1.
42

7∗
∗
∗

0.
73

3∗
∗
∗

0.
76

2∗
∗
∗

ln
(D

ia
be

te
s)

0.
75

5∗
∗
∗

0.
97

7∗
∗
∗

0.
67

7∗
∗
∗

0.
57

7∗
∗
∗

0.
74

6∗
∗
∗

0.
77

6∗
∗
∗

In
ac

ce
ss

ib
ili

ty
V

er
y

lo
w

0.
49

3∗
∗
∗

0.
29

9∗
∗
∗

0.
65

0∗
∗
∗

0.
57

6∗
∗
∗

L
ow

0.
51

9∗
∗
∗

0.
32

0∗
∗
∗

0.
64

3∗
∗
∗

0.
56

7∗
∗
∗

M
ed

iu
m

0.
41

1∗
∗
∗

0.
23

9∗
∗
∗

0.
49

4∗
∗
∗

0.
40

1∗
∗
∗

H
ig

h
0.

18
0∗
∗
∗

0.
09

3∗
∗
∗

0.
30

2∗
∗
∗

0.
22

1∗
∗
∗

V
er

y
hi

gh
0

0
0

0
G

in
ii

nd
ex

0.
00

2
0.

00
1

0.
01

5∗
∗
∗

0.
01

6∗
∗
∗

ln
(E

A
P)

0.
27

4∗
∗

0.
19

0∗
∗

−
0.

80
9∗
∗

−
0.

84
1∗
∗

ln
(I

nc
om

e)
0.

75
3∗
∗
∗

0.
52

2∗
∗
∗

0.
61

3∗
∗
∗

0.
63

7∗
∗
∗

C
on

st
an

t
−

0.
56

8∗
∗
∗
−

1.
63

3∗
∗
∗
−

1.
64

8∗
∗
∗
−

1.
94

2∗
∗
∗
−

7.
92

0∗
∗
∗
−

11
.5

2∗
∗
∗

−
0.

18
6∗
∗
∗
−

1.
31

4∗
∗
∗
−

1.
33

3∗
∗
∗
−

1.
57

6∗
∗
∗
−

8.
11

6∗
∗
∗
−

11
.9

9∗
∗
∗

N
11

13
11

13
11

13
11

13
11

13
11

13
11

50
11

50
11

50
11

50
11

50
11

50
A

IC
27

62
.3

24
51

.3
24

50
.6

24
21

.2
22

60
.5

20
16

.0
28

45
.4

24
21

.9
24

18
.8

23
94

.8
21

46
.1

18
55

.5
B

IC
27

72
.4

24
61

.4
24

65
.6

24
46

.3
22

95
.7

20
86

.2
28

55
.5

24
32

.0
24

34
.0

24
20

.1
21

81
.4

19
26

.2

N
ot

es
:∗

p
<
.1

,∗
∗
p
<
.0

5,
∗
∗
∗
p
<
.0

1;
M

ar
gi

na
le

ff
ec

ts
(d

y/
dx

)
ar

e
es

tim
at

ed
fo

r
th

e
eq

ua
tio

n
ex

p(
pr

ed
ic

te
d

ln
(f

em
al

e/
m

al
e

A
SC

D
R

))
on

M
od

el
s

V
fo

r
fe

m
al

e
an

d
m

al
e

m
or

ta
lit

y,
re

sp
ec

tiv
el

y.

So
ur

ce
:A

ut
ho

rs
’o

w
n

ca
lc

ul
at

io
ns

.



380 Are homicides and robberies associated with mortality due to COVID-19?

include them one at a time (I and II), 2019 crime rates are positively associated
with ASCDR in 2020. The direction of the association between homicide rates and
mortality changes after we control for aging and population density for men (Model
IV). Fully adjusted models (VI) show a negative significant association (p < .1)
between intentional homicide rates and female and male ASCDR, and a positive
association (p < .001) between robbery rates and ASCDR for both sexes. In other
words, homicides (a proxy for criminal violence) and robbery (a proxy for safety
concerns) in the pre-pandemic year of 2019 have different associations with ASCDR
due to mortality in 2020. In both cases, the marginal effects of crime rates are larger
for male mortality than for female mortality.

Figure 1 illustrates these associations with graphs of average estimated female
(panel A) and male (panel B) ASCDR at different levels of the logarithm of rates
of reports of homicides and robbery (from Models VI by sex). The graphs clearly
show that urban municipalities that had higher robbery rates tended to have higher
mortality due to COVID-19, and that this association is stronger for men than for
women.

Estimated associations of ASCDR and other indicators show interesting differ-
ences by sex that can help explain the role of the social determinants of mortality
due to COVID-19 for men and women. It is worth noting that the association of
the EAP differed between men and women. A higher percentage of female EAP
is associated with an increase in the logarithm of mortality due to COVID-19
among women, whereas male EAP is negatively associated with mortality. In other
words, although female labor force participation generally empowers women in
Mexico, during the pandemic, women were more exposed than men to economic
activities with greater risk of contagion and mortality. Another related explanation
is that female labor force participation is associated with other socioeconomic
characteristics that put women at risk. For the rest of the indicators, results
show similar associations and marginal effects for male and female ASCDR. The
prevalence of obesity and diabetes put men and women at risk of death, although
the risk is much larger for men. By contrast, isolation and less access to a paved
road protects communities from contagion and death. The negative association
between aging in the municipality and ASCDR suggests that in the context of the
pandemic, older adults were made aware of their vulnerability to COVID-19, and
thus avoided contagion by staying home. Interestingly, mean salary income was
positively associated with ASCDR, and the larger marginal effects for male ASCDR
and the positive and significant association with the Gini index reflect different
processes linking economic characteristics and male mortality.

5 Discussion

Findings from OLS regression models show that the pre-pandemic intentional
homicide rates have a significant negative association with ASCDR due to COVID-
19 for both men and women, whereas the robbery rate is positively associated with
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Figure 1:
Average estimated female (A) and male (B) ASCDR due to COVID-19 at levels of
homicide and robbery rates in urban municipalities in Mexico
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ASCDR due to COVID-19. These findings suggest that violence and crime affect
mortality differently depending on whether these events happen in private or public
spaces, but also on their severity and nature, reflecting more profound differences
in contexts and social environments. Robberies prior to the COVID-19 pandemic
affected mortality during the pandemic. Our findings suggest the need to better
understand the role of violence in local contexts before and after the outbreak of
the disease. Our results also suggest the need to consider differently the nature
of violence as well as its implications for health protective measures for men and
women.

We need to be cautious when stating that a climate of criminal violence protected
the population from dying of COVID-19. Although homicides themselves may
reduce the likelihood of venturing out if leaving home is risky—similar to what
has been found in places with high urban violence and conflict for other diseases
(Krystosik et al., 2018)—areas controlled by drug cartels might limit access to
health authorities, and fewer medical personnel may have been sent to these risky
areas by federal and state governments. Although we use death data published
by the end of July 2021, which allowed enough time for deaths from COVID-
19 to be registered in the publicly available database, the uncertain reliability of
the data from municipalities with very high crime rates controlled by drug cartels
could be affecting our results. In addition, the people living in municipalities with
high levels of violence were more likely to be internally displaced and may have
left these violent areas during 2020 in search of protection and safety (Rodrı́guez
Chávez, 2021; 2022). It is also possible that criminal groups operated differently
during the pandemic, which led to reductions in the risk of contagion, and, in
turn, to reductions in mortality due to COVID-19. For example, in China, the
COVID-19 pandemic affected the production of synthetic drugs, such as fentanyl
and methamphetamines, which have displaced marijuana, cocaine, and heroin in the
United States, generating millions of dollars for Mexican cartels and their Chinese
allies (Nájar, 2020b; Pastor, 2020). The pandemic caused a shortage in supplies
of synthetic drug precursors, and cartels had to seek new sources of supplies and
implement new production processes (UNODC, 2020). Lockdown measures and
strengthened U.S. border controls made it difficult for drugs to reach consumers
during 2020, thus reducing traditional drug-trafficking routes, increasing costs and
risks and making drug sales in public places more difficult. All of these factors
led to increases in online drug sales that were made through the so-called darknet,
and were delivered by mail or parcel post (Pastor, 2020; UNODC, 2020). Whether
these changes in how cartels operated during 2020 translated into a more favorable
context is uncertain.

The consistent increase in homicide rates and in diabetes prevalence have
contributed greatly to the reductions in life expectancy in Mexico (Canudas-Romo
et al., 2015). More recently, using the same data as we do (DGE, 2021), a study
that examined the negative impact of the COVID-19 pandemic on Mexican life
expectancy estimated that in 2020, life expectancy at birth declined 2.5 years for
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females and 3.6 years for males, although these losses varied by state, with the
effects of the COVID-19 pandemic being smaller in poorer states (Garcı́a-Guerrero
and Beltrán, 2021). Comparing the impact of violence and the impact of COVID-
19 on life expectancy in Mexico is beyond the scope of this paper. Time will tell
whether the effects of the pandemic are larger or smaller than the effects of drug-
related violence. In absolute terms, from January 1, 2020 to December 31, 2020,
the number of deaths attributed to COVID-19 (192,797) was more than five times as
high the number of homicides recorded (35,531). However, a better understanding
of the interrelationship of these global health problems, and of the contextual factors
that put population health at risk, is still needed.

What we know about COVID-19 in Mexico—and globally—is highly influenced
by government strategies for managing the pandemic, from testing and the imple-
mentation of lockdown measures, to providing economic support to businesses and
economic resources to the health sector. Other social processes also influence our
data. For example, of particular interest in the context of our research questions
are the potential gender differences associated with access to preventive health,
knowledge of comorbidities, COVID-19 testing and perceptions of risk factors,
which, in turn, may have affected the confirmation rates and the data on the
incidence of COVID-19. All these processes might be influenced themselves by
neighborhood effects and local violence and insecurity. Moreover, although we
focus on urban municipalities, future research should study conditions in rural areas
in order to better understand the severity of the pandemic in smaller municipalities.
Such research should be possible after vital official statistics for 2020 are published.
Including these areas would, for example, make it possible to perform multivariate
spatial analysis, although caution is advised given the biases and other processes
associated with differences in how indicators of independent variables are reported
in rural and urban areas. For example, if we are interested in studying how past
forms of other types of crimes, such as domestic violence, are related to current
COVID-19 incidence or mortality, it would be important to take into account biases
in underreporting, not only due differences in the likelihood of filing a report, but
also because gender roles shape who considers this crime worth reporting. We hope
that our study opens new venues of research on the complex relationship between
COVID-19 and its contextual determinants.
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de la producción y el tráfico al consumo. Vienna: Oficina de las Naciones Unidas Contra
la Droga y el Delito. https://www.unodc.org/documents/data-and-analysis/covid/Covid-
19 Suministro de Drogas.pdf

Wasdani, K. P., and Prasad, A. (2020). The impossibility of social distancing among the urban
poor: The case of an Indian slum in the times of COVID-19. Local Environment, 25(5),
414–418. https://doi.org/10.1080/13549839.2020.1754375

https://doi.org/10.1016/j.arcmed.2020.12.002
https://doi.org/10.1016/j.arcmed.2020.12.002
https://doi.org/10.1016/j.healthplace.2020.102461
https://doi.org/10.1093/ije/dyab027
https://doi.org/10.3945/ajcn.114.084806
http://migracionesinternacionales.colef.mx/index.php/migracionesinternacionales/article/view/2045
http://migracionesinternacionales.colef.mx/index.php/migracionesinternacionales/article/view/2045
https://doi.org/10.33679/rmi.v1i1.2045
https://doi.org/10.33679/rmi.v1i1.2045
https://doi.org/10.7764/EURE.48.144.12
https://doi.org/10.1016/j.annepidem.2020.07.007
https://www.gob.mx/sesnsp/acciones-y-programas/incidencia-delictiva-87005?idiom=es
https://www.gob.mx/sesnsp/acciones-y-programas/incidencia-delictiva-87005?idiom=es
https://doi.org/10.1111/jrh.12450
https://doi.org/10.1093/aje/kwaa277
https://doi.org/10.1016/S0140-6736(17)30403-8
https://doi.org/10.1016/S0140-6736(17)30403-8
https://www.unodc.org/documents/data-and-analysis/covid/Covid-19_Suministro_de_Drogas.pdf
https://www.unodc.org/documents/data-and-analysis/covid/Covid-19_Suministro_de_Drogas.pdf
https://doi.org/10.1080/13549839.2020.1754375


Claudia Masferrer and Oscar Rodrı́guez Chávez 389
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Appendix A: Scatterplot graphs of continuous variables used
in the analysis for municipalities with female (A.1) and male
(A.2) deaths due to COVID-19
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Figure A.2:
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