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OBJECTIVE

To estimate diabetes-related mortality in Mexico in 2020 compared with 2017-2019
after the onset of the coronavirus disease 2019 (COVID-19) pandemic.

RESEARCH DESIGN AND METHODS

This retrospective, state-level study used national death registries of Mexican adults
aged =20 years for the 2017-2020 period. Diabetes-related death was defined using
ICD-10 codes listing diabetes as the primary cause of death, excluding certificates with
COVID-19 as the primary cause of death. Spatial and negative binomial regression
models were used to characterize the geographic distribution and sociodemographic
and epidemiologic correlates of diabetes-related excess mortality, estimated as in-
creases in diabetes-related mortality in 2020 compared with average 2017-2019 rates.

RESULTS

We identified 148,437 diabetes-related deaths in 2020 (177 per 100,000 inhabi-
tants) vs. an average of 101,496 deaths in 2017-2019 (125 per 100,000 inhabi-
tants). In-hospital diabetes-related deaths decreased by 17.8% in 2020 versus
2017-2019, whereas out-of-hospital deaths increased by 89.4%. Most deaths
were attributable to type 2 diabetes (130 per 100,000 inhabitants). Compared
with 2018-2019 data, hyperglycemic hyperosmolar state and diabetic ketoacido-
sis were the two contributing causes with the highest increase in mortality (128%
and 116% increase, respectively). Diabetes-related excess mortality clustered in
southern Mexico and was highest in states with higher social lag, rates of COVID-19
hospitalization, and prevalence of HbA, . 27.5%.

CONCLUSIONS

Diabetes-related deaths increased among Mexican adults by 41.6% in 2020 after
the onset of the COVID-19 pandemic, occurred disproportionately outside the
hospital, and were largely attributable to type 2 diabetes and hyperglycemic
emergencies. Disruptions in diabetes care and strained hospital capacity may
have contributed to diabetes-related excess mortality in Mexico during 2020.

Diabetes is a leading cause of disability, morbidity, and mortality worldwide. In
Mexico, diabetes is the second leading cause of death and has an estimated preva-
lence of 15.2% (12.8 million adults) (1,2); furthermore, over the past three decades,
mortality attributable to diabetes increased by an alarming 77% (3). In 2020, during
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the coronavirus disease 2019 (COVID-19)
pandemic, Mexico experienced one of
the highest rates of all-cause excess mor-
tality globally (46.5% increase from prior
years) (4). Even though the majority of
these excess deaths were directly attrib-
utable to COVID-19, reports by the Na-
tional Institute for Statistics and Geography
(INEGI) suggested that excess deaths in
Mexico during 2020 were also attribut-
able to an increase in mortality from
non—COVID-19 causes, including cardio-
vascular disease and diabetes (5). How-
ever, the extent to which diabetes contri-
buted as a cause of this excess mortality
during 2020 compared with recent years
has not yet been characterized (4).

Diabetes prevalence, as well as diabetes-
related complications and mortality, are
tightly associated with sociodemographic
inequalities in Mexico (2,6). These in-
equalities were unmasked by the COVID-19
pandemic, in part because of a fragmented
care infrastructure that preceded COVID-19
and interruptions in in-person care, which
disproportionately impacted populations
with socioeconomic disadvantage (7,8).
As such, while the intersection of diabe-
tes and COVID-19 and their compounded
severity was an important contributor to
all-cause excess mortality in Mexico in
2020 (9-11), the pandemic had ripple
effects that also impacted care continuity
for people with diabetes independent
of COVID-19 itself (8). Furthermore, be-
cause hospital saturation was highest in
marginalized communities (9,12,13), we
hypothesized that diabetes-related deaths
were higher in 2020 compared with prior
years and that these excess deaths were
associated with higher levels of marginali-
zation. Given that the COVID-19 pandemic
is ongoing and continues to pose a signifi-
cant burden on health systems globally,
characterizing the extent to which diabetes-
related mortality rates may have in-
creased in 2020 could help to guide poli-
cies to mitigate interruptions in diabetes
care and strengthen existing systems for
diabetes care delivery across the health
care system.

In this study, we sought to character-
ize: 1) the age-adjusted rates of diabetes-
related excess mortality among Mexican
adults aged =20 years during 2020 over-
all and stratified by diabetes type, diabetes-
related emergencies and complications
as contributing causes of death, and in-
hospital versus out-of-hospital death; 2)
the geographic distribution of diabetes-

related excess mortality in Mexico; and
3) sociodemographic and epidemiologic
correlates of diabetes-related excess mor-
tality in Mexico in 2020.

RESEARCH DESIGN AND METHODS

Study Design and Data Source

We conducted a retrospective, state-level
study using national death registries
obtained from the dynamic information
cubes registered by INEGI for the 2017—-
2020 period, last updated on 21 October
2021. Briefly, INEGI generates annual
mortality statistics from death certificates
issued by the Ministry of Health. Death
registries comprise systematic daily mor-
tality records, which are coded using the
ICD-10 (14). This project was registered
and approved by the research committee
at Instituto Nacional de Geriatria (project
no. DI-PI-006/2020).

Variables and Definitions

Outcome Variables

Our analysis was centered on two pri-
mary outcomes: diabetes-related mortal-
ity and diabetes-related excess mortality.
Diabetes-related mortality was defined
according to death certificates generated
by INEGI that listed one of the following
ICD-10 codes as the primary cause of
death: E10, type 1 diabetes mellitus; E11,
type 2 diabetes mellitus, or E12—-14, other
diabetes mellitus (including malnutrition-
related diabetes, other specified diabetes
mellitus, and unspecified diabetes mellitus).
Diabetes-related mortality was addition-
ally stratified by diabetes-related emer-
gencies and complications listed as
contributing causes in each death certifi-
cate and defined on the basis of the
following ICD-10 codes: E10-14.0, hyper-
glycemic hyperosmolar state (HHS); E10—
14.1, diabetic ketoacidosis; E10-14.2,
kidney complications; E10-14.3, ophthal-
mic complications; E10-14.4, neurologic
complications, E10-14.5, circulatory com-
plications; E10-14.6 and E10-14.8, other
specified and unspecified complications;
E10-14.7, multiple complications; and
E10-14.9, without complications. To fo-
cus our analysis on diabetes as a primary
cause of death and to exclude the con-
founding effect of COVID-19 on excess
mortality in Mexico (15), we excluded
all death certificates in which COVID-19
was listed as the primary cause of death
(ICD-10 code U07.1 or U07.2) during 2020.
We did not exclude death certificates in
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which COVID-19 was listed as a contrib-
uting cause of death. Finally, we ex-
cluded death certificates that did not
have geographic or sociodemographic
information. A detailed flow diagram
with study inclusion criteria is provided
in Supplementary Fig. 1.
Diabetes-related excess mortality was
estimated as the increase in diabetes-
related mortality in 2020 compared with
the 2017-2019 average. This approach is
consistent with the definition of excess
mortality proposed by Karlinsky and
Kobak (16), which allows for the com-
parison of all-cause excess mortality
across countries and minimizes year-
to-year variations in mortality. Excess
deaths were standardized to age-adjusted
rates per 100,000 using population age
structures by region and state per 5-year
increments and population projections
provided by the National Population
Council (17). Diabetes-related excess
mortality was estimated at the regional
level for descriptive purposes and at the
state level for modeling (Supplementary
Material). Diabetes-related excess mortal-
ity is also presented as the percent in-
crease in 2020 compared with 2017-2019.

In-Hospital Versus Out-of-Hospital Death
We stratified diabetes-related mortality
according to where the death occurred
(in the hospital vs. out of the hospital)
on the basis of death certificate infor-
mation. Out-of-hospital deaths were de-
fined accordingly if the death occurred
outside the hospital setting or if the death
was coded as occurring at the home of the
deceased person or elsewhere (i.e., in the
streets in some instances). Deaths without
a specified place of death were classified
as unspecified and excluded from these
analyses (2,274 deaths in 2020, 1,433 in
2019, 1,187 in 2018, and 1,206 in 2017).
Next, we calculated the number of deaths
that occurred outside the hospital divided
by those that occurred in the hospital per
state and year (out-of-hospital:in-hospital
ratio). We considered the differences in
this ratio for 2020 compared with the
average ratio in 2017-2019 as the main
measure for this outcome.

Epidemiologic Indicators of Diabetes Care,
Diabetes Prevalence, and COVID-19
Seroprevalence

To assess correlates of excess mortality
related to the epidemiology of diabetes
in Mexico, we analyzed data from the
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Mexican National Health and Nutrition
Survey COVID, which was performed
in 2020 (ENSANUT COVID 2020) (18).
ENSANUT is a population-based survey
that aims to evaluate the health and
nutritional status of Mexican adults at
the national, regional, and rural/urban
level. ENSANUT COVID 2020 was con-
ducted from August to November 2020,
recruited 24,726 adults aged =20 years,
and was used to estimate diabetes-
related prevalence and COVID-19 se-
roprevalence. Diabetes was defined by
self-report among individuals who an-
swered yes to the question “Has a doc-
tor ever told you that you have diabetes
or high blood sugar” or by either a fast-
ing blood glucose level of =126 mg/dL
or a hemoglobin A;. (HbA;) =6.5%. In-
dividuals who met the biochemical defi-
nition of diabetes but who responded no
to a prior diagnosis of diabetes were cat-
egorized as having undiagnosed diabe-
tes. Suboptimal glycemic management
was defined on the basis an HbA,. level
of =7.5% (18,19).

Density-Independent Social Lag Index

To quantify the state-level impact of socio-
demographic inequalities on diabetes-
related mortality during 2020, we used
the 2020 social lag index (SLI), a compos-
ite assessment of the degree of health
care access, economic well-being, and
access to basic services in Mexico (13,20).
Population density was calculated as pro-
posed by INEGI. Because we sought to
evaluate inequalities independent of
population density, we used residuals
of linearly regressed population density
onto SLI values to approximate a density-
independent SLI (DISLI), which was previ-
ously validated for Mexico City (12).

State-Level Epidemiologic Indicators of the
COVID-19 Pandemic

To evaluate the association between
COVID-19 and diabetes-related excess
mortality, we also included variables of
relevance to COVID-19 epidemiology in
Mexico. Statewide incidence, hospitaliza-
tions, and deaths attributable to COVID-19
in Mexico were evaluated using data from
the General Directorate of Epidemiology
of the Mexican Ministry of Health, which
is an open source data set that provides
daily updated information of suspected
COVID-19 cases (9). COVID-19 cases are
confirmed with a positive RT-PCR or rapid
antigen test for severe acute respiratory

syndrome coronavirus 2 (9,13,21). Es-
timates were obtained from cases of
COVID-19 with comorbid diabetes. All
metrics were weighted to their respec-
tive population by state to reflect rates
per 100,000 inhabitants using data from
the National Population Council of Mexico.

Statistical Analysis

First, to visualize differences in diabetes-
related mortality in the 2017-2020 pe-
riod, we plotted diabetes-related deaths
per 100,000 inhabitants by month of
occurrence, overall, and stratified by
diabetes type. We also plotted the over-
all number of diabetes-related deaths
stratified by diabetes type, age-group,
and out-of-hospital versus in-hospital
setting and compared the 2020 esti-
mates to the average in 2017-2019.
We then disaggregated the rates of
diabetes-related mortality per 100,000
inhabitants by diabetes-related compli-
cations listed as contributing causes of
death in the 2018-2020 period. The
year 2017 was excluded because of in-
complete ICD-10 codes for emergencies
and complications related to diabetes-
related deaths. This analysis was also
stratified by out-of-hospital versus in-
hospital mortality. Diabetes complications
listed as contributing causes of death
were classified as acute (HHS and dia-
betic ketoacidosis) or chronic (kidney,
ophthalmic, neurologic, and circulatory)
complications (Supplementary Fig. 4).

Second, to visualize the geographic
distribution of diabetes-related excess
deaths in Mexico, we created choropleth
maps using the ggmap package in R and
quantile method. To evaluate the spatial
dependence of diabetes-related excess
mortality and out-of-hospital:in-hospital
death ratio, we used Moran | statistic,
which was used as an indicator of global
spatial autocorrelation, and its significance
was assessed through an inference tech-
nique based on randomly permuting the
observed values over the spatial units. We
also evaluated hotspots of excess mor-
tality and the out-of-hospital:in-hospital
death ratio to confirm autocorrelation
using the Getis-Ord Gi* statistic.

Next, we used spatial autocorrelation
to characterize whether key indicators
relevant to diabetes care and diabetes
prevalence in Mexico were associated
with diabetes-related excess mortality.
Similarly, we examined whether socio-
demographic inequalities, as proxied by
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DISLI, and COVID-19 indicators were asso-
ciated with age-adjusted diabetes-related
excess mortality. Bivariate correlations
between epidemiologic indicators and
age-adjusted diabetes-related excess mor-
tality were evaluated with Lee L test for
spatial autocorrelation using the spatial
weights matrix within the spdep package
in R (22). We also assessed the correlation
of these epidemiologic indicators with the
out-of-hospital:in-hospital death ratio as a
proxy of their impact on access to medical
care.

Finally, the simultaneous impact of all
evaluated indicators on age-adjusted di-
abetes-related excess mortality was ana-
lyzed using negative binomial regression,
with log-transformed population of each
state as the regression offset. We used
the Global Moran | test for regression re-
siduals for all models and identified no
significant spatial autocorrelation; there-
fore, we fitted all models without in-
corporating spatial effects. All statistical
analyses were conducted using R ver-
sion 4.1.2 software.

Data and Resource Availability

All code, data sets, and materials are
available at https://github.com/oyaxbell/
diabetes_excess.

RESULTS

Diabetes-Related Mortality in Mexico
in 2020 Compared With 2017-2019
We analyzed data from 452,924 diabetes-
related deaths in Mexico during 2017-2020.
We identified 148,437 diabetes-related
deaths (177 per 100,000 inhabitants)
in 2020 compared with an average of
101,496 deaths in 2017-2019 (125 per
100,000 inhabitants), a 41.6% increase
in diabetes-related deaths in 2020 com-
pared with the average reported in 2017—
2019 (Fig. 1). The highest rate of diabetes-
related mortality occurred after the month
of May, with a peak during the June—July
period after the onset of the COVID-19
pandemic (Fig. 1A); these trends closely
followed COVID-19-related mortality trends
(Supplementary Fig. 2). When stratified by
diabetes type, the largest share of diabe-
tes-related deaths in 2020 was attribut-
able to type 2 diabetes (130 per 100,000
inhabitants) and type 1 diabetes (3.99
per 100,000 inhabitants). Compared with
diabetes-related deaths in 2017-2019,
these rates correspond to an excess
mortality of 46.7% for type 2 diabetes
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Figure 1—Monthly trends of diabetes-related deaths per 100,000 inhabitants during 2017-2020 and stratified by overall, type 2, and type 1 diabetes
classified using ICD-10 codes (A). Also shown is a comparison of diabetes-related deaths between the average of 2017-2019 and 2020 by diabetes
type (B), age-group per 5-year increments (C), and out-of-hospital vs. in-hospital mortality (D). NA, not available.

and 53.5% for type 1 diabetes (Fig. 1B).
Diabetes-related mortality was higher in
2020 than during 2017-2019 across

all ages for all diabetes types (Fig. 1C).
With regard to place of death, out-
of-hospital diabetes-related deaths

increased by 89.4% from an average of
59,061 diabetes-related deaths (72.9 per
100,000 inhabitants) during 2017-2019
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to 111,870 deaths (133.6 per 100,000 in-
habitants) in 2020. Conversely, in-hospital
deaths decreased by 17.8% from 41,176
diabetes-related deaths (51.0 per 100,000
inhabitants) in 2017-2019 to 33,825
deaths (40.5 per 100,000 inhabitants)
in 2020. This trend was particularly
pronounced for type 2 diabetes—related
deaths, with a decrease in hospital
deaths of 10.5% and an increase in out-
of-hospital deaths of 95%. Compared with
2017-2019, the out-of-hospital:in-hospital
death ratio increased from 1.43 to 3.31
for all diabetes-related deaths (Fig. 1D),
from 1.41 to 3.67 for type 2 diabetes—
related deaths (Fig. 1B), from 1.60 to
2.25 for type 1 diabetes—related deaths
(Fig. 1C), and from 1.47 to 2.58 for other
diabetes-related deaths (Supplementary
Fig. 3).

Diabetes-Related Mortality in 2020
Compared With 2017-2019
According to Diabetes-Related
Emergencies and Complications as
Contributing Causes of Death

The stratification of diabetes-related
mortality according to diabetes-related
emergencies and complications as a
contributing cause of death is presented
in Fig. 2. The highest relative increase in
mortality for diabetes-related complica-
tions was observed for acute complica-
tions (131.8% increase), followed by
chronic complications (36.4% increase)
(Supplementary Fig. 4). Compared with
2018-2019, HHS (128% absolute increase)
and diabetic ketoacidosis (116% absolute
increase) were the two contributing causes
with the highest associated increase in
diabetes-related deaths (Fig. 2A). Other
diabetes-related complications that in-
creased compared with prior years were
unspecified complications (69.5%), fol-
lowed by kidney complications (24.9%),
ophthalmic complications (22.2%), and
lower-limb circulatory complications
(15.1%). Diabetes-related deaths with
multiple complications and without com-
plications also increased by 28.4% and
50.2%, respectively (Fig. 2A). When strat-
ified by place of death, there was an
increase in both in-hospital and out-
of-hospital deaths for HHS (37.9% and
154% increase, respectively) and diabetic
ketoacidosis (20.9% and 240% increase,
respectively), while for kidney-related
complications, we found a 13.5% decrease
in in-hospital and a 61.2% increase in

out-of-hospital deaths (Fig. 2B). Strati-
fied analyzes that include all diabetes-
related complications as contributing
causes of death according to diabetes
type are shown in Supplementary Fig. 5.
Overall, mortality with diabetes-related
complications as a contributing cause
increased consistently for all diabetes
types and was primarily attributable
to HHS, diabetic ketoacidosis, and kid-
ney complications.

Geographic Distribution and
Correlates of Diabetes-Related Excess
Mortality in Mexico

We observed spatial autocorrelation in
the geographic distribution of diabetes-
related excess deaths in Mexico in 2020
compared with 2017-2019 (Moran | =
0.335, P = 0.002) (Fig. 3). Diabetes-
related excess mortality clustered near
the southeast and Gulf of Mexico re-
gions, as identified using local indicators
of spatial autocorrelation with Moran
local statistic and the Getis-Ord Gi* sta-
tistic (Supplementary Fig. 6). Similarly,
the out-of-hospital:in-hospital mortality
ratio increased markedly in 2020 com-
pared with 2017-2019 and displayed a
strong spatial autocorrelation that clus-
tered within the same region (Moran | =
0.481, P < 0.001). This increase was
primarily attributed to higher out-of-
hospital diabetes-related mortality for
type 2, but not for type 1, diabetes
(Supplementary Fig. 7).

We also identified a spatial correla-
tion between diabetes-related excess
mortality and the DISLI of marginaliza-
tion (Lee L statistic = 0.326, P < 0.001)
(Fig. 4). A higher DISLI was correlated
with a high prevalence of HbA,. levels
=7.5% (Lee L statistic = 0.326, P < 0.001),
and we found a strong spatial correlation
of the out-of-hospital:in-hospital mortality
ratio with the DISLI (Lee L statistic = 0.380,
P < 0.001) and HbA;. >7.5% prevalence
(Lee L statistic = 0.247, P = 0.047) (Supple-
mentary Fig. 8). There was no spatial cor-
relation between diabetes-related excess
mortality and COVID-19 indicators (Supple-
mentary Fig. 9).

Association Between Epidemiologic
Indicators and Diabetes-Related
Excess Mortality

Age-adjusted diabetes-related excess
mortality was highest in states with higher
DISLI (incidence rate ratio [IRR] 1.18,
95% Cl 1.01-1.37), higher log-transformed
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rates of COVID-19 hospitalization (IRR
1.28, 95% Cl 1.06-1.55), and higher
prevalence of HbA;. =7.5% (IRR 1.04,
95% Cl 1.01-1.07) (Supplementary Table 2).
The association between higher DISLI
and higher diabetes-related excess mor-
tality was particularly pronounced for
type 2 diabetes (IRR 1.32, 95% ClI 1.08—
1.63), which was also associated with
higher rates of COVID-19 hospitalization
(IRR 1.32, 95% Cl 1.01-1.71). For other
diabetes types, age-adjusted diabetes-
related excess mortality was associated
with higher regional COVID-19 seroprev-
alence (IRR 1.02, 95% CI 1.01-1.04) and
higher overall prevalence of diabetes
(IRR 1.04, 95% Cl 1.00-1.07).

CONCLUSIONS

In this study, we identified 452,924 dia-
betes-related deaths among Mexican
adults in 2020, which corresponds to a
41.6% increase in diabetes-related mor-
tality (after excluding COVID-19 as the
primary cause of death) compared with
the 2017-2019 period. Excess deaths
were largely attributable to type 2 dia-
betes and to hyperglycemic emergen-
cies and occurred disproportionately
out of hospital, with an 89.4% increase
in out-of-hospital and a concomitant
17.9% decrease in in-hospital diabetes-
related deaths in 2020 compared with
2017-2019. Diabetes-related excess mor-
tality clustered in southern Mexico and
was associated with higher state-level
marginalization, higher rates of COVID-19
hospitalizations, and higher prevalence of
suboptimal glycemic management. These
findings highlight the dramatic increase
in diabetes-related mortality that occurred
in excess in Mexico in 2020 compared
with prior years. Disruptions in diabetes
care continuity, strained hospital capac-
ity, and changes in health care—seeking
behavior due to the COVID-19 pandemic
may have contributed to diabetes-related
excess mortality in Mexico in 2020.

We also report a substantial increase
in diabetes-related emergencies and com-
plications as contributing causes of death
in 2020 compared with 2017-2019.
Alarmingly, deaths attributable to HHS
and diabetic ketoacidosis increased by
more than twofold in 2020 compared
with 2018-2019, with this increase ob-
served predominantly in the out-of-
hospital setting (154% and 240% in-
crease, respectively). These findings are
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Figure 2—Diabetes-related mortality rates standardized per 100,000 population and disaggregated by diabetes-related emergencies and complica-
tions as contributing causes of death in 2018-2019 compared with 2020 (A). Contributing causes of death were classified using ICD-10 codes for
each specific emergency and complication. Also shown are the three leading diabetes-related emergencies and complications as contributing
causes of death according to out-of-hospital vs. in-hospital mortality in 2020 compared with 2018-2019 (B). comp., complications.

particularly concerning given that HHS
and diabetic ketoacidosis are generally
readily treatable conditions, with mor-
tality rates having dropped substantially
with access to inpatient care (23,24).
Other diabetes-related microvascular
complications as contributing causes of
death also increased in 2020 compared

with prior years, particularly renal, oph-
thalmic, and circulatory complications.
Given pandemic-related interruptions in
care, delayed access to glucose-lowering
medications, including insulin, may have
contributed to worsening glycemic man-
agement and an overall increase in
diabetes-related complications (8). These

findings suggest that interruptions in
diabetes care in the setting of the
COVID-19 pandemic may have affected
both the acute care of life-threatening
diabetes complications and the man-
agement of chronic complications, such
as the need for renal replacement ther-
apy. Development and implementation



diabetesjournals.org/care

Bello-Chavolla and Associates

2963

A

Age-adjusted overall excess diabetes-related mortality

Excess per
100K/hab

75

50

N

Age-adjusted excess mortality in type 2 diabetes

me

60

40

B
0

- 5
4
3
2
1

Excess per .
100K/hab

Age-adjusted excess mortality in type 1 diabetes

Excess per
100K/hab
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2017-2019 overall (A) and stratified by type 2 (B) and type 1 diabetes (C) according to ICD-10 codes. Distribution of all evaluated measures was es-
timated using the quantile method with the biscale package in R. 100K/hab, 100,000 inhabitants.

of clinical platforms (e.g., telemedicine)
that allow for care continuity in circum-
stances that prevent regular access to
in-person diabetes care should be con-
sidered (25).

The geographic distribution of diabetes-
related excess mortality in Mexico in
2020 was subject to regional differences,
with higher rates observed in the central
and southeast regions. When stratified
by diabetes type, the regional differences
in diabetes-related excess mortality for
type 1 diabetes (highest in northern
Mexico) compared with those observed
for type 2 diabetes (highest in southern
Mexico) mirrored the regional differ-
ences in prevalence for each condition
(2,19,26,27). Excess deaths were asso-
ciated with higher sociodemographic
inequalities (as proxied by the SLI),
higher rates of suboptimal glycemic
management, and increased rates of
COVID-19 hospitalizations in 2020. An
increase in out-of-hospital and a decrease
in in-hospital diabetes-related mortality
was also observed in these regions.
Similarly, we identified a cluster of sig-
nificantly higher diabetes-related ex-
cess mortality and large increases in
the ratio of out-of-hospital to in-hospital
mortality in the southeast region of

Mexico. Notably, this region displayed a
spatial correlation between excess dia-
betes-related out-of-hospital deaths and
both DISLI and increased rates of sub-
optimal glycemic management, suggest-
ing that this region was especially
vulnerable to sociodemographic inequal-
ities in diabetes care. These findings are
particularly important when considering
that the southern region of Mexico faces
increased socioeconomic inequalities,
including a limited health care infra-
structure, which may have affected qual-
ity and access to diabetes care (28).

Our findings expand the existing liter-
ature on excess mortality documented
in the context of the COVID-19 pandemic
and provide a unique focus on cause-
specific excess mortality attributed to
high-burden cardiometabolic conditions
in Mexico (15). Although the association
between diabetes and excess mortality
is well characterized, most studies con-
ducted to date, including a single study
in Mexico, preceded the COVID-19 pan-
demic (6,29-32). Our findings also con-
tribute to recent literature suggesting
that the COVID-19 pandemic interfered
with routine diabetes care in Mexico,
particularly in the southern region, which
has a higher prevalence of suboptimal

glycemic management (9,11,12,19). Since
increasing rates of infections and hos-
pital saturation were observed in later
COVID-19 waves, a sustained increase in di-
abetes-related excess mortality and compli-
cations is possible and should be explored
in future analyses. Policies to reduce health
inequalities within this region and to
strengthen care for diabetes and other
cardiometabolic diseases are needed.

Mechanisms underlying diabetes-
related excess mortality in Mexico in
2020 require further study. The epide-
miology of diabetes in Mexico is com-
plex and heterogeneous, with a large
proportion of diabetes cases associated
with obesity and glucotoxicity-mediated
decreased B-cell function (33). Socio-
demographic inequalities also markedly
impact diabetes care for both type 1 and
type 2 diabetes (33—36). These factors,
combined with the ongoing COVID-19
pandemic, which led to hospital saturation
in areas with high population density and
high social lag, may have contributed
to diabetes-related excess mortality in
Mexico (37-39).

Strengths and Limitations
The strengths of our analysis include the
use of several nationally representative
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data sets, which allowed us to gain in-
sight into potential sociodemographic,
epidemiologic, and COVID-19-related
correlates of diabetes-related excess
mortality in Mexico. We also standard-
ized all mortality analyses by age, which
allowed for adequate comparisons across
Mexican regions with a diverse popula-
tion structure and more precise estima-
tion of diabetes-related excess mortality.
Finally, given that the pandemic had a
differential impact across Mexico, we
explored spatial effects on the influ-
ence of all evaluated epidemiologic indi-
cators, which allowed us to understand
the regional impact of diabetes-related
excess mortality to better inform public
policy.

We also acknowledge some limita-
tions, which should prompt caution in
the interpretation of our results. First,
the case definition for diabetes-related
death and acute and chronic diabetes
complications as contributing causes of

death was derived from ICD-10 codes,
as opposed to more granular clinical
data, and is thus subject to a degree
of diagnostic uncertainty and possible
misclassification, particularly for deaths
that occurred outside the hospital. How-
ever, ICD-10 codes were designed to
promote international comparability in
the collection, processing, classification,
and presentation of mortality statistics
(14). Of note, mortality statistics based
on ICD-10 codes are routinely used in
the ascertainment of mortality trends in
epidemiologic research studies (40-42).
Second, by using state-level variables,
we were unable to infer all identified
associations at individual or even local
levels; this is particularly relevant for soci-
odemographic inequalities, indicators of
glycemic management (HbA,;.), and
COVID-19 seroprevalence, which may
have significant heterogeneity within
Mexican states at the municipal, local,
and individual levels. Finally, since

ascertainment of COVID-19 cases in
Mexico has been insufficient (21), many
severe acute respiratory syndrome coro-
navirus 2 infections could have been un-
detected, and some of these may have
led to diabetes-related complications
and deaths potentially attributed to dia-
betic ketoacidosis or HHS (10,43).
Therefore, we cannot rule out that a
portion of excess mortality formally
ascribed to diabetes could have been
instead attributable to COVID-19, de-
spite that ascertainment by INEGI is gen-
erally robust (44). Moreover, although
we excluded cases with COVID-19 as
the primary cause of death and cen-
tered our analysis on those with diabe-
tes as the primary cause of death, it is
possible that COVID-19 was a contribu-
tor to diabetes-related mortality given
what has been extensively documented
on the compounded severity of these
two conditions (9,10). Future studies
that include individual-level data with
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higher granularity of clinical variables are
needed to further understand the excess
mortality data presented in this study
and to identify specific areas of inter-
vention to prevent increases in diabetes-
related mortality.

In conclusion, we report a 41.6% in-
crease in diabetes-related mortality in
2020 among Mexican adults compared
with the 2017-2019 period. Excess deaths
were largely attributable to type 2 diabe-
tes and hyperglycemic emergencies, oc-
curred disproportionately out of hospital,
and clustered in areas with higher state-
level marginalization. Diabetes-related
excess mortality was also observed for
type 1 diabetes and clustered in north-
ern Mexico, mirroring the epidemiologic
distribution of type 1 diabetes preva-
lence in Mexico. Our findings suggest
that readily treatable, high-morbidity,
diabetes-related complications were likely
untreated during the COVID-19 pandemic
in Mexico. Disruptions in diabetes care
continuity, strained hospital capacity, and
changes in health care—seeking behavior
may have contributed to lower diabetes
care treatment and to diabetes-related ex-
cess mortality. Policies aimed at strength-
ening hospital capacity and mitigating
disruptions in care for diabetes and
diabetes-related emergencies are needed.
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