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Abstract

Background: Before the COVID-19 pandemic, life expectancy in Mexico stagnated from the early 2000s, mainly due to increased homicides.
During the pandemic, Mexico experienced sizable excess mortality. We aimed to assess the contribution of violence, COVID-19, and causes of
death that were amenable to healthcare to life-expectancy changes between 2015 and 2022 in Mexico.

Methods: \We used administrative mortality and adjusted population estimates to construct life tables. We applied demographic methods to un-
tangle contributions of causes of death to life-expectancy changes by year and sex at the subnational level.

Results: Between 2015 and 2019, life expectancy declined from 71.8 to 71.1 years for males and stagnated at 77.6 years for females. Violence
among young males explains most of the decline (54.3%). Between 2019 and 2020, life expectancy decreased by 7.1 and 4.4 years for males
and females, respectively. COVID-19 accounted for 55.4% of that change for males and 57.7% for females. In 2021, male life expectancy stag-
nated but continued to decline for females by 0.44 years due to COVID-19 deaths. In 2022, we observed unequal recovery patterns in life expec-
tancy across regions, as northern states experienced larger improvements than central and southern states.

Conclusion: \We documented large variations in life-expectancy losses across Mexican states before, during, and after the COVID-19 pandemic.
Before the pandemic, violence accounted for most of the male life-expectancy losses. During the pandemic, following COVID-19 deaths, mor-
tality due to diabetes and causes that were amenable to healthcare contributed considerably to observed losses, with an uneven impact on
the sexes.

Keywords: mortality; subnational; homicides; COVID-19; Mexico.

Key Messages

* This is the first study to uncover the contribution of violent deaths and various causes of death to life-expectancy changes in Mexico
before, during, and after the COVID-19 pandemic.

* Since 2015, the upsurge in violence has slowed life-expectancy gains for both females and males in Mexico, offsetting potential
improvements from other causes of death.

¢ Life-expectancy losses during the COVID-19 pandemic were significant, primarily driven by COVID-19 deaths, increased diabetes-
related deaths, and other causes that were amenable to healthcare.

Alongside the high levels of homicides in the region [4],
Latin America was heavily affected by the COVID-19 pan-
demic [5]. The lack of timely policy responses, unequal
healthcare access, and high prevalence of cardiovascular
disease and comorbidities led to a high burden of excess mor-

Introduction

Latin America is one of the most violent regions in the world.
In 2017, Latin America accounted for 7.8% of the global
population but 37% of global victims of intentional homi-
cides, with a homicide rate of 17.2 per 100 000 people [1].

During the twenty-first century, several countries, including
Mexico, have experienced waves of violence [2], with sizable
impacts on population health, life expectancy, and lifetime
uncertainty [3].

tality in the region [6]. For some Latin American countries,
life-expectancy losses at the beginning of the pandemic
ranged from 3 (Chilean females) to 10 years (Peruvian males)
[5, 7, 8]. In Mexico, life-expectancy losses in 2020 were
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estimated at 2.7 and 3.5 years for females and males, respec-
tively, with large regional variation [8]. It is unknown, how-
ever, how increased violence, diabetes, causes of death that
were amenable to healthcare (e.g. respiratory diseases and
some neoplasms), and the COVID-19 pandemic have affected
life expectancy in Mexico recently.

In Mexico, violence has contributed to life-expectancy
declines among males and stagnation among females [9, 10].
In the period 2006-19, there were 325 884 recorded homi-
cides, of which 88.8% were men (see Supplementary Figure
S7; see online supplementary material for a color version of
this figure) [11], largely attributed to public policies that
allowed military interventions to mitigate drug cartels’ opera-
tions that started in December 2006—the beginning of the
so-called ‘war on drugs’ [9, 10]. The homicide rate among
males increased rapidly from 22 to 43 deaths per 100 000
people between 2006 and 2012. Between 2012 and 2014, it
decreased slightly but, in 20135, it started to increase again,
reaching its maximum in 2019 with a homicide rate of 75
deaths per 100 000 people.

Another important public health challenge for Mexico is
the increase in diabetes-attributable mortality, which has also
contributed to life-expectancy stagnation [10]. Between 2000
and 2018, the prevalence of diabetes increased from 7.5% to
10.3% [12] and the number of deaths attributed to diabetes
increased by 77% between 1990 and 2017. In total, diabetes
accounted for almost 1 million deaths (948 532) between
2010 and 2019 [11]. After diabetes-attributable mortality
and violence, some causes of death that were amenable to
healthcare—that should not have resulted in death if effective
and pertinent medical care had been provided—have also in-
creased. Among those are infectious and respiratory diseases,
and some types of cancer (e.g. breast and prostate cancer)
[13]. Other causes that were amenable to healthcare, such as
infectious and respiratory diseases, contributed to increases
in life expectancy between 2000 and 2015 [9, 10].

This article makes three main contributions. First, we doc-
ument the contribution of violence, diabetes, causes of death
that were amenable to healthcare, and the COVID-19 pan-
demic to changes in life expectancy before, during, and after
the COVID-19 pandemic (2015-22). Second, we contribute
to the existing literature on violent mortality by looking at
the most recent years, which have been characterized by in-
creasing homicides between 2015 and 2019. Third, this
analysis contributes to our knowledge of mortality change at
subnational levels across Mexican states.

Methods
Data

We obtained the death certificate data (2000-22) from vital
statistics files from the National Institute of Statistics [11].
These files contain information on causes of death, sex, and
the age at the time of death. We used these data to obtain the
proportion of causes of death in each age group, by sex, year,
and state. From the National Population Council, we re-
trieved the population at risk and the number of deaths to
construct death rates from 2000 to 2022 by age group, sex,
and state [14]. These estimates are corrected for complete-
ness, age misstatement, and international migration.

We focus our analysis on COVID-19 and the causes of
death that contributed the most to life-expectancy stagnation
before the pandemic. We grouped the deaths into six
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categories: (i) homicides and violent deaths, (ii) COVID-19,
(iii) diabetes, (iv) causes that were amenable to healthcare, (v)
external causes of death, and (vi) all other causes. Analysis of
COVID-19 and causes that were amenable to healthcare sep-
arately allows us to distinguish those causes that were pri-
marily driven by SARS-CoV-2 from those that would have
occurred in a non-pandemic year. We classified deaths by us-
ing the International Classification of Diseases 10th revision
(ICD-10). The ICD-10 code groupings are presented in
Supplementary Table S1 (see online supplementary material
for a color version of this table).

We present results at the subnational level. We group
Mexican states into three large regions to ease the interpreta-
tion of the results in the figures and to more effectively refer
to states and regions by following the same grouping as
Aburto et al. [10]. Supplementary Figure S1 (see online sup-
plementary material for a color version of this figure) shows
the states that belong to each region.

Statistical methods

We first computed age- and cause-of-death-specific death
rates by S-year age groups for each state and the national
level, stratified by sex and year, by multiplying the age- and
sex-specific proportion of causes of death by the age-specific
mortality rates. We then constructed period life tables at
the national level and for all 32 Mexican states by sex for the
period 2000-22 by using standard demographic techniques
[15]. We wused the -continuous-change decomposition
method to quantify the contribution of age and causes of
death to changes in life expectancy for the periods: 2015-19,
2019-20, 2020-1, and 2021-2 by using the R package
‘DemoDecomp’ [16, 17]. In addition, we compared life-
expectancy and age-standardized death rates for all-cause
and cause-specific mortality at national and subnational lev-
els from 2000 to 2022, using the 2010 Mexican population
as standard (see Supplementary Figures S7-S12; see online
supplementary material for color versions of these figures).

Results

Figure 1 shows age- and cause-of-death-specific contributions
to changes in life expectancy by sex before the pandemic
(2015-19), during two pandemic years (2019-20 and 2020-
1), and after (2021-2). Between 2015 and 2019, life expec-
tancy decreased by 0.7 years, from 71.8 to 71.1years, for
males and stagnated with a slight increase of 0.1 years, from
77.5 to 77.6 years, for females. The decline in life expectancy
among males occurred mostly in ages 20-39 years due to
homicides and violence (54.3%). During the first year of the
pandemic (2019-20), life expectancy decreased by 7.1 years,
from 71.2 to 64.1 years, among males and by 4.5 years, from
77.6 to 73.1years, among females. Most of the decrease in
life expectancy was attributed to COVID-19 deaths in adults
aged >60 years, accounting for 34.4% and 41.3% of life-
expectancy losses for males and females, respectively. In the
second year of the pandemic (2020-1), male life expectancy
stagnated with a slight increase of 0.1years from 64.1 to
64.2 years, mostly due to improvements in diabetes and
causes that were amenable to healthcare in individuals aged
>60 years. Conversely, for females, life expectancy continued
to decrease by 0.4years (5.3months), from 73.1 to
72.7 years. For females, COVID-19 contributed to decreased
life expectancy, offsetting positive contributions from
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Figure 1. Cause-specific contributions to life-expectancy changes by age, sex, and period, 2015-22. We used a different scale on the x-axis to capture
the contribution of each cause of death during each period. Source data: National Institute of Statistics and Geography (INEGI) and National Population

Council (CONAPO).

diabetes after age 50 years. In 2022, life expectancy recovered
to 78.3 and 71.4years for females and males, respectively,
mostly due to improvements in COVID-19 and causes that
were amenable to healthcare in all age groups.

Our analysis shows a large variation in changes in life ex-
pectancy across Mexican states. Supplementary Figure S2
(see online supplementary material for a color version of this
figure) shows levels and changes in life expectancy at birth in
2015-22 by sex across Mexican states. Life-expectancy losses
between 2019 and 2021 and life-expectancy changes between
2019 and 2022 are shown in Supplementary Figures S3 and
S4 (see online supplementary material for color versions of
these figures). Figures 2-5 show the total contribution of
homicides, COVID-19, diabetes, and causes that were ame-
nable to healthcare to changes in life expectancy at the state
level by sex over the period 2015-21, respectively.

Homicides contributed to changes in life expectancy be-
tween 2015 and 2019, particularly among males in 26 out of
32 states (Figure 2). During the first year of the pandemic,
homicides contributed to reduced life expectancy in some of
the northern states. Between 2021 and 2022, contributions
from homicides were positive in some northern and central
states for males. For females, homicides and violence contrib-
uted to a modest reduction in life expectancy at birth in 12
states before the pandemic.

Across all Mexican states, COVID-19 contributed to siz-
able life-expectancy losses during the pandemic. In 2022,
COVID-19 mortality decreased, leading to life-expectancy re-
coveries, albeit with regional variations (Figure 3). For both
males and females, the largest life-expectancy losses occurred
in central and southern Mexico. For states in the northern re-
gion, we observed early recoveries from COVID-19 in 2020-
1 compared with central and southern regions, where those
recoveries occurred in 2021-2.

Mortality due to diabetes had a strong regional variation
(Figure 4). Diabetes mortality contributed to increasing life
expectancy between 2015 and 2019 in the northern and cen-
tral regions but not in the south of Mexico. However, during
the pandemic in 2019-20, diabetes contributed to reductions
in life expectancy at birth across all states and, between 2020
and 2021, reductions in diabetes-related deaths contributed
to increasing life expectancy at birth in all states, and those
recoveries continued between 2021 and 2022.

Causes of death that were amenable to healthcare contrib-
uted to life-expectancy losses between 2015 and 2019 in
most of the southern states (Figure 5). During the first year of
the pandemic (2019-20), those causes contributed negatively
to life-expectancy changes for all regions. During the second
year, we observed early recoveries in northern regions
and a heterogeneous pattern across states in central and
southern Mexico. Causes that were amenable to healthcare
contributed to life-expectancy recoveries after the COVID-19
pandemic.

Discussion

Summary of results

Before the COVID-19 pandemic (2015-19), male life expec-
tancy at birth decreased by 0.7 years, from 71.8 to 71.1 years,
and female life expectancy at birth stagnated, at ~77.5 years.
Violence among males aged 20-39years accounted for
54.3% of life-expectancy losses in the period. Between 2019
and 2020, life expectancy decreased by 7.1 and 4.4 years at
the national level for males and females, respectively. In
2021, male life expectancy at birth stagnated at 64.1 years
with improvements in diabetes at older ages. However, life

expectancy continued to decrease for females, resulting
in losses of 0.44 (5.3months) years due to COVID-19.
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Figure 2. Contribution of homicides and violence to life-expectancy changes between 2015 and 2022 by state and sex. Source data: National Institute of

Statistics and Geography (INEGI) and National Population Council (CONAPO).

We capture large variability in life-expectancy losses across
Mexican states that range from 2.6years for males in
Tamaulipas (northern region) to 10.1years for males in
Tlaxcala (central region). In 2022, life expectancy recovered
to the pre-pandemic levels across all Mexican states (see
Supplementary Figure S4; see online supplementary material
for a color version of this figure).

Interpretation of results

Levels of homicides in Mexico have increased since 2006
[10]. The homicides that were once concentrated in the north
of Mexico and primarily affected young males [9, 10, 18]
have intensified and spread across the country. We observe
that, nationally, and in almost all Mexican states, the number
of deaths due to homicides and violence among females has
increased over time (see Supplementary Figure S7; see online
supplementary material for a color version of this figure).

Our analysis reveals that, after 2015, the contribution of
homicides to life-expectancy losses spread across all Mexican
states. As has been observed in previous years, homicides had
a higher negative impact on male life expectancy than female
life expectancy [9, 10]. However, between 2015 and 2019,
homicides contributed modestly to decreases in female life ex-
pectancy. A contribution of this nature had only previously
been observed in states with high levels of violence, such as
Chihuahua in 2005-9 [10], but, today, this is also present in
some states in the central region. While previous studies on
the relationship between violence and life expectancy have fo-
cused on males because they are killed violently more often
than females, our results serve as a reminder that violence has
negative mortality implications for both sexes. The changing
nature of the contribution of violence to changes in female
life expectancy is consistent with other research which has
found that the nature of lethal violence against women has
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Figure 3. Contribution of COVID-19 to life-expectancy changes between 2019 and 2022 by state and sex. Source data: National Institute of Statistics and

Geography (INEGI) and National Population Council (CONAPO).

changed since 2006 [19]. For example, whereas lethal vio-
lence against women was once characterized as deaths that
occurred inside the home by someone the victim knew, vio-
lence against women in Mexico now has an increasingly pub-
lic nature, with more women being killed in public places and
by strangers [20]. Many of these deaths form part of
Mexico’s ongoing feminicide crisis, in which women and girls
are killed intentionally because of their gender. Public health
measures that were aimed to curb the spread of COVID-19,
such as lockdowns, may have also resulted in increased vio-
lence against women and girls, although this can also be diffi-
cult to quantify due to reporting challenges [21].

During 2020 and 2021, Mexico was severely impacted by
the COVID-19 pandemic, with variation across Mexican
states. Life-expectancy losses exceeded 2 years for both sexes
across states. To put this number into perspective, in Italy
and Spain—two countries that were epicenters of the

COVID-19 pandemic—Ilife-expectancy losses in 2020 ranged
from 1.0year among Italian females to 1.5years among
Spanish females [22]. In the USA—the country with the
second-highest number of COVID-19-related deaths—life-
expectancy losses were 1.7 and 2.2years for females and
males, respectively [22]. In most European countries, life ex-
pectancy at birth in 2021 started to recuperate but the levels
are still lower than those reported in 2019 [23]. Among Latin
American countries, few studies have examined life-
expectancy losses at the subnational level. For Chile, life ex-
pectancy decreased by 1.8years for males and 1.3 years
among females in 2020, but poorer urban municipalities
were the most affected [24]. In Brazil, life expectancy
decreased in 2020 and the Amazonian and northern regions
experienced the largest losses. Overburdened healthcare facil-
ities, including insufficient hospital beds and disruption in
primary care services, are potential explanations for regional
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Figure 4. Contribution of diabetes to life-expectancy changes between 2015 and 2022 by state and sex. Source data: National Institute of Statistics and

Geography (INEGI) and National Population Council (CONAPO).

differences and continued life-expectancy losses in Brazil in
2021 [7].

Regarding sex differences across some high-income coun-
tries, women continued to experience life-expectancy losses
in 2021 and the age groups that contributed to those in 2020
also contributed to the life-expectancy losses in 2021 [23]. In
our analysis, we observed sex differences in life-expectancy
losses between 2020 and 2021 in which life expectancy stag-
nated for males but decreased by 5.4 months for females.
One potential hypothesis is that mortality among males was
displaced, leading to frail males dying in 2020, selecting the
male population for 2021. Additionally, sex differences in
labor-market dynamics offer another potential explanation
for these outcomes. Men—particularly those in the informal
sector—continued to work during the pandemic in 2020
whereas women’s occupations were allocated to work re-
motely [25], suggesting different degrees of exposure to

COVID-19 [26]. Additionally, women were more likely to be
unemployed and therefore to be at home during the COVID-
19 pandemic [27]. This unequal exposure may have led to
frail males being more vulnerable to COVID-19 before the
vaccination campaigns. However, in contexts with highly
feminized healthcare sectors, such as in the USA [29], women
continued to experience higher levels of workplace exposure
to COVID-19. In Mexico, 65% of all workers in the health-
care sector are female [30], which may help to explain
the continued contribution of COVID-19 to female life-
expectancy losses in 2021.

For Mexico, the largest losses in life expectancy at birth be-
tween 2019 and 2021 may be explained by preexistent comor-
bidities across socioeconomic groups. Socio-demographic and
health profiles of individuals who died due to COVID-19 pro-
vide corroborating evidence for this hypothesis. Preexistent
health risk factors among the population, such as diabetes
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Figure 5. Contribution of causes that were amenable to healthcare to life-expectancy changes between 2015 and 2022 by state and sex. Source data:

National Institute of Statistics and Geography (INEGI) and National Population Council (CONAPO).

and obesity, seem to be one of the reasons why Mexico was
so heavily affected by COVID-19 [28, 29]. However, studies
that used individual-level data on patients who tested positive
for COVID-19 highlight that, after controlling for health risk
factors, individuals’ socioeconomic characteristics were im-
portant in determining mortality outcomes [30-32]. For ex-
ample, the probability of dying due to COVID-19 among
individuals in the lowest income quantile was five times the
probability of dying among those in the highest decile, even
after accounting for health risk factors [31]. Individuals’ so-
cioeconomic conditions were important for coping with lock-
downs and mitigating virus spread. For example, having
limited financial resources and depending on emergency gov-
ernment assistance made it harder for individuals to adhere to
isolation measures [32].

We observed that life expectancy recovered to the 2019 lev-
els (see Supplementary Figure S4; see online supplementary

material for a color version of this figure) due to a reduction
in causes that were amenable to healthcare, COVID-19, and
diabetes. Despite these recoveries, we capture unequal pat-
terns across regions. For example, in northern states, COVID-
19, diabetes, and causes that were amenable to healthcare
have started to contribute to early life-expectancy recoveries
since 2020-1 whereas, across central and southern states,
those recoveries took place after 2021. These regional differ-
ences seem to be driven by socio-demographic characteristics
and health inequalities across states [30, 32]. Northern
Mexico is characterized by lower levels of poverty and lower
levels of social vulnerability index. Indeed, municipalities with
a higher degree of social disadvantage had a higher number of
excess deaths due to COVID-19 and non-COVID-19 deaths
[30] and individuals who lived in municipalities with higher
poverty levels had a higher risk of dying from COVID-19
[32]. Based on previous findings in Latin America and Mexico
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[24, 30], it is likely that most disadvantaged groups experi-
enced larger life-expectancy losses and this is an important
next step for future research.

Similarly, causes of death that were amenable to healthcare
contributed to life-expectancy losses between 2019 and
2021. Hospitals that were overwhelmed by COVID-19 were
an important determinant of higher mortality in 2020 [32],
which very likely continued during 2021. This might be
linked to the healthcare reform that started in 2018, with the
replacement of Seguro Popular and the start of the Instituto
de Salud para el Bienestar [33]. By 2016, 93% of the
Mexican population had medical coverage [12] whereas, in
2022, the number of people with no access to medical insur-
ance was estimated to be 40% [33]. Analysis of out-of-
hospital deaths in Mexico during the pandemic revealed that
most of the excess deaths that occurred during 2020 took
place outside of hospital [34]. In 2020, the regions with
higher non-COVID-19 excess mortality were associated with
low access to social security and healthcare [32]. Our results
present a similar trend: we observed that southern Mexico
reported a higher contribution of causes of death that were
amenable to healthcare to changes in life expectancy between
2019 and 2021 whereas, in northern Mexico, mortality
improvements due to causes that were amenable to health-
care helped to mitigate life-expectancy losses.

Limitations

Our study is subject to limitations. The classification of
causes of death plays an important role in our results. Some
COVID-19 deaths may have been misclassified as other
causes [35], particularly deaths due to acute respiratory dis-
eases, which may have led to under-registration of deaths
when COVID-19 was the true underlying cause [30]. In
Mexico, the available information did not allow us to disen-
tangle this, but we mitigated this limitation by restricting our
analysis to six groups of causes of death rather than individ-
ual causes. Similarly, homicides are likely to be underre-
ported, especially in Mexico’s current militarized context.
Enforced disappearances [36], the prevalence of common and
clandestine graves [37], and the ongoing forensic crisis reflect
pathways through which homicide may not be have been reg-
istered in vital statistics. Additionally, homicides may be im-
properly assigned ICD-10 codes, making them impossible to
classify as such [10].

When performing analysis at the state level in Latin
American countries, we are aware of the sensitivity to the
quality of the data. We used data that were published by the
National Population Council, which is reliable in the interna-
tional context [38]. However, the exposures and death counts
for 2022 were forecasted by considering the 1950-2019 mor-
tality trends; we performed a sensitivity analysis by using the
unadjusted death count in directly administrative records
from 2022 and observed that the life-expectancy levels are
different but trends are similar (see Supplementary Figure 11;
see online supplementary material for a color version of
this figure).

Conclusion

Demographic analyses can aid in identifying and understand-
ing structural challenges regarding population health in
Mexico. Between 2015 and 2022, violence and COVID-19
were the major public health challenges that the Mexican
population faced, but the impacts of these crises have not

Zazueta-Borboa et al.

been evenly distributed. Homicides continue to negatively im-
pact male life expectancy and, from 2015 to 2019, they also
resulted in modest declines in female life expectancy. States
with lower healthcare coverage in the southern region of the
country experienced larger life-expectancy declines due to
COVID-19 and causes that were amenable to medical care.
Further research is necessary to better understand the sex dif-
ferences in life expectancy during the first 2 years of the
COVID-19 pandemic and to examine why life expectancy
stagnated for males and continued to decline for females be-
tween 2020 and 2021. We captured a double penalty for
southern regions in Mexico—they experienced large life-
expectancy losses and a slower recovery.
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