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Summary
Background The death toll after SARS-CoV-2 emergence includes deaths directly or indirectly associated with
COVID-19. Mexico reported 325,415 excess deaths, 34.4% of them not directly related to COVID-19 in 2020. In this
work, we aimed to analyse temporal changes in the distribution of the leading causes of mortality produced by
COVID-19 pandemic in Mexico to understand excess mortality not directly related to the virus infection.

MethodsWe did a longitudinal retrospective study of the leading causes of mortality and their variation with respect
to cause-specific expected deaths in Mexico from January 2020 through December 2021 using death certificate infor-
mation. We fitted a Poisson regression model to predict cause-specific mortality during the pandemic period, based
on the 2015−2019 registered mortality. We estimated excess deaths as a weekly difference between expected and
observed deaths and added up for the entire period. We expressed all-cause and cause-specific excess mortality as a
percentage change with respect to predicted deaths by our model.

Findings COVID-19 was the leading cause of death in 2020−2021 (439,582 deaths). All-cause total excess mortality
was 600,590 deaths (38�2% [95% CI: 36¢0 to 40¢4] over expected). The largest increases in cause-specific mortality,
occurred in diabetes (36¢8% over expected), respiratory infections (33¢3%), ischaemic heart diseases (32¢5%) and
hypertensive diseases (25¢0%). The cause-groups that experienced significant decreases with respect to the expected
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pre-pandemic mortality were infectious and parasitic diseases (-20¢8%), skin diseases (-17¢5%), non-traffic related
accidents (-16¢7%) and malignant neoplasm (-5¢3%).

Interpretation Mortality from COVID-19 became the first cause of death in 2020−2021, the increase in other
causes of death may be explained by changes in the health service utilization patterns caused by hospital conversion
or fear of the population using them. Cause-misclassification cannot be ruled out.

Funding This study was funded by Conacyt.

Copyright � 2022 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND IGO license
(http://creativecommons.org/licenses/by-nc-nd/3.0/igo/)
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Research in context

Evidence before this study

The COVID-19 pandemic has affected mortality patterns
throughout the world, and countries have made efforts
both to contend with it and to measure the excess mor-
tality directly and indirectly associated with it.

We searched for research literature about changes
in excess deaths during the SARS-CoV-2 pandemic in
Mexico and around the world. We found that the public
health burden posed by COVID-19 is not readily esti-
mated with certainty.

Some research and statistical networks have
compiled information from different countries; how-
ever, comparison across countries is challenging. Fur-
thermore, we found few articles reporting on excess
mortality by specific causes. For Norway, a non-sig-
nificant difference in the frequency of the major
causes of death was reported. A study in the United
States revealed significant increases in the number
of deaths not caused directly by COVID-19, mainly
cardiovascular diseases, Alzheimer's or dementia,
and diabetes. While for China, cause specific excess
mortality was reported for diabetes, myocardial
infarction, and hypertension. For Mexico in 2020,
34.4% of excess mortality has not directly related to
SARS-CoV-2 infection.

Added value of this study

Our study provides, to the best of our knowledge, the
first analysis of cause specific excess mortality in a mid-
dle-income country during the COVID-19 outbreak. It
makes important contributions to the understanding of
COVID-19 attributable mortality, and changes in the
proportional contributions of each cause of death to
overall mortality in this kind of country. We also suggest
different hypotheses to explain cause-specific increases;
for instance, in the case of diabetes and ischaemic heart
disease, where excess mortality could be associated
with changes in health services availability and
utilization.
Implications of all the available evidence

The excess mortality during the SARS-CoV-2 pandemic
in Mexico is not due only to deaths directly associated
with COVID-19, but with other causes, such as ischaemic
heart diseases, diabetes, and hypertensive diseases as in
other parts of the world. Disruption of health services
and deferred health care could explain excess mortality
for certain causes; although further research is needed
to determine the factors behind these findings. Our
study may be useful to understand how the emergence
of COVID-19 has affected mortality in other middle-
income countries in the Latin American region.
Introduction
More than two years after the emergence of the corona-
virus (SARS-CoV-2) in Wuhan, China in late 20191 and
the declaration of a pandemic by the World Health
Organization (WHO) in March 2020,2 the number of
people infected continues to rise. The global death toll
is enormous, exceeding 6¢1 million,3 although that
number is subject to great uncertainty. It was estimated
that by December 2021, 18¢2 million people died world-
wide due to the pandemic, as measured by excess
mortality.4

Among the difficulties in determining the magni-
tude of mortality (directly or indirectly) associated with
COVID-19 are the level of coverage by death certifica-
tion, timeliness of reporting, and challenges of diagnos-
tic confirmation, particularly in lower-resource
countries. The public health burden posed by COVID-
19 is a critical matter for decision-making but not read-
ily estimated with a high degree of certainty. The stan-
dardization of estimation and reporting methods for
excess all-cause and cause specific mortality is a global
priority.5

Research and statistical networks, such as EURO-
MOMO,6 Our World in Data,7 and COVerAGE-DB,8
www.thelancet.com Vol 13 September, 2022
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compiled information from different countries to moni-
tor the daily mortality burden of COVID-19 at the global
level; however, comparing across countries is chal-
lenged by structural differences in national reporting
systems, differences in the age structures and preva-
lence of comorbidities, and the response capacities of
different national health systems.9

Mexico belongs to the group of countries with the
highest excess mortality during the pandemic, along
with India, USA, Russia, Mexico, Brazil, Indonesia, and
Pakistan in the world and Brazil, Chile, Ecuador, Guate-
mala, and Peru in the Latin American region.10,11 A
study of all-cause excess mortality in Mexico estimated
1,050,383 deaths in 2020, with 326,610 excess deaths
(45¢1%) compared to the endemic channel of the previ-
ous five years.12 The Organization for Economic Coop-
eration and Development13 estimated a 52% increase.
Another recent analysis of global mortality from
COVID-19 estimated 798,000 excess deaths for Mexico
by December 2021, placing it among the seven coun-
tries with the highest excess mortality in the world.4

This excess mortality is heterogeneous throughout the
national territory and between sexes. Garc�ıa-Guerrero
and Beltr�an-S�anchez estimated that, in association with
COVID-19, by December 2020, the Mexican population
had lost about 2¢5 and 3¢6 years of life expectancy at
birth for women and men, respectively. The biggest
losses concentrated in the Northeastern, Central, and
Southeastern states.14

Excess deaths from all causes include deaths from
conditions that could be directly or indirectly associated
with COVID-19. In the United States, 12¢5% of the
excess deaths in 2020 were not assigned to COVID-
1915; the main associated diseases were cardiovascular
diseases, Alzheimer's, and diabetes.16 In Italy, the main
causes that contributed to the excess mortality not attrib-
uted to COVID-19 during 2020 were respiratory dis-
eases, Alzheimer's disease, and diabetes mellitus17; in
China, they were diabetes, hypertensive diseases, and
myocardial infarction.18

According to Mexico’s excess mortality bulletin, 34¢4%
of estimated excess mortality by causes was not directly
associated to SARS-CoV-2 infection in 2020.19 Moreover,
a higher ratio of excess mortality rate to reported COVID-
19 mortality rate was revealed in Mexico compared to
other countries,4 suggesting a higher proportion of excess
deaths not attributable to COVID-19.

For public health planning and response, it is critical
to have credible estimates of the excess deaths related to
the pandemic, beyond those directly caused by COVID-
19. This study analyses the changes in mortality pat-
terns introduced by the emergence of COVID-19 in
Mexico, a severely affected, middle-income country with
126 million inhabitants.

Estimating cause-specific excess mortality is particu-
larly important for Mexico, to support public health
decisions in a country with high prevalence of chronic
www.thelancet.com Vol 13 September, 2022
diseases, such as obesity and diabetes, health conditions
that have been differently related to the COVID-19 pan-
demic. Our results show changes in the mortality pat-
terns in Mexico; this evidence could be useful to other
middle-income countries to understand the effect of the
pandemic in mortality composition.
Methods

Study design and data sources
We carried out a longitudinal retrospective study of the
health records, in Mexico, to assess the excess mortality
and its composition by leading causes of death and
changes in their rates. We examined the absolute and
percentage change of total observed deaths between Jan-
uary 1, 2020, and December 31, 2021, in comparison to
the number of deaths predicted by a statistical model
using the weekly mortality data series 2015−2019. After
reviewing the available sources of information on mor-
tality, we decided to use data from death certificates reg-
istered in the national Epidemiological and Statistical
Subsystem of Deaths (SEED, acronym in Spanish),20

administered by the ministry of health, updated on
March 14, 2022. We also considered mortality data
from the National Institute of Statistics and Geography
(INEGI, acronym in Spanish),21 epidemiological surveil-
lance (SISVER), and the National Civil Registry Data-
base (CRND) administered by the National Population
Registry (RENAPO, acronym in Spanish). However,
despite a little underreporting in SEED before 2019,
from that year on, it behaves very well against both
INEGI and the CRND. As INEGI only covers up to
2020 and the civil registry data is not ICD coded for
cause of death, the best, and most comprehensive
option was SEED.

To estimate mortality by specific group-causes,
including COVID-19, we used all records from SEED.20

This database contains information about medical atten-
tion received, place of death, sociodemographic charac-
teristics of the deceased, and the ICD-10 classification of
cause of death.

We performed a relative comparison between the
available databases to assess the difference, by state and
calendar week, taking as reference 2015−2019, of the
vital statistics data published by the INEGI,21 the civil
registry (CRND),22 and SEED. We estimated that the lat-
ter had a death record of 96¢5% in 2020 (data in supple-
mental material, page 5). Based on the United Nations
Demographic Yearbook Vital Statistics Questionnaire
(United Nations Statistics Division), Mexico had at least
90% coverage of death counts.
Procedures
We used information on cause of death from SEED,
which was classified according to ICD-10 via a WHO-
3
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recommended automatic algorithm that uses the set of
causes, chronological order of appearance, and duration
since onset, annotated by the certifying physician on the
death certificate.23 Experts from the General Directorate
of Health Information and the General Directorate of
Epidemiology and the Mexican Center for the Classifica-
tion of Diseases provide overall quality control for the
classification process. Deaths already coded based on
the ICD-1024 were grouped according to 24 cause-
groups based on the Global Burden of Disease (2010)
classification.25 An additional category referring to
COVID-19 was added to the lower respiratory infections
subgroup (ICD-10 codes: U07¢1 COVID-19, virus identi-
fied and U07¢2 COVID-19, virus not identified)26 and
also considered in the statistical analyses. Given their
public health importance, we disaggregated cardiovas-
cular diseases into four subgroups and injuries into
two.

We described sociodemographic characteristics as
recorded on the death certificates of people who died
during the period of study: age, sex, occupation, educa-
tional level, institution where they received medical
care, and place of death.
Statistical analysis
Using the 2015−2019 data, we fitted a Generalized Esti-
mating Equations (GEE) model to estimate the weekly
expected number of deaths and their 95% confidence
intervals by specific cause-group in 2020 and 2021.
This statistical methodology is an extension of General-
ized Linear Models for grouped data in which a time-
dependent structure may be considered,27 in our model
we set a two-level structure with weekly mortality data
nested within specific cause-groups. Our linear predic-
tor included a secular trend parameterized with a linear
splines function and an annual seasonality function
based on Fourier series, both the secular trend and sea-
sonality terms interacted with each of the 29 specific
cause-groups indicator variables (our model was param-
eterized without a general constant). We specified the
log as a link function between the linear predictor and
the expected values of deaths, we set an autoregressive
correlation structure of first order within cause-groups
and a variance function for our outcome concordant
with the Poisson distribution but with an extra scale
parameter able to capture possible over dispersion. Fur-
ther details of our model are available in the supplemen-
tary material (page 2).

After fitting the model to the 2015−2019 data, we
predicted the mean number of deaths for each week
during the 2020−2021 period for each specific cause-
group following its estimated secular trend and season-
ality functions, we set these predictions as reference
value for calculating excess deaths for each week. We
obtained cumulative excess deaths by summing weekly
excess deaths during 2020−2021. We also obtained a
P-score for cumulative excess deaths during 2020
−2021 as ((observed /expected) -1) * 100. For selected
groups of causes, we calculated the expected number of
deaths as a group by adding up their specific estimates.
Standard errors for cumulative expected number of
deaths for both joined and specific cause-groups were
obtained through the Delta method.

It should be noted that our excess mortality esti-
mates reflect only the uncertainty regarding the predic-
tions of the mean under our model, that is, the number
of observed deaths were considered known during the
pandemic period. In contrast, the weekly mean number
of deaths, which is our reference value to calculate
excess mortality, is estimated with our GEE model with
its corresponding level of uncertainty. Our excess mor-
tality definition, as a linear combination of a random
variable and a realized or observed variable, only reflects
the uncertainty of the mean estimation. For a formal
description of our procedure, refer to the methodologi-
cal appendix in the supplementary material (page2). We
carried out all analyses using Stata/MP Version 17.0.
Role of funding source
This study was funded by Conacyt through the follow-
ing programs: Investigadores por M�exico y Estancias pos-
doctorales por M�exico.
Results

Leading causes in total observed mortality 2020−2021
Mexico reported a total of 2,174,589 deaths between Jan-
uary 1, 2020, and December 31, 2021; 1,088,726 in
2020 and 1,085,863 in 2021 (Table 1). COVID-19 was
the leading cause of death in 2020 (202,141 deaths,
rate: 158¢2 per 100,000) and 2021 (237,441 deaths, rate:
184¢1 per 100,000). Ischaemic heart disease was the
second cause of death in 2020 (166,002 deaths, rate
129¢9 per 100,000) and 2021 (164,461 deaths, rate:
127¢5 per 100,000). Next, we found diabetes mellitus
(155,637 in 2020, rate: 121¢8, and 143,020 in 2021, rate:
110¢9); malignant neoplasms (92,008 in 2020, rate: 72,
and 89,420 in 2021, rate: 69¢3); digestive diseases
(72,017 in 2020, rate: 56¢4, and 74,208 in 2021, rate:
57¢5), (Table 1).
Leading cause-groups of excess mortality
Cause-group specific mortality showed different behav-
iour during the pandemic period; 15 cause-groups
increased with respect to predicted values to a total of
660,212 deaths. The rest of cause-groups decreased by
a total of 59,620 deaths and were expressed as negative
values and percentages. Thus, overall, the number of
estimated excess deaths was 600,590 (95% CI: 575,125
to 626,056) which represented an increase of
((2,174,589 /1,573,999)-1)*100 = 38¢2% (95% CI: 36¢0
www.thelancet.com Vol 13 September, 2022



Disease subgroup 2019 2020 2021

Deaths % Rate Deaths % Rate Deaths % Rate

II.G Cardiovascular diseases 192,015 26¢3% 151¢7 260,334 23¢9% 203¢7 255,719 23¢4% 198¢3
II.G.03 Ischaemic heart disease 110,989 15¢2% 87¢7 166,002 15¢2% 129¢9 164,461 15¢0% 127¢5
II.G.04 Cerebrovascular disease 34,840 4¢8% 27¢5 37,393 3¢4% 29¢3 37,828 3¢5% 29¢3
II.G.02 Hypertensive diseases 25,416 3¢5% 20¢1 35,056 3¢2% 27¢4 31,996 2¢9% 24¢8

I.B.01.b COVID-19 202,141 18¢6% 158¢2 237,441 21¢7% 184¢1
II.C Diabetes mellitus 104,265 14¢3% 82¢4 155,637 14¢3% 121¢8 143,020 13¢1% 110¢9
II.A Malignant neoplasms 88,292 12¢1% 69¢8 92,008 8¢4% 72¢0 89,420 8¢2% 69¢3
II.I Digestive diseases 70,365 9¢6% 55¢6 72,017 6¢6% 56¢4 74,208 6¢8% 57¢5
I.B Respiratory infections 32,486 4¢4% 25¢7 60,164 5¢5% 47¢1 42,099 3¢8% 32¢6
II.H Respiratory diseases 36,642 5¢0% 28¢9 37,219 3¢4% 29¢1 33,284 3¢0% 25¢8
III.B Intentional injuries 32,281 4¢4% 25¢5 33,981 3¢1% 26¢6 32,428 3¢0% 25¢1

III.B.02 Injuries (homicide) 26,328 3¢6% 20¢8 27,268 2¢5% 21¢3 25,449 2¢3% 19¢7
III.B.01 Intentionally self-inflicted injuries (suicides) 5951 0¢8% 4¢7 6713 0¢6% 5¢3 6979 0¢6% 5¢4

III.A Accidents 32,133 4¢4% 25¢4 29,177 2¢7% 22¢8 31,410 2¢9% 24¢4
III.A.01 Motor Vehicle Traffic Accidents 8724 1¢2% 6¢9 8280 0¢8% 6¢5 8783 0¢8% 6¢8

II.J Genitourinary system diseases 26,279 3¢6% 20¢8 27,927 2¢6% 21¢9 27,844 2¢5% 21¢6
I. A Infectious and parasitic diseases 20,573 2¢8% 16¢3 18,569 1¢7% 14¢5 19,489 1¢8% 15¢1
II.E Mental disorders and nervous system diseases 16,512 2¢3% 13¢0 17,233 1¢6% 13¢5 16,679 1¢5% 12¢9
II.D Other endocrine, metabolic, hematological, and immunological diseases 10,261 1¢4% 8¢1 13,247 1¢2% 10¢4 13,367 1¢2% 10¢4
IV.0 Ill-defined causes 11,026 1¢5% 8¢7 12,289 1¢1% 9¢6 13,246 1¢2% 10¢3
I.E Nutritional deficiencies 10,092 1¢4% 8¢0 11,191 1¢0% 8¢8 11,319 1¢0% 8¢8
I.D Certain conditions originated in the perinatal period 11,352 1¢6% 9¢0 10,666 1¢0% 8¢3 10,060 0¢9% 7¢8
III.C Events (injuries) of undetermined intent 10,574 1¢4% 8¢4 10,287 0¢9% 8¢0 9335 0¢9% 7¢2
II.B Other neoplasms 7080 1¢0% 5¢6 6487 0¢6% 5¢1 7059 0¢6% 5¢5
II.L Musculoskeletal disorders 5206 0¢7% 4¢1 5555 0¢5% 4¢3 5708 0¢5% 4¢4
II.M Congenital birth defects 5305 0¢7% 4¢2 4993 0¢5% 3¢9 4779 0¢4% 3¢7
II.K Skin diseases 4391 0¢6% 3¢5 3783 0¢3% 3¢0 4232 0¢4% 3¢3
II.M Other congenital malformations 3318 0¢5% 2¢6 3021 0¢3% 2¢4 2852 0¢3% 2¢2
I.C Maternal disorders 598 0¢1% 0¢5 581 0¢1% 0¢5 652 0¢1% 0¢5
II.N Oral disorders 163 0¢0% 0¢1 169 0¢0% 0¢1 168 0¢0% 0¢1
II.F Sense organ diseases 41 0¢0% 0¢0 50 0¢0% 0¢0 45 0¢0% 0¢0
Total deaths 731,250 100¢0% 1,088,726 100¢0% 1,085,863 100¢0%

Table 1: Leading causes of death according to the classification of major causes in the Global Burden of Disease, Mexico 2019−2021.
Source: Prepared by the authors on information from the Epidemiological and Statistical Subsystem of Deaths (SEED), 2020−2021.
Crude rate with respect to the Mexican population in 2020. Conapo population projections.
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to 40¢4) with respect to expected deaths. Consistently
with total observed mortality, the five-leading cause-
groups of excess mortality were COVID-19 with
439,582 deaths (439,558/600,590 = 73¢2% of overall
excess mortality), followed by ischaemic heart disease
(81,136 deaths in excess, 13¢5%), diabetes mellitus
(80,294; 13¢4%), other respiratory infections (25,571;
4¢3%) and hypertensive diseases (13,430; 2¢2%) (Table 2:
% of overall excess). On the other hand, the five cause-
groups with the largest absolute decrease in the pan-
demic period compared to predicted values were malig-
nant neoplasms (-10,126; -1¢7% of overall excess
mortality), infectious and parasitic diseases (-9,992;
-1¢7% of overall excess mortality), non-traffic related
accidents (-8,732; -1¢5%), digestive diseases (-7,025;
-1¢2%) and chronic respiratory diseases (-5,590; -0¢9%).
Percent change in cause-group specific mortality
patterns
When analysing changes in cause-group specific mortal-
ity introduced by the pandemic (2020−2021) in com-
parison with the reference pre-pandemic period (2015
−2019); we found that, besides the fact that COVID-19
became the leading cause of death in the country,
ischaemic heart diseases increased by 32¢5% (95% CI:
[27¢2 to 38¢3]) with respect to predicted cause-group spe-
cific expected deaths and calculated as ((330,463/
249,327)-1)*100 (Table 2). Diabetes mellitus increased
by 36¢8% (95% CI: [31¢2 to 42¢8]); respiratory infections
by 33¢3% (95% CI: [23¢7 to 44¢6]); and hypertensive dis-
eases by 25¢0% [95% CI: [15¢1 to 36¢8]). The cause-
groups that experimented significant decreases with
respect to the expected pre-pandemic mortality were:
infectious and parasitic diseases -9,992 (-20¢8%, 95%
CI: [-27¢9 to -12¢2]); skin diseases -1,701 (-17¢5%, 95%
CI: [-31¢8 to 4¢3]), non-traffic related accidents -8,732
(-16¢7%, 95% CI: [-23¢7 to -8¢4]) and malignant neo-
plasm -10,126 (-5¢3%, 95% CI: [-9¢5 to -0¢7) (Table 2).

The upper panel of Figure 1 shows the time trends of
the three leading cause-groups of death over the period
2015−2021 and COVID-19 (2020−2021); for clarity, we
grouped all cardiovascular diseases into a single group.
The temporal trend of excess deaths for each one of
these cause-groups in the pandemic period follows
closely that of COVID-19. Three epidemic peaks of great
magnitude were observed in week 28 of 2020 and
weeks three and 33 of 2021, coinciding with the maxi-
mum mortality peaks caused by COVID-19. The sea-
sonal trend observed in these three cause-groups in the
pre-pandemic period was disrupted in the pandemic
period. The inferior panel shows the trend for each of
the selected cause-groups, with independent scales for a
clearer view of the trends of observed deaths, the
expected deaths and their confidence intervals.

Figure 2 shows absolute and proportional mortality
by sex, age-group cause-groups through 2015−2021.
The left panel shows the percent change of years 2020
and 2021 with respect to 2019, it also serves as a colour
scale to identify specific cause-groups in the composite
graph of the right panel. The central section of the right
panel shows proportional mortality by cause-group, sex
and age-group through 2015 to 2021; the upper and
lower sections of the right panel show absolute mortal-
ity. The effect of COVID-19, in absolute mortality, starts
showing at the age-group 20−44 years with an increas-
ing trend in older age-groups in men and women,
although, proportionally, the most affected group was
the 40−64 group in both men and women. Figure 2
also reflects the increases in cardiovascular diseases,
diabetes mellitus and other respiratory infectious dis-
eases; the latter showing an increase only in 2020. An
interactive version of Figure 2 may be found in https://
uisp.insp.mx/leadingcauses.html.
Sociodemographic characteristics and access to health
care
Table 3 shows different sociodemographic characteris-
tics and place where death occurred, as well as medical
assistance received. The proportion of men who died
from COVID-19 was higher than that of those who died
from other causes (62¢0% vs. 56¢6%), the rest of the
cause-groups behaved similarly to the pre-pandemic
period.

In the pandemic period, the percentage distribution
of deaths, caused by COVID-19, by age group was differ-
ent from the distribution for the rest of the causes. In
this age group, 40¢2% of deaths were attributed to
COVID-19, while 25¢6% were attributed to the rest of
the causes, similar to the percentage distribution in the
pre-pandemic period. On the other hand, the proportion
of deaths attributed to COVID-19 in the 65 years and
over group, as well as the 20−44 age group were
smaller compared to the proportion of deaths attributed
to the rest of the causes in these age groups during the
pandemic and pre pandemic period.

We found a higher educational level between those
dying from COVID-19; the proportion of people who
died from COVID-19 in this age group was 26¢0% com-
pared to 15¢3% of those who died from other causes;
these proportions are much larger compared to the pro-
portion of people who died in this age group in the pre-
pandemic period 5¢8%. Independently of age and sex,
the proportion of people who died from COVID-19 and
were employed at the time of dead was more than
1¢7 times higher (34¢5%) than the employed people who
died from other causes (19¢8%). Moreover, the propor-
tion of employed people who died from other causes in
the pandemic period was more than 2¢5 times higher
than in the pre-pandemic period (7¢5%).

COVID-19 deaths occurred mainly in hospitals
(83¢0%) compared to people who died from other
caused (32¢8%) and the majority received medical care
www.thelancet.com Vol 13 September, 2022
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Periodo: 2020:01 a 2021:52
Expected deaths Observed deaths Excess deaths Percentage excess deaths % of overall excess

Number (IC95%) (Observed-expected) (IC95%) % (95% CI)

I.B.01.b COVID-19 0 (0, 0) 439,582 439,582 (439,582 to 439,582) - - 73¢2
II.G.03.0 Ischaemic heart diseases 249,327 (238,957 to 259,698) 330,463 81,136 (70,765 to 91,506) 32¢5 (27¢2 to 38¢3) 13¢5
II.G.04.0 Cerebrovascular disease 70,595 (65,439 to 75,752) 75,221 4626 (-531 to 9782) 6¢6 (-0¢7 to 14¢9) 0¢78
II.G.02.0 Hypertensive diseases 53,622 (49,005 to 58,239) 67,052 13,430 (8813 to 18,047) 25 (15¢1 to 36¢8) 2¢2
II.G Other cardiovascular

diseases

40,439 (36,633 to 44,244) 43,317 2878 (-927 to 6684) 7¢1 (-2¢1 to 18¢2) 0¢5

II.C Diabetes mellitus 218,363 (209,135 to 227,591) 298,657 80,294 (71,066 to 89,522) 36¢8 (31¢2 to 42¢8) 13¢4
I.B Respiratory infections 76,692 (70,716 to 82,667) 102,263 25,571 (19,596 to 31,547) 33¢3 (23¢7 to 44¢6) 4¢3
II.D Other endocrine, metabolic,

hematological, and immuno-

logical diseases

21,462 (18,549 to 24,375) 26,614 5152 (2239 to 8065) 24 (9¢2 to 43¢5) 0¢9

IV.0. Ill-defined causes 22,259 (19,328 to 25,190) 25,535 3276 (345 to 6207) 14¢7 (1¢4 to 32¢1) 0¢5
III.A Motor vehicle road injuries 15,226 (13,074 to 17,377) 17,063 1837 (-314 to 3989) 12¢1 (-1¢8 to 30¢5) 0¢3
I.E Nutritional deficiencies 20,968 (18,110 to 23,827) 22,510 1542 (-1317 to 4400) 7¢4 (-5¢5 to 24¢3) 0¢3
II.J.01.0 Nephritis and nephrosis 38,467 (34,457 to 42,477) 39148 681 (-3329 to 4691) 1¢8 (-7¢8 to 13¢6) 0¢1
I.C Maternal disorders 1091 (491 to 1692) 1233 142 (-459 to 742) 13 (-27¢1 to 151¢1) 0¢0
II.F Sense organ diseases 58 (-55 to 170) 95 37 (-75 to 150) 63¢8 (-44¢1 to -272¢7) 0¢0
II.N Oral disorders 309 (-26 to 645) 337 28 (-308 to 363) 9¢1 (-47¢8 to -1396¢2) 0¢0
III.B.01.0 Self-harm (suicides) 13,903 (11,349 to 16,456) 13,692 -211 (-2764 to 2343) -1¢5 (-16¢8 to 20¢6) 0

II.L Musculoskeletal disorders 11,922 (9635 to 14,209) 11,263 -659 (-2946 to 1628) -5¢5 (-20¢7 to 16¢9) -0¢1
III.B.02.0 Assaults (homicides) 53,454 (48,870 to 58,038) 52,717 -737 (-5321 to 3847) -1¢4 (-9¢2 to 7¢9) -0¢1
I.D Certain conditions originated

in the perinatal period

22,015 (19,223 to 24,808) 20,726 -1289 (-4082 to 1503) -5¢9 (-16¢5 to 7¢8) -0¢2

II.E Mental disorders and nervous

system diseases

35,443 (31,642 to 39,244) 33,912 -1531 (-5332 to 2270) -4¢3 (-13¢6 to 7¢2) -0¢3

II.M Congenital birth defects 17,232 (14,712 to 19,753) 15,645 -1587 (-4108 to 933) -9¢2 (-20¢8 to 6¢3) -0¢3
II.K. Skin diseases 9716 (7681 to 11,751) 8015 -1701 (-3736 to 334) -17¢5 (-31¢8 to 4¢3) -0¢3
II.J Other genitourinary system

diseases

19,575 (16,651 to 22,499) 16,623 -2952 (-5876 to -28) -15¢1 (-26¢1 to -0¢2) -0¢5

II.B Other neoplasms 17,175 (14,256 to 20,094) 13,546 -3629 (-6548 to -710) -21¢1 (-32¢6 to -5¢0) -0¢6
II.H Chronic respiratory diseases 74,362 (69,043 to 79,681) 70,503 -3859 (-9178 to 1460) -5¢2 (-11¢5 to 2¢1) -0¢6
III.C. Events (injuries) of undeter-

mined intent

25,212 (21,684 to 28,740) 19,622 -5590 (-9118 to -2062) -22¢2 (-31¢7 to -9¢5) -0¢9

Table 2 (Continued)
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Periodo: 2020:01 a 2021:52
Expected deaths Observed deaths Excess deaths Percentage excess deaths % of overall excess

Number (IC95%) (Observed-expected) (IC95%) % (95% CI)

II.I Digestive diseases 153,250 (145,286 to 161,215) 146,225 -7025 (-14,990 to 939) -4¢6 (-9¢3 to 0¢6) -1¢2
III.A Non-traffic related accidents 52,256 (47,495 to 57,016) 43,524 -8732 (-13,492 to -3971) -16¢7 (-23¢7 to -8¢4) -1¢5
I.A Infectious and parasitic

diseases

48,050 (43,325 to 52,776) 38,058 -9992 (-14,718 to -5267) -20¢8 (-27¢9 to -12¢2) -1¢7

II.A Malignant neoplasms 191,554 (182,637 to 200,472) 181,428 -10,126 (-19,044 to -1209) -5¢3 (-9¢5 to -0¢7) -1¢7
Total 1,573,999 (1,548,533 to 1,599,464) 2,174,589 600,592 (575,125 to 626,056) 38¢2 (36¢0 to 40¢4) 100

I.B Respiratory infections + I.B.01.

b COVID-19

76,692 (70,716 to 82,667) 541,845 465,153 (459,178 to 471,129) 60¢5 (55¢5 to 66¢2) 77¢4

II.G Cardiovascular diseases (II.

G + II.G.02.0 + II.G.03.0 + II.

G.04.0)

413,983 (400,947 to 427,019) 516,053 102,070 (89,034 to 115,106) 24¢7 (20¢9 to 28¢7) 16¢9

Respiratory infections+Cardio-

vasculares+Diabetes mellitus

+Covid-19

709,037 (691,985 to 726,090) 1,356,555 647,518 (630,465 to 664,570) 91¢3 (86¢8 to 96¢0) 107¢8

II.J Genitourinary system dis-

eases: Other genitourinary sys-

tem diseases + Nephritis and

nephrosis

58,042 (53,079 to 63,005) 55,771 -2271 (-7234 to 2692) -3¢9 (-11¢5 to 5¢1) -0¢3

III.A Accidents: Motor vehicle

road injuries + Other injuries

67,481 (62,257 to 72,706) 60,587 -6894 (-12119 to -1670) -10¢2 (-16¢7 to -2¢7) -1¢1

III.B Intentional injuries: Self-

harm (suicides)+ Assaults

(homicides)

67,357 (62,110 to 72,604) 66,409 -948 (-6195 to 4299) -1¢4 (-8¢5 to 6¢9) -0¢16

Table 2: Difference between observed deaths 2020-2021, and their expected values from a model for 2015−2019 that includes seasonality and secular trend term.
Source: Prepared by the authors on information from the Epidemiological and Statistical Subsystem of Deaths (SEED), 2020−2021.

A
rticles

8
w
w
w
.th

elan
cet.com

V
ol13

Sep
tem

b
er,2022



Figure 1. Trends in leading causes of death, M�exico 2015 − 2019.
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whether in hospitals or outpatient services (95�2% vs.
80�6%) (Table 3).

The proportion of deaths by the rest of the causes
that occurred in hospitals was lower in the 2020−2021
period (32¢8%) compared to the pre-pandemic period
(45¢1%); this is most notable when analysed by cause of
death. The proportion of deaths by diabetes and ischae-
mic heart disease that occurred in a hospital was 46%
and 47% lower in the pandemic period compared to the
pre-pandemic period, respectively (Table 3).

Death certificates without an underlying cause
assigned accounted for 0�12% (n = 6605); of these 6560
occurred in 2021, which represents 0¢6% of total deaths
in that year, and they were not included in the model.
www.thelancet.com Vol 13 September, 2022
Discussion
This study makes important contributions to the under-
standing of changes in mortality during the COVID-19
outbreak in Mexico, whether these deaths are directly or
indirectly attributed to COVID-19. We compared all-
cause and cause-specific mortality, observed during
three pandemic waves from January 2020 to December
2021, to the expected number of deaths (2020−2021),
estimated with a statistical model, projecting cases
using data from 2015 to 2019.

We documented an all-cause mortality excess of
38¢2% for 2020−2021, which is smaller than the 45¢1%
previously reported for 2020.12 This could be explained
by a slightly lower excess mortality in 2021; in addition,
9



Figure 2. Absolute and proportional mortality by sex, age-group cause-groups Mexico 2015−2021.

Articles

10
the 2020 study was performed with data from the
CRND, also a different method to estimate expected
deaths (2015−2019 endemic channel). Lima and col-
leagues have outlined great variability between different
times of the pandemic and data sources.

The reported all-cause excess mortality during the
pandemic has varied greatly among countries.28 A
recent report29 found that for Germany, overall mortal-
ity was lower in 2020 than in four preceding years,
whereas for Sweden and Spain, excess mortality was 3%
and 15%, respectively. Latin America has been one of
the most affected regions. Mexico is among the five
countries with the highest excess mortality, along with
Brazil, Peru, Colombia, and Ecuador.30 However,
reported studies are difficult to compare, given the dif-
ferences in the epidemic time and time span reported,
age structures, comorbidities prevalence, or COVID-19
death reporting.

In our literature search, we found few articles report-
ing on excess mortality by specific cause, although
some authors have shown interest in the proportion of
excess mortality that cannot be directly associated with
SARS-CoV-2 infection. For instance, in the United
States, 12¢5% of the excess deaths in 2020 were not
assigned to COVID-19.15 In Italy, one of the countries
most affected by the first pandemic wave, cause-specific
excess mortality was studied for March and April 2020.
The authors found notable increases for many of the
main causes of death. Mortality from respiratory infec-
tions had the greatest increase. Other causes with
remarkable excess mortality were Alzheimer’s disease,
diabetes mellitus, and hypertensive diseases.16,17

For Norway, Raknes et al.,31 reported a nonsignifi-
cant difference in the frequency of the major causes of
death, and only a 4¢1% increase for diabetes during the
first wave. Reports from Guangzhou show increases for
diabetes (10¢2%), hypertension (14¢5%), and myocardial
infarction (8¢6%).18 In Wuhan, during the first three
months of the outbreak, Liu et al.32 reported an all-cause
excess mortality of 56¢0% and cause-specific mortality
for diabetes (83¢0%), myocardial infarction (23%), and
hypertension (200%). The series that is more
www.thelancet.com Vol 13 September, 2022



2015−2019 2020 & 2021

All causes COVID-19 Remaining causes

Sex Deaths % Deaths % Deaths %

Men 1,892,945 55¢6 272,488 62 981,546 56¢6
Women 1,506,104 44¢2 167,003 38 751,751 43¢3
Not specified 6170 0¢19 94 0 1600 0¢0

Age group

65 and over 1,947,850 57¢1 214,149 48¢7 1,012,895 58¢4
45−64 823,580 24¢2 176,846 40¢2 443,437 25¢6
20−44 439,941 12¢9 46,982 10¢7 208,875 12¢0
Less than 20 199,454 5¢9 1608 0¢4 69,690 4¢0

Education

Not specified 2,311,433 67¢8 55,516 12¢6 371,236 21¢4
Incomplete high school or less 199,104 5¢8 114,244 26 265,616 15¢3
Completed high school or higher 900,288 26¢4 269,825 61¢4 1,098,045 63¢3

Currently employed

Yes 254,421 7¢5 151,815 34¢5 345,264 19¢8
No 949,327 27¢8 253,162 57¢6 1,214,994 69¢8
Not specified 2,207,150 64¢7 34,608 7¢9 181,286 10¢4

Place of death

Medical units 1,538,341 45¢1 364,693 82¢9 568,684 32¢8
Household 1,534,991 0¢4 63,595 14¢4 971,403 56¢0
Public Road 151,927 4¢5 764 0¢2 65,149 3¢8
Not specified 185,566 5¢4 10,533 2¢4 129,661 7¢5

Diabetes

Medical units 217,312 43 364,693 83 69,550 23¢3
Household 267,834 52¢9 63,595 14¢5 206,986 69¢3
Public Road 1783 0¢4 764 0¢2 1086 0¢4
Not specified 19,000 3¢8 10,533 2¢4 21,043 7¢0

Ischaemic heart diseases

Medical units 119,390 24¢4 364,693 83 42,987 13¢0
Household 330,629 67¢5 63,595 14¢5 255,649 77¢4
Public Road 8892 1¢8 764 0¢2 4037 1¢2
Not specified 30,808 6¢3 10,533 2¢4 27,799 8¢4

Received medical care

No 486,335 14¢3 8202 1¢9 250,457 14¢4
Yes 2,726,993 80¢0 418,673 95¢2 1,393,471 80¢3
Not specified 197,497 5¢8 12,710 2¢9 90,969 5¢2

Table 3: Sociodemographic characteristics of COVID-19 decedents.
Source: Prepared by the authors on information from the Epidemiological and Statistical Subsystem of Deaths (SEED), 2020−2021.

Articles
comparable to our data relates to cause-specific excess
mortality reported for the United States, an all-cause
mortality excess of 17¢7% (505,976 deaths) and cause-
specific mortality for cardiovascular diseases (4¢8%) and
diabetes (15¢4%).33

A recent publication estimated 798,000 excess
deaths for Mexico by December 2021, placing it among
the seven countries with the highest excess mortality in
the world.4 In this study, the authors developed an
ensemble model to predict the expected number of
deaths in 2020 and 2021 assuming the absence of
COVID-19. They used a statistical model to estimate
excess mortality for all countries. Our results suggest a
www.thelancet.com Vol 13 September, 2022
smaller figure, 600,590 deaths in excess. We estimated
expected deaths in 2020 and 2021 with a Poisson model
that also incorporates the seasonal and secular trends;
we also incorporated indicator terms to identify cause-
groups according to GBD 2010 classification but, with
data only from Mexico. We think that our more parsi-
monious model may be more accurate to estimate the
excess of mortality in Mexico, given that we did not have
to accommodate for the variability in data reporting
observed in all countries. As Nepomuceno et al.34 out-
lined differences in the methods used to estimate the
baseline can substantially change estimates of excess
mortality, making comparison between studies
11
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somewhat difficult. Our results still put Mexico among
the seven most affected countries in the world.

We found that COVID-19 became the first leading
cause of death in Mexico, representing almost three-
quarters of the estimated excess mortality in the period
studied. This is in the high range of what has been
reported in different countries.28−30 Excess mortality by
other causes also increased substantially. Diabetes mel-
litus, ischaemic heart diseases, and respiratory infec-
tions increased more than one-third with respect to
expected deaths; hypertensive diseases increased by
one-quarter. To put this in perspective, during the last
decade, diabetes mellitus and ischaemic heart diseases
increased by 53% and 48%, respectively, compared to
an increase of more than 30% in just one year. Excess
mortality from diabetes mellitus and cardiovascular dis-
eases may be attributed to multiple causes, either
directly as a risk factor for COVID-19 mortality35 or indi-
rectly, due to the lack of timely access to needed, ongo-
ing health care treatment. The latter due to hospital
conversion or medical care deferral. Furthermore, some
patients may have avoided healthcare services due to the
fear of contracting COVID-19. The consequences of
these factors extend to mortality by respiratory infec-
tions, which follow the same trend as COVID-19 deaths.
This is reflected by lower in-hospital mortality from
non-communicable diseases during the pandemic
period. The proportion of people who died of diabetes
and ischaemic heart disease in a medical unit during
the pandemic period (2020−2021) was almost half of
the observed in the pre-pandemic period (2015−19).
This consistent pattern undoubtedly reflects changes in
healthcare services access and utilization caused by the
pandemic. Moreover, a report estimates that during the
first 9 months of the pandemic, outpatient consulta-
tions for diabetes and hypertension declined by 32% in
Mexico�s Institute of Social Security, an institution that
provides care for over 60 million Mexicans.36 The
authors associated these changes with declines in blood
sugar and blood pressure controls.

While declines in medical control of hypertension
and diabetes could result in excess morbidity and mor-
tality, it is difficult to quantify its real contribution to the
excess mortality observed for these diseases. The con-
comitant variation among the epidemic curves of
COVID-19, and those observed for diabetes and ischae-
mic heart diseases also suggest the possibility of mis-
classification in the cause of death, especially for those
occurring at home, (55¢9% of non-COVID-19 deaths
took place in households). Furthermore, access to
SARS-CoV-2 testing in Mexico was limited. In a Mexi-
can study involving 1¢15 million workers with a clinical
diagnosis of COVID-19, only 34�5% had access to PCR
testing.37

Another possible explanation for the observed incre-
ment in diabetes and ischaemic heart diseases could be
that COVID-19 infection may have implications for the
circulatory and/or metabolic systems; new emerging
evidence points to a possible direct effect of SARS-CoV-
2 infection, which can affect the endothelium in veins
and arteries, as well as in islets of Langerhans, causing
a decrease in insulin production.38

Contrary to what was expected, motor vehicle road
injuries increased 12¢1% with respect to expected num-
ber of deaths.39 This may be due to the fact that a hard
lockdown in Mexico was in effect only between March
23 and June 1st, 2020. Supplemental material showing
case-case group mortality trends and model predicted
expected deaths in Mexico 2015−2021, clearly shows
the effect of the lockdown reducing deaths from motor
vehicle road injuries but, it increases quickly after June.
In Italy, mortality due to external causes was also lower
than that observed in the previous five years, but unlike
what we found in Mexico, they outlined a remarkable
drop in motor vehicle road injuries mortality rates.17 It
should be noted that Italy adopted a hard national lock-
down lasting for several months, driving to a drastic
reduction in vehicle circulation. On the other hand, the
reduction in non-traffic related accidents, one of the
major causes of death in children as well as infec-
tious and parasitic diseases, could be explained by
school lock-down which lasted up to March 2022.
This is also presented in the previously referred sup-
plemental material.

Regarding sociodemographic characteristics, mortal-
ity in Mexico was higher in men than in women, consis-
tent with observations in other countries40,41 and in
previous studies for this country. Patterns of employ-
ment with implications for exposure to infectious
agents likely contributed to the difference by sex. This
excess in men may be due, in part, to their higher rates
of employment; furthermore, as Dias et al. suggest, dur-
ing the COVID-19 outbreak employers were much less
likely to lay off fathers than mothers and non-parents,
widening the gaps in employment rates between men
and women.42 More women than men have stayed
home during the pandemic, and as a result, they have
been less likely to get infected. Additionally, several
other factors may have contributed to the higher mortal-
ity rate in men, such as differences in the prevalence of
some comorbidities, higher prevalence of smoking and
drinking, and a longer delay in seeking medical care.43

Unlike other countries, the aged group 45 to 64 years
experienced a higher proportion of deaths from COVID-
19. This corroborates other studies’ findings, which
report that in Mexico, the group aged 45 to 64 years was
proportionally the most affected by this disease.12 In the
same way, Garc�ıa Guerrero et al.14 reported greater loss
of life expectancy at younger ages in regions most
severely affected by the pandemic. However, this age-
related pattern of excess deaths differs from other coun-
tries, where the most affected group has been people
aged 65 years and over. The pattern in Mexico may be
associated with the high prevalence of comorbidities
www.thelancet.com Vol 13 September, 2022
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such as diabetes,44 hypertension, and obesity at younger
ages,45 all risk factors for mortality by COVID-19. As
Glassman et al.46 suggest, in middle and low-income
countries the most vulnerable population is not among
older adults, but those with multi-morbidity which are
mainly concentrated in younger adults. In Mexico, 39%
of adults are obese, and estimations point out 10�3%
prevalence of diabetes and 18�4% hypertension.47

Although the Mexican government has made efforts to
improve the quality, coverage, and timeliness of mortality
information through the SEED and the CRND, the SEED
now shows an underreporting of 3% and the system still
requires around two months to achieve this level of cover-
age. The gap could arise from unrecorded violent deaths.
Public prosecutors’ offices register these deaths, and not all
of them are incorporated into the SEED or the CRND data-
bases. There is also variation in coverage by state. This
could be addressed through the implementation of an
online, real-time digital medical death certificate.

The epidemiological emergency caused by COVID-19
has demonstrated the importance of having information
systems capable of real-time monitoring for emerging and
re-emerging diseases that could become a national and/or
global threat. The information systems also need the capac-
ity to record contingency preparedness and mitigation
actions in the setting of an emergency to evaluate, in real
time, the impact of actions taken and to improve decision-
making. Mexico has developed an early warning system
for the surveillance of all-cause mortality based on informa-
tion captured by the National Civil Registry, complemented
with data from SEED. Maintaining this system would be a
great asset to Mexico's health surveillance information sys-
tem and could be easily implemented in other countries of
the region.

The excess mortality during the SARS-CoV-2 pandemic
in Mexico is due not only to deaths directly associated with
COVID-19, but with other causes, such as ischaemic heart
diseases, diabetes and hypertensive diseases as in other
parts of the world.12,16 Lack of accessibility to health serv-
ices or misclassification may contribute to this excess. Our
results may be useful to understand how the emergence of
COVID-19 has affected mortality in other middle-income
countries in the Latin American region, and how to use
timely data to estimate the burden of this and other emerg-
ing diseases. Also, we think that our results will contribute
to increase knowledge to understand pandemic related ele-
ments such as changes in the health services utilization or
deferred care.
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