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Objectives. To quantify the effect of the upsurge of violence on life expectancy and

life span inequality in Mexico after 2005.

Methods. We calculated age- and cause-specific contributions to changes in life ex-

pectancy and life span inequality conditional on surviving to age 15 years between 1995

and 2015. We analyzed homicides, medically amenable conditions, diabetes, ischemic

heart diseases, and traffic accidents by state and sex.

Results.Male life expectancy at age 15 years increased by more than twice in 1995 to

2005 (1.17 years) than in 2005 to 2015 (0.55 years). Life span inequality decreased by

more than half a year for males in 1995 to 2005, whereas in 2005 to 2015 the reduction

was about 4 times smaller. Homicides for those aged between 15 and 49 years had the

largest effect in slowing down male life expectancy and life span inequality. Between

2005 and 2015, three states in the north experienced life expectancy losses while 5

states experienced increased life span inequality.

Conclusions. Ten years into the upsurge of violence, Mexico has not been able to

reduce the homicide levels to those before 2005. Life expectancy and life span in-

equality stagnated since 2005 for young men at the national level. In some states,

males live shorter lives than in 2005, on average, and experience higher uncertainty

in their eventual death. (Am J Public Health. 2019;109:483–489. doi:10.2105/AJPH.2018.

304878)

Violence has become a major public
health issue in Latin America.1 This

region experiences the highest homicide rate
in the world (more than 16.3 per 100 000
people), with some countries in Central
America undergoing a recent upsurge in
homicides.2 In Mexico, homicide rates de-
clined from 1995 to 2006, but these trends
were reversed and homicides more than
doubled between 2007 and 2012 (Figure A,
available as a supplement to the online version
of this article at http://www.ajph.org). This
increase has been associated with more en-
forcement operations trying to mitigate drug
cartel activities, increased territorial compe-
tition, and higher profitability in the drug-
trade flowwith the United States.3–5 This led
to a cycle of violence—the so-called War on
Drugs—and the spillover onto civilians,6

which, along with an increasing burden
of diabetes, led to stagnating male life

expectancy in the period 2000 to 2010.7 At
the subnational level, gains in life expectancy
attributable to medically amenable causes,
such as infectious diseases, respiratory diseases,
and birth conditions, were wiped out by the
increase of homicides after 2005 in each of
the 32 states in Mexico, with large regional
variation.8

Trends in life expectancy are important

and have been studied in Mexico and its

states.7–9 However, life expectancy masks

inequality of life spans or life span variation.10

Variability in age at death (life span) is im-
portant because it addresses the growing in-
terest in health inequalities11 and because
larger variation in life spans implies greater
uncertainty in the timing of death at the in-
dividual level and has implications for the
planning of life’s events.12,13 From a public
health perspective, larger life span variation
implies increasing vulnerability at the societal
level, which suggests ineffectiveness of poli-
cies aiming to protect individuals against life’s
vicissitudes.12 In the context of rising vio-
lence, it implies a failure of social protection
policies aiming at decreasing homicide and
crime rates and increasing vulnerability at the
population level. Previous studies have found
a negative association between life expec-
tancy and life span variation, suggesting that as
life expectancy increases, inequality in life
spans decreases.12,14 However, at the sub-
national level and during periods of life ex-
pectancy fluctuation, increases in life span
variation may simultaneously occur with
increases in life expectancy, mostly attribut-
able to a slowdown in mortality improve-
ments over ages 20 to 65 years.13,15 This is
particularly relevant for countries that have
experienced an upsurge in homicides because
this increase has mainly affected young
individuals.

In Mexico, homicides are concentrated
between ages 15 and 50 years, affecting
mainly males.8 It is unclear what their net
effect is on life span inequality, but they
certainly had an effect on premature
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mortality. We thus hypothesize that Mexican
males may be experiencing increases in life
span inequality in tandemwith declines in life
expectancy. We also expect uneven vari-
ability across states in the country attributable
to the changing dynamics of violence and
homicides in Mexico.16 For instance, states in
the northern part of Mexico (e.g., Chihua-
hua, Durango, and Sinaloa) experienced the
largest losses in life expectancy between 2005
and 2010,8 and it is likely they also exhibited
large life span variation during that period,
although this impact may now be larger in
other states as homicides spread throughout
the country in recent years.17 On the other
hand, medically amenable mortality im-
provements, which have been Mexico’s
priority since the 1990s,18 could have had a
substantial effect on reducing variation in life
spans, particularly in the poorer states, which
are mostly concentrated in the south.

This article makes 3 main contributions.
First, it contributes to the literature on life
span variation and inequalities in health in the
context of rising homicides. Most literature in
this area focuses on the social determinants
of health such as socioeconomic status or
educational attainment as proximate de-
terminants of life span variation and health
inequality.12,13 Our article highlights the role
of violence, and its ultimate consequence in
the form of homicides, among young adults,
on increasing life span inequality.Wedescribe
the observed changes in homicide mortality
and their link with life span variation and life
expectancy by sex and by region inMexico. A
second contribution is its focus on Mexico
with the growing violence associatedwith the
War on Drugs making it a serious health
policy concern.7,8 Understanding the con-
sequences of violence on population health is
important for policymakers in Mexico and
other countries experiencing similar increases
in homicides such as Honduras in Central
America and Venezuela in South America.2

Finally, this analysis contributes to our
knowledge of regional inequality in life spans.

We analyzed how life expectancy and life
span inequality for the young population
changed over the period from 1990 to 2015
for females and males in Mexico. This
framework allows us to thoroughly analyze
premature mortality and to determine the
ages and causes of death that contributed the
most to the observed changes.

METHODS
We used data on deaths from vital statistics

files available through the Mexican Institute
of Statistics19 that includes information on
cause of death by age, sex, and place of oc-
currence from 1995 to 2015. In addition, we
used population estimates corrected for
completeness, age misstatement, and in-
ternational migration from the Mexican
Population Council to construct age-specific
death rates by age, sex, and state.20

Cause-of-Death Classification
We classified deaths into 8 categories

representing the main causes of death in
Mexico by using the concept of “amenable/
avoidable” mortality (Table A, available as a
supplement to the online version of this article
at http://www.ajph.org).21,22 This concept
assumes that some conditions should not
cause death in the presence of timely and
effectivemedical care and is used as a proxy for
the performance of health care systems.21 To
mitigate biases attributable to misclassification
of causes of death, we focused on deaths
occurring before age 85 years as cause-specific
coding practices for older ages are less reliable
because of the presence of comorbidities,23

and about 99% of homicides occurred at
younger ages in the study period.

We studied 2 comparable 10-year periods—
from 1995 to 2005, and from 2005 to 2015—
that represent periods of major changes in
homicides (Figure A, available as a supplement
to the online version of this article at http://
www.ajph.org). The first period corresponds to
mortality improvements (1995–2005) in which
life expectancy increasedby2.1 and4.3 years for
males and females, respectively,20 and homicide
rates declined among young adults,19 and the
second period (2005–2015) was characterized
by the upsurge of violence and homicides in
Mexico.8

Life Span Inequality Indicator
We used “years of life lost” as a dispersion

indicator and refer to it as “life span in-
equality” or “life span variation” from age 15
years. It is defined as the average remaining life
expectancy at death, or life years lost because
of death (see summary, sectionA, available as a
supplement to the online version of this article
at http://www.ajph.org).14 For example, if a

cohort of newborns all die at the same age,
then the value of life span inequality is zero; to
the extent that death occurs at different ages,
those who die “prematurely” will contribute
years to life span variation. We condition on
surviving to age 15 years because more than
95% of homicides occur at that age and older
and because including infant mortality con-
ceals dynamics of mortality at adult ages.10

This indicator is easy to understand, to
interpret, and to decompose thereby allowing
us to quantify the impact of age- and
cause-specific mortality on changes in life
span variation over time.14 Moreover, the
high correlation between our preferred in-
dicator and othermeasures of variability in life
spans (e.g., variance, Gini coefficient) suggests
that ourmain results would be consistent with
those obtained with any of these additional
measures.14

Demographic Methods
To mitigate random variation in cause-

of-death classification, we smoothed
cause-specific death rates over age by using a
1-dimension P-spline separately by year, sex,
and state, and rescaled them to all-cause death
rates to maintain the overall mortality level.24

Using these mortality rates, we computed
period life tables for each year (1995–2015),
state, and sex following standard demographic
methods.25 Finally, we computed life ex-
pectancies and life span variation conditioned
on surviving to age 15 years and estimated
the age- and cause-specific contributions to
yearly differences between the study periods
by using standard decomposition techniques
(see section B, available as a supplement to the
online version of this article at http://www.
ajph.org).26 All analyses were carried out by
usingR27 and are reproducible (see sectionC,
available as a supplement to the online version
of this article at http://www.ajph.org; in
addition, we created an interactive app to
perform sensitivity analyses available here:
https://demographs.shinyapps.io/LVMx_15_
App).

RESULTS
Table 1 shows cause-specific contributions

to changes in life expectancy and life span
inequality at age 15 years between 1995 and
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2015 and between 2005 and 2015. Among
males, life expectancy increased more than
twice as fast in 1995 to 2005 (1.17 years) than
in 2005 to 2015 (0.55 years). Most causes of
death contributed to life expectancy’s im-
provement in 1995 to 2005 (except for di-
abetes and accidents). Importantly, homicides
declined in 1995 to 2005, which accounted
for about 38.5% (0.45 years) of the overall
gain in life expectancy in this period. About
80% (0.36 years) of the homicide reduction
was concentrated between the ages of 15 and
49 years (Figure B, panel a, available as a
supplement to the online version of this article
at http://www.ajph.org). By contrast, the
slowed-down improvement in life expec-
tancy in 2005 to 2015was mainly the result of
rising homicides and heart diseases—hence,
their negative contributions. Female life
expectancy increased by 0.58 years in 1995
to 2005 and 0.57 years in 2005 to 2015.
These gains resulted from mortality im-
provements in most causes of death with a
negative impact of diabetes and a negligible
impact of homicides, traffic accidents, and
heart diseases.

Life span inequality declined by more than
half a year between 1995 (14.31) and 2005
(13.77) for males. This means that, on aver-
age, Mexican males were losing 6 months
of life less at their time of death in 2005 than
in 1995. Although life span inequality also
declined between 2005 and 2015 (–0.15),
the reduction in 1995 to 2005 was about 4
times larger. In other words, male life span
inequality was stagnant in recent times.
Nonetheless, improvements in other causes of
death contributed to a reduction in life span
inequality in both periods; for example,
mortality declines in accidents and cirrhosis at
younger ages (Figure A, available as a sup-
plement to the online version of this article at
http://www.ajph.org). Importantly, homi-
cides (about 0.19 years) had the largest effect
on increasing life span variation in 2005 to
2015 (i.e., positive contribution). For females,
life span variation decreased since 1995 be-
cause of improvements in most causes of
death. However, in 1995 to 2005, increased
mortality from diabetes and traffic accidents
increased life span inequality, and in 2005 to
2015, homicides were the major contributor

to slowing down improvements in variation
of life spans. These results underscore the
major role of rising homicide rates among
young adults in recent times and the conse-
quent slow improvement in reducing life span
inequality.

In Figures 1 and 2, we focus on results for
males because the impact of homicides is
larger among them; results for females are in
Figures C and D (available as supplements to
the online version of this article at http://
www.ajph.org). Figure 1 shows changes in
life expectancy (panel a) and in life span in-
equality (panel b) for males in each of the 32
states in Mexico between 1995 and 2005 and
between 2005 and 2015. We grouped states
into 3 broad regions: north, central, and
south.

Life expectancy among males had a larger
increase in 1995 to 2005 than in 2005 to 2015
across all states (panel a) except for Yucatán;
some states even experienced reductions in
life expectancy in 2005 to 2015, particularly
in the north (e.g., Chihuahua, Nuevo León,
and Sinaloa). Life span inequality (panel b)
was reduced in most states over the 2 decades,

TABLE 1—Contribution to the Change in Life Expectancy and Life Span Inequality at Age 15 Years in the Periods 1995–2005 and 2005–2015 at
the National Level by Cause of Death When Younger Than 85 Years: Mexico

Contribution to Life Expectancy, Years Contribution to Life Span Inequality, Years

Cause of Death 1995–2005 2005–2015 1995–2005 2005–2015

Males

Amenable to medical service 0.508 0.169 –0.073 0.005

Diabetes –0.572 –0.076 0.028 –0.029

IHD 0.007 –0.116 –0.023 0.003

Lung cancer 0.048 0.099 –0.004 –0.003

Cirrhosis 0.041 0.280 –0.026 –0.105

Homicide 0.447 –0.290 –0.265 0.186

Traffic accidents –0.069 0.180 0.048 –0.097

Other 0.767 0.303 –0.193 –0.107

Total change 1.17 (57.08 to 58.25) 0.55 (58.25 to 58.80) –0.54 (14.31 to 13.77) –0.15 (13.77 to 13.62)

Females

Amenable to medical service 0.630 0.393 –0.236 –0.144

Diabetes –0.612 0.106 0.100 –0.060

IHD 0.074 –0.048 –0.023 –0.012

Lung cancer 0.017 0.021 –0.005 –0.002

Cirrhosis 0.032 0.060 –0.017 –0.028

Homicide 0.023 –0.039 –0.014 0.029

Traffic accidents –0.021 0.044 0.015 –0.024

Other 0.443 0.030 –0.156 0.030

Total change 0.58 (62.75 to 63.33) 0.57 (63.33 to 63.90) –0.34 (12.40 to 12.06) –0.21 (12.06 to 11.85)

Note. IHD= ischemic heart disease.
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1995 to 2015, except for those in the north
and Nayarit. For example, almost every state
between 1995 and 2005 hadmajor reductions
in life span inequality of at least 0.4 years, but
between 2005 and 2015, all states in the north
had negligible reductions in life span in-
equality with 5 states having a large increase
(Chihuahua, Nuevo León, Tamaulipas [all
bordering Texas in the United States],
Sinaloa, and Durango).

Figure 2 shows the contribution of ho-
micides to changes in life span inequality
between 1995 and 2005 and between 2005
and 2015 by state. For contributions from all
cause-of-death categories and for females, see
Figures E and F (available as supplements to
the online version of this article at http://
www.ajph.org).

Every state experienced decreased life span
inequality because of reductions in homicide
mortality between 1995 and 2005. In the
same period, all but 2 states for males, Baja
California Sur in the north and Tlaxcala in the
central region, showed decreased life span
variation attributed to improvements in
medically amenable conditions (Figures E and
F). Aswe hypothesized, the states showing the
larger reductions weremostly concentrated in
the southern region of Mexico (e.g., Chiapas,
Oaxaca, Puebla, Guerrero, and Morelos).

A decade later (2005–2015), however,
there was more heterogeneity in the contri-
bution of causes of death to life span in-
equality. For example, conditions amenable
to medical service contributed to reductions
in life span inequality in some states but small
increases in 9 states for males distributed across
the country, while cirrhosis decreased varia-
tion in life spans in the central and northern
regions. Homicides increased variation in life
spans. Although the increase in homicides
affected life span inequality in all states after
2005, 1 state in the south was affected the
most (about a 1-year increase for males and
about 2 months for females in Guerrero),
followed by some states in the north (increase
of about 0.75 and 0.5 years in Chihuahua and
Sinaloa, respectively) and in the central part of
the country (e.g., Colima). Mortality associ-
ated with diabetes showed negligible con-
tributions to life span inequality in both
periods. Results for females indicate sub-
stantial reductions in life span inequality from
medically amenable conditions and diabetes
in the period 1995 to 2015.
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Note. Life span inequality refers to life years lost because of death, which indicates heterogeneity in ages at
death. A value of zero in life span inequality indicates that all cohort members die at the same age (i.e., no
inequality in ages at death). This figure shows how life span inequality changed in 2 periods: positive values
suggest increases in years of life lost and negative values correspond to reductions in life years lost because
of death. Hence, the desirable association would be that, as life expectancy increases, life span inequality
decreases. This figure shows each of the 32 Mexican states grouped in broad regions: north, central, and south.
Within each region, states are ordered according to themagnitude in changes in life expectancy at age 15 years
in the period 2005–2015.

FIGURE 1—Changes by State and Period in (a) Male Life Expectancy at Age 15 Years and
(b) Male Life Span Inequality at Age 15 Years: Mexico, 1995–2005 and 2005–2015
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DISCUSSION
Ten years after the beginning of the War

onDrugs,Mexico has not been able to reduce
homicides and their effect on longevity, at
least to the levels observed back in 2005. As
violence spread throughout the country,17

life expectancy gains slowed down between
2005 and 2015, with a temporary reversal in
average life span in 2005 to 2010.7,8 Despite
recent efforts from the Mexican government
to contain the upsurge of violence in the
country,5,28 data up to 2015 show that life
circumstances among young adults have not
improved and are actually deteriorating. For
example, almost every state experienced a
reduction in male life expectancy at age 15
years across all regions in Mexico because
of homicides (Figure G, available as a

supplement to the online version of this article
at http://www.ajph.org). The strongest effect
occurred in Guerrero, a state in the southern
region, where life expectancy was reduced by
almost 2 years between 2005 and 2015, fol-
lowed by Chihuahua and Sinaloa in the
north, with life expectancy losses of 1 year
each.Other states also experienced reductions
in life expectancy albeit of lowermagnitude; 3
states in the north (Zacatecas, Baja California
Sur, andNuevo León), 1 in the central region
(Colima), and 1 in the south (Morelos) ex-
perienced losses of half a year. These detri-
mental consequences offset increases in life
expectancy attributable to ongoing public
health interventions such as the enactment of
a universal health insurance program (Seguro
Popular).8,9,18

Furthermore, homicides have slowed
down the progress in reducing life span in-
equality among young adults in Mexico.
Although life span inequality declined by
more than half a year between 1995 and 2005,
a decade later, this progress was stagnant and
barely reached a reduction of less than 2
months. Increase in homicide mortality,
concentrated in the young population (be-
tween the ages of 15 and 50 years), accounted
for most of this outcome. Thus, males in
Mexico not only live less on average, as shown
by life expectancy, but they also face more
uncertainty in their time of death attributable
to the increase in homicides. Larger variation
of life spans underlies greater vulnerability at
the population level. For example, inMexico,
the expected years lived vulnerable to be-
coming victim of violence increased by 30.5
million person-years between 2005 and
2014.29 Moreover, increasing inequality of
life spans means larger heterogeneity in
population health, which translates into the
need for more resources to optimize health
over the life course.13

At the subnational level, the states that
experienced reductions in life expectancy
after 2005 also showed increases in life span
inequality attributable to homicides. These
results are consistent with the upsurge in vio-
lence in these parts of the country. Although
homicides have spread across Mexico,16 they
are not evenly shared among states and over
time. By 2010, the north of Mexico was the
region most affected by homicide mortality.8

By contrast, by 2015, all regions showed similar
patterns of the effects of homicides on life span
inequality. Moreover, although in 2010 Chi-
huahua (northern region) was the state affected
themostbyhomicides relative to the2005 level,
in 2015, Guerrero (southern region) had
overtaken this place.

The impact of violence in the population
in these states is staggering. For instance, in
2010, males aged 15 to 50 years in Chihuahua
had 3 times higher mortality than the US
troops in Iraq between 2003 and 2006.8

Recent evidence suggests that the second-
and fifth-most dangerous cities in the world
are located in the state of Guerrero, ranked
along with cities in countries with higher
homicide rates than Mexico.30 As a result,
young males in Guerrero experienced an
increase in life span inequality of almost an
additional year. These results complement
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Note. This figure shows how homicides contributed to changes in life span inequality (i.e., panel b of Figure 1)
in 2 periods: positive values suggest increases in years of life lost because of homicides and negative values
correspond to reductions in life years lost because of death. This figure shows each of the 32 Mexican states
grouped in broad regions: north, central, and south. Within each region, states are ordered according to the
magnitude of the impact of homicides to life span inequality at age 15 years in the period 2005 to 2015.

FIGURE 2—Contribution of Homicide Mortality to Changes in Male Life Span Inequality by
State and Period: Mexico, 1995–2005 and 2005–2015
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previous evidence on adult health inequalities
among states9,22 by identifying homicides as a
direct contributor to inequalities in pop-
ulation health between and within states.
Moreover, homicides are the ultimate formof
violence, but they do not fully represent its
burden on population health. As a social
determinant of health, exposure to violence
can increase the likelihood that young people
will perpetrate gun violence31 and increases
the risk of depression, alcohol abuse, suicidal
behavior, and psychological problems,
among other detrimental consequences over
the life course.32 Even witnessing violence
can affect the well-being of the population by
increasing rates of posttraumatic stress disor-
der and depression.33

Here, we quantified the effect of rising
homicides on longevity and on life span in-
equality. However, our understanding of the
consequences of violence would benefit from
future research examining if indeed in-
dividuals living in states with increases in life
span inequality do perceive higher vulnera-
bility and how this might affect their long-term
decisions. These studies should also focus on
women as they are less likely to experience a
crime, but they perceive greater vulnerability.29

Moreover, often women are placed in care-
giving roles for victims or experience the loss of
close relatives because of violence that affects
their lives and psychological well-being.29 In
addition, more research is needed to quantify
the long-lasting consequences of rising violence
in the context of theWar onDrugs to anticipate
and intervene in the pathways through which
the current violence might affect future health
outcomes. For example, the health system
might need to be prepared for mental health
issues such as depression, suicidal behavior, and
posttraumatic stress disorder.

In an international context, Mexico’s level of
violence is not even the highest in the region.
Countries in Central America, such as El Sal-
vador andHonduras, andVenezuela, Colombia,
and Brazil in South America have higher ho-
micide rates.1,2 It is likely that these countries
experience higher variation in life spans, which,
along with the existence of high levels of ho-
micides, points to possible failure of policies to
reduce the burden of violence. These policies
should paymore attention to social determinants
of premature mortality and psychosocial factors
and get to the root of violence to prevent its
diffusion toward the young population.

Limitations
This study has some limitations. First,

inaccuracies in cause-of-death practices are
likely to be present in the data that we used.8

To reduce these inaccuracies, we used broad
causes of death and adjusted them with a
smoothing process over age to have reliable
cause-of-death distributions.24 Second, our
estimated effects of homicides could be a
lower bound because of undercounting,
underreporting, and the large number of
missing individuals.8 Third, we were not able
to disentangle whether a homicide was
drug-related (e.g., a homicide resulting from
altercations between drug cartels and army
operations).Thus, our results provide an upper
bound for the possible impact of the War on
Drugs at the population level. Finally, we were
not able todisaggregatedeathsby socioeconomic
status and other social factors that are closely
linked with homicides given that the data are at
the aggregate national level. Future research
should try to shed light into the individual-level
pathways of violence and its effects on life ex-
pectancyand life span inequality.31This illustrates
the need for reliable estimates of mortality by
cause of death and population by socioeconomic
status and other social factors in Mexico.

Conclusion
Mexico has failed to recognize and correct

the detrimental consequences in health and
human rights that suppressive and drug-
prohibition policies have had on the pop-
ulation.34 There is an urgent need to replace
current policies with policies that are less
focused on military actions against drug
cartels. For example, other countries that
underwent a similar upsurge of violence as-
sociated with drug cartels successfully
implemented programs on improving
schooling outcomes and educational and
community programs to reduce the risk
factors of violence (e.g., alcohol consump-
tion).35 This will prevent homicides and
contribute significantly to increases in life
expectancy as well as greater equality of in-
dividual life spans in Mexico.
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