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ABSTRACT

Introduction We quantified the proportion and the
absolute number of deaths attributable to type 2 diabetes
mellitus (T2DM) in Latin America and the Caribbean (LAC)
using an estimation approach.

Research design and methods We combined

T2DM prevalence estimates from the NCD Risk Factor
Collaboration, relative risks between T2DM and all-cause
mortality from a meta-analysis of cohorts in LAC, and
death rates from the Global Burden of Disease Study 2019.
We estimated population-attributable fractions (PAFs) and
computed the absolute number of attributable deaths in
1990 and 2019 by multiplying the PAFs by the total deaths
in each country, year, sex, and 5-year age group.

Results Between 1985 and 2014 in LAC, the proportion
of all-cause mortality attributable to T2DM increased

from 12.2% to 16.9% in men and from 14.5% to 19.3%
in women. In 2019, the absolute number of deaths
attributable to T2DM was 349787 in men and 330414

in women. The highest death rates (deaths per 100 000
people) in 2019 were in Saint Kitts and Nevis (325 in men,
229 in women), Guyana (313 in men, 272 in women), and
Haiti (269 in men, 265 in women).

Conclusions A substantial burden of all deaths is
attributed to T2DM in LAC. To decrease the mortality
attributable to T2DM in LAC, policies are needed to
strengthen early diagnosis and management, along with
the prevention of complications.

INTRODUCTION
Being one of the global leading causes of
morbidity, mortality, and disability, type 2
diabetes mellitus (T2DM) is a global health
issue.” With a growing number of cases glob-
ally? disproportionally affecting low- and
middle-income countries like those in Latin
America and the Caribbean (LAC),* a thorough
quantification of the long-term outcomes (eg,
mortality) of people with T2DM is key to under-
stand the T2DM epidemiology and to set prior-
ities while wisely allocating resources to where
most needed.

Previous studies conducted in LAC have
assessed national diabetes mortality based on
death certificates."” Countries in LAC still face

,"? Rodrigo M Carrillo-Larco

1,3,4

Significance of this study

What is already known about this subject?

» Current estimates of deaths attributable to type 2
diabetes mellitus (T2DM) in Latin America and the
Caribbean (LAC) are based on risk data retrieved
from non-LAC populations, which may not represent
the LAC epidemiological scenario.

What are the new findings?

» All LAC countries increased their proportion of all-
cause mortality attributable to T2DM in the last 30
years (by ~4.7% in men and ~4.8% in women).

» Most LAC countries increased their death rates (eg,
some even doubled their 1990 death rate).

» LAC countries where gross domestic product per
capita increased the most from 1990 to 2019 re-
duced their T2DM-attributable death rates through-
out the same period.

How might these results change the focus of

research or clinical practice?

» These findings call for urgent actions in LAC to re-
duce the mortality burden associated with T2DM.

difficulties to meet high levels of registered
deaths; even when deaths certificates are avail-
able, these may have errors, inconsistencies,
or garbage codes.”? Overall, T2DM mortality
based on death certificates may be underes-
timated.""" The estimation approach (eg, a
comparative risk assessment) could provide
better evidence of mortality attributable to
T2DM; in fact, mortality estimates based on these
methods are usually higher than those based on
vital registries (VRs)." 5 However, evidence
about mortality attributable to T2DM based on
the estimation approach is scarce in LAC. In
addition, global estimates for LAC have focused
on high glucose levels rather than T2DM diag-
nosis.'® Moreover, these global estimates were
based on risk estimates from North America,
Europe, and Asia,'” which may not represent
the epidemiological scenario in LAC."™
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Quantifying mortality attributable to T2DM based on risk
estimates from LAC could provide more accurate findings to
inform policies, interventions, and guidelines. In this line, a
comparable and consistent quantification of mortality attrib-
utable to T2DM in LAC could also provide evidence to assess
the path towards local, regional, and international commit-
ments including the Sustainable Development Goal target
3.4 and the Pan American Health Organization plan of
action for the prevention and control of non-communicable
diseases (NCDs)." * Following a comparative risk assess-
ment approach, benefiting from relative risks from LAC
cohort studies," and global T2DM prevalence and mortality
estimates,' * *' we computed the absolute number of all-
cause deaths attributable to T2DM in 35 countries and terri-
tories in LAC in 1990 and 2019.

RESEARCH DESIGN AND METHODS

Study overview

We followed the comparative risk assessment framework to
assess the burden of T2DM on all-cause mortality in LAC.
Population-attributable fractions (PAFs) were computed
combining countryspecific T2DM prevalence estimates’
and relative risks (RRs) of the association between T2DM
and all-cause mortality in LAC."® We estimated the absolute
number of T2DM-attributable deaths in 1990 and 2019 by
multiplying the PAFs by the total deaths in each country,
year, sex, and 5-year age group. In addition, we presented
the mortality rates attributable to T2DM in relation to rele-
vant economic metrics (gross domestic product (GDP) per
capita, rurality, and human development index (HDI)).

Data sources

Diabetes prevalence

The prevalence estimates of T2DM, stratified by country,
sex, and b-year age groups in adults >20 years were
downloaded from the NCD Risk Factor Collaboration
(NCD-RisC).?> 2 NCD-RisC methods have been reported
elsewhere in detail.” Briefly, NCD-RisC pooled population-
based studies collected diabetes prevalence data and
converted these data into a common diabetes definition.
Data sources analyzed by the NCD-RisC included at least
one T2DM biomarker. We used estimates for 1985 and
2014 to compute the absolute number of deaths attribut-
able to T2DM in 1990 and 2019, respectively. We assumed
a b-year lag period between exposure to T2DM and
mortality; in other words, T2DM prevalence in 1985 was
used to compute the PAF in 1990 and T2DM prevalence
in 2014 was used to compute the PAF in 2019. Addition-
ally, a sensitivity analysis was performed using a 10-year
lag period between T2DM and mortality; lag periods >10
years were not assessed because of data availability.

Relative risks

RRs of all-cause mortality in people from LAC with and
without T2DM were retrieved from a recent meta-analysis
of cohort studies in LAC.'® This meta-analysis provided
age-specific RRs in two age groups: 35-59 and 60-74 years
old. We used interpolation'” to calculate RRs by 5-year

age groups (online supplemental table 1). Of note, these
age-specific RRs were derived from population with diag-
nosed T2DM (ie, selfreported diagnosis). We used the
same RRs for men and women because the meta-analysis
did not provide age- and sex-specific RRs.

All-cause mortality

The 2019 Global Burden of Disease (GBD) estimates of
deaths from all causes in adults 220 years of the years
1990 and 2019 were used.®?! Mortality data sources used
by the GBD were mostly VR reported by each country.
The GBD estimates account for garbage codes (ie, codes
to which deaths were allocated that should have not been
considered the underlying cause of death (UCD)).

Population

Population data specific to each country, year, sex, and
5-year age group were obtained from the 2019 GBD as
well.?' Attributable deaths to T2DM were expressed as
death rates per 100000 people on the basis of the WHO
standard population.*

Economic metrics

The following economic metrics were used: GDP per
capita, proportion of people living in rural areas, and
HDI. The GDP (in 1990 and 2019) per capita in constant
2010 USD and the proportion of people living in rural
areas (presented as percentage, in 1990 and 2019) were
retrieved from the World Bank.** *® The HDI (in 1990
and 2019) was retrieved from the United Nations Devel-
opment Programme.26

Statistical analysis

The PAF quantifies the fraction of all-cause deaths
attributed to T2DM in each country, year, sex, and 5-year
age group. We used the following equation.'**

Pas.c (RRa—1)

PAFa5c = Pasc(RR;—1)+1

where the subscripts 4, s, and ¢ indicate each 5-year
age group, sex, and country, Pis the T2DM prevalence,
and RRis the RR of mortality between populations with
and without T2DM. We calculated the absolute number
of deaths attributable to T2DM as the product of the
country-year-sex-age-specific PAF and the total number
of deaths in the same strata. All computations were
conducted across 5-year age groups in each country.

We propagated the uncertainty of our data sources
into our final estimates computing 1000 random draws
using the mean and SD of the prevalence and mortality
estimates assuming a log-normal distribution. Likewise,
we computed 1000 random draws of the RR using their
mean and SE. From the 1000 PAF and attributable deaths
computed for each country-age-sex group, the median of
the distribution was herein reported as the main result
and the 2.5 and 97.5 percentiles as the 95% CI. This
process is consistent with the GBD methodology.'®

As NCD-RisC prevalence estimates accounted for total
T2DM (ie, both diagnosed and undiagnosed), but the
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Figure 1

Percentage of deaths in 1990 attributable to 1985 type 2 diabetes mellitus (T2DM) prevalence by country and sex.

Exact number estimates (along with their 95% ClI) are presented in online supplemental table 2.

RR were derived from people with diagnosed T2DM
only,' a sensitivity analysis for diagnosed T2DM only
was performed. We assumed that 58% of the total T2DM
prevalence in each country in LAC corresponded to diag-
nosed T2DM.* *® We multiplied the available prevalence
estimates by 0.58 to approximate to the prevalence of
known diabetes. We thereafter followed the same general
analytical approach using these new prevalence estimates
as sensitivity analysis.

We used scatter plots to correlate the T2DM-attributable
death rates and economic metrics; these plots showed the
Pearson correlation coefficients. These correlations were
only assessed for the main analysis. We used R (V.4.0.3)
for the analyses and figures. The analysis code and data-
sets are available as online supplemental materials.

Ethics

The opinions presented in this work are those of the
authors alone and do not necessarily represent those of
the institutions to which they belong. The authors are
collectively responsible for the accuracy of the findings
presented.

RESULTS

The proportion of all-cause mortality attributable to
T2DM increased in all LAC countries from 1990 to 2019
(figures 1-2). Over this period, the fraction of all-cause
mortality attributable to T2DM increased from 12.2%
(95% CI: 4.0% to 22.7%) to 16.9% (95% CI: 6.3% to

30.3%) in men and from 14.5% (95% CI: 4.8% to 26.9%)
to 19.3% (95% CI: 6.8% to 34.8%) in women.

In 2019, the absolute number of all-cause mortality
attributable to 2014T2DM prevalence in LAC is more
than doubled the absolute number estimated in 1990
for both sexes (figure 3). Absolute number of all-cause
deaths in 2019 attributable to 2014T2DM prevalence
were estimated at 349 787 (95% CI: 115 305 to 711176) in
men and 330414 (95% CI: 105 399 to 670 664) in women.

Results by country

At the country level, LAC countries with the largest
proportions of all-cause mortality in 1990 attributable to
1985 T2DM prevalence in men were from the Caribbean
and Southern Latin America; in women, these countries
were mostly from the Caribbean (figure 1, online supple-
mental table 2). The largest proportions of all-cause
deaths in 2019 attributable to 2014T2DM prevalence
were seen in the Caribbean for both sexes (figure 2,
online supplemental table 2).

The countries with the largest proportions of all-cause
deaths in 2019 attributable to 2014 T2DM prevalence in
men were Bermuda (23.2% (95% CI: 8.0% to 40.6%)),
Saint Kitts and Nevis (22.9% (95% CI: 9.8% to 37.0%)),
and Saint Lucia (22.2% (95% CI: 7.4% to 39.2%)). On
the other hand, the smallest proportions in men were
in Peru (14.5% (95% CI: 4.4% to 27.7%)), Guatemala
(14.6% (95% CI: 4.7% to 26.8%)), and Ecuador (14.6%
(95% CI: 4.5% to 27.8%)); remarkably, two out of these
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Figure 2 Percentage of deaths in 2019 attributable to 2014 type 2 diabetes mellitus (T2DM) prevalence by country and sex.
Exact number estimates (along with their 95% CI) are presented in online supplemental table 2.

three countries (Peru and Ecuador) are in Andean Latin
America.

The largest proportions of all-cause deaths in 2019
attributable to 2014 T2DM prevalence in women were in
Saint Kitts and Nevis (25.9% (95% CI: 10.3% to 42.9%)),
Barbados (24.0% (95% CI: 8.4% to 42.2%)), and Saint
Lucia (23.7% (95% CI: 7.2% to 43.0%)); conversely,
the smallest proportions in women were seen in Haiti
(16.3% (95% CI: 5.7% to 28.8%)), Peru (16.9% (95% CI:
5.3% to 31.9%)), and Paraguay (17.4% (95% CI: 5.9%
to 32.2%)); these countries did not belong to the same
subregion in LAC.

Over the study period, countries that consistently
showed the largest absolute number of all-cause mortality
attributable to T2DM were Brazil, Mexico, and Argentina
(online supplemental table 2). In men, all-cause deaths
in 2019 attributable to 2014T2DM prevalence in these
countries totaled 114604 (95% CI: 41392 to 214053),
73798 (95% CI: 23969 to 154623), and 33170 (95% CI:
12564 to 59893), respectively. A similar profile was seen
in women, where all-cause mortality in 2019 attributable
to 2014 T2DM prevalence was estimated at 110436 (95%
CI: 38042 to 207758), 65189 (95% CI: 21496 to 134257)
and 31430 (95% CI: 10181 to 60176), respectively.

The sensitivity analysis assuming a 10-year lag period
between T2DM and all-cause mortality resulted in slightly
smaller proportions of all-cause deaths attributable
to T2DM compared with the main analysis assuming a

5-year lag period. The geographical patterns were iden-
tical to the main analysis (online supplemental figures
1,2). The sensitivity analysis restricted for diagnosed
T2DM also revealed similar geographical patterns, but
the proportions of all-cause deaths attributable to T2DM
were consistently lower than in the main analysis (online
supplemental figures 5,6).

Results by age groups

In 1990, T2DM-attributable all deaths mostly occurred
at old ages in women. Conversely, the absolute number
of deaths at young versus old ages was similar in men
(figure 3), though we observed a shift to older ages in
deaths attributable to T2DM from 1990 to 2019 in both
men and women. In 2019, T2DM-attributable deaths
mostly occurred at older ages in both sexes; the propor-
tions of deaths attributable to T2DM that occurred
prematurely (below 70 years) were 47.6% in men and
35.0% in women (figure 3).

At the country level in 2019, Caribbean countries had
the highest proportion of all-cause T2DM-attributable
deaths occurring prematurely in both sexes. In men in
2019, countries with the highest proportions of all-cause
deaths attributable to T2DM occurring prematurely were
Saint Kitts and Nevis (66.4%), Guyana (65.2%), and
Bahamas (61.3%); on the other hand, the lowest propor-
tions in men were in Puerto Rico (37.6%), Uruguay
(87.3%), and Cuba (35.4%).
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Figure 3 Absolute number of deaths attributable to type 2 diabetes mellitus (T2DM) in people aged <70years and 70+

yearsby sex in 1990 and 2019.

In women in 2019, countries with the highest propor-
tions of all-cause deaths occurring in people <70 years
were in were Haiti (58.5%), Guyana (55.7%), and Belize
(563.5%); conversely, the lowest proportions in women
were in Puerto Rico (23.5%), Bermuda (22.7%), and
Uruguay (20.7%).

T2DM-attributable age-standardized all-cause mortality rates
In men, we observed that 25 countries (out of 35)
increased their T2DM-attributable age-standardized
death rates from 1990 (figure 4, online supplemental
table 2). In 2019 in men, the highest mortality rates were
seen in Saint Kitts and Nevis (325 (95% CI: 145 to 510)
deaths per 100 000), Guyana (313 (95% CI: 95 to 610)
deaths per 100 000), and Haiti (269 (95% CI: 88 to 507)
deaths per 100 000); all of them increased their mortality
rates since 1990. On the other hand, the lowest mortality
rates in 2019 for men were seen in Peru (96 (95% CI: 26
to 216) deaths per 100000), Colombia (113 (95% CI: 36
to 236) deaths per 100000), and Panama (120 (95% CI:
39 to 238) deaths per 100000); the first two decreased
their death rates since 1990.

A similar pattern was observed in women, 24 countries
(out of 35) increased their mortality rates from 1990
(figure 5, online supplemental table 2).In 2019 in women,
countries with the highest mortality rates were Guyana
(272 (95% CI: 96 to 502) deaths per 100000), Haiti (265

(95% CI: 89 to 504) per 100000), and Saint Kitts and
Nevis (229 (95% CIL: 99 to 370) deaths per 100000);
Guyana and Haiti increased their death rates since 1990.
Notably, for both sexes, countries with the highest death
rates were from the Caribbean. In women in 2019, coun-
tries with the lowest death rates were Colombia (86 (95%
CI: 29 to 174) deaths per 100000), Peru (87 (95% CI:
26 to 186) deaths per 100000), and Panama (89 (95%
CI: 31 to 171) deaths per 100000); Colombia and Peru
decreased their mortality rates since 1990.

The sensitivity analysis assuming a 10-year lag period
between T2DM and all-cause mortality resulted in only
slightly lower death rates compared with the main
analysis (5-year lag period). Countries with the highest
and lowest death rates were the same in both analyses
(online supplemental figures 3,4). The sensitivity analysis
restricted to diagnosed diabetes revealed lower attribut-
able death rates (online supplemental figures 7,8) than
the main analysis for total T2DM; nonetheless, the coun-
tries with the highest and lowest rates were also consistent
in both analyses.

Correlations between the T2DM-attributable death rates and
economic metrics

For the 2019 age-standardized T2DM-attributable death
rates at the country level, there was a negative correla-
tion with the 2019 HDI, yet a positive correlation with the
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Figure 4 Age-standardized type 2 diabetes mellitus (T2DM)-attributable deaths per 100000 people by country and year in
men. Exact number estimates (along with their 95% ClI) are presented in online supplemental table 2). Countries are presented
in ascending order based on their death rates in 2019 (ie, countries with the highest rates in 2019 are on the right-hand side
of the figure). *Countries are abbreviated according to the ISO3 code. From left to right, PER, Peru; COL, Colombia; PAN,
Panama; CRI, Costa Rica; ECU, Ecuador; CUB, Cuba; CHL, Chile; BRA, Brazil; PRY, Paraguay; PRI, Puerto Rico; JAM,
Jamaica; BOL, Bolivia; ATG, Antigua and Barbuda; URY, Uruguay; BMU, Bermuda; SLV, El Salvador; BRB, Barbados; BLZ,
Belize; GTM, Guatemala; MEX, Mexico; DOM, Dominican Republic; ARG, Argentina; VEN, Venezuela; TTO, Trinidad and
Tobago; NIC, Nicaragua; VCT, Saint Vincent and the Grenadines; DMA, Dominica; HND, Honduras; GRD, Grenada; SUR,
Suriname; BHS, Bahamas; LCA, Saint Lucia; HTI, Haiti; GUY, Guyana; KNA, Saint Kitts and Nevis.

proportion of people living in rural areas in 2019 (online
supplemental figure 9). Of note, there was a negative
correlation between the 1990-2019 variation in age-
standardized death rates and the 1990-2019 variation in
GDP per capita.

DISCUSSION

We estimated all-cause mortality attributable to T2DM in
35 countries in LAC using prevalence and mortality data
from global estimates,' > and RRs from a meta-analysis
of cohort studies in LAC."® We observed an increase in
the proportion and the absolute number of all-cause
deaths attributable to T2DM in the last 30 years in LAC;
although the increase in the proportion of all-cause
deaths attributable to T2DM was similar in both sexes,
the proportions were always higher in women compared
with men. There was also a shift to older ages in the
number of attributable deaths to T2DM in both sexes; in
2019, almost one out of two deaths in men occurred in

those aged <70 years, whereas one out of three deaths in
women occurred in those aged <70 years. Notably, Carib-
bean countries showed the highest proportions of all-
cause deaths attributable to T2DM, highest proportions
of deaths occurring prematurely, and highest T2DM age-
standardized death rates. The countries where GDP per
capita increased the most from 1990 to 2019 reduced
their death rates throughout the same period. There was
a positive correlation of the death rates with rurality, yet a
negative correlation with HDI.

Public health relevance

Our results suggest that countries with the highest burden
(ie, proportions and death rates) attributable to T2DM
were from the Caribbean. This finding calls for urgent
actions in these countries. For example, they could aim
to reduce the mortality burden associated with T2DM,
especially in people aged <70 years. We encourage LAC
countries to improve rates of diagnosis of T2DM, which
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Figure 5 Age-standardized type 2 diabetes mellitus (T2DM)-attributable deaths per 100000 people by country and year

in women. Exact number estimates (along with their 95% CI) are presented in online supplemental table 2). Countries are
presented in ascending order based on their death rates in 2019 (ie, countries with the highest rates in 2019 are on the
right-hand side of the figure). *“Countries are abbreviated according to the ISO3 code. From left to right, COL, Colombia;

PER, Peru; PAN, Panama; CRI, Costa Rica; BMU, Bermuda; CHL, Chile; PRI, Puerto Rico; PRY, Paraguay; BRA, Brazil; URY,
Uruguay; CUB, Cuba; ECU, Ecuador; VEN, Venezuela; ARG, Argentina; SLV, El Salvador; MEX, Mexico; NIC, Nicaragua; DOM,
Dominican Republic; TTO, Trinidad and Tobago; GTM, Guatemala; LCA, Saint Lucia; JAM, Jamaica; BLZ, Belize; ATG, Antigua
and Barbuda; BHS, Bahamas; BRB, Barbados; SUR, Suriname; VCT, Saint Vincent and the Grenadines; BOL, Bolivia; DMA,
Dominica; GRD, Grenada; HND, Honduras; KNA, Saint Kitts and Nevis; HTI, Haiti; GUY, Guyana.

can be done by validating T2DM screening tools (eg,
Finnish Diabetes Risk Score)*’ for LAC populations. Also,
as LAC public health systems often face limited resources,
low-cost interventions to improve T2DM management
and prevention of complications are warranted.” For
example, interventions using mobile health technology
(eg, telemedicine) and community health workers
could be used;gl 32 remarkably, some efforts in LAC have
been implemented and more are currently being evalu-
ated.” ™ As these interventions could help to accomplish
NCDs mortality reduction targets,'?* the findings herein
presented could serve as a baseline to inform the surveil-
lance and monitoring of LAC countries as they work to
achieve these international goals.

Potential explanations

As the PAF computation leveraged on country-specific
prevalence estimates and constant RRs for all countries
and both sexes, the proportion of all-cause deaths attrib-
utable to T2DM was largely driven by the country-specific

T2DM prevalence estimates. We observed that Caribbean
countries had the highest proportion of all-cause deaths
in 2019 attributable to 2014T2DM prevalence. This is
consistent with the fact that Caribbean countries had the
highest T2DM prevalence in 2014 across LAC.> We found
that the proportion of all-cause deaths attributable to
T2DM was slightly higher in women compared with men
in LAC. This is consistent with sex-specific T2DM preva-
lence estimates in LAC, where the prevalence of T2DM
is higher in women than men.” The factors behind the
rise in T2DM prevalence could also explain the upward
trend of the proportion of all-cause deaths attributable
to T2DM in LAC. For example, high body mass index is
the most important risk factor for T2DM in adults and
obesity prevalence in LAC has more than quadrupled in
men and almost tripled in women from 1975 to 2016.%
Our sensitivity analysis restricted to diagnosed T2DM
resulted in lower proportion of all-cause deaths attribut-
able to T2DM compared with our main analysis for total
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T2DM (undiagnosed and diagnosed). This is explained
by the high proportion of people with T2DM that
are unaware of their diagnosis in LAC.* *® Of note, we
only used one estimate of the proportion of diagnosed
diabetes in LAC. Therefore, these sensitivity results for
LAC countries where access to healthcare is much more
limited could have been underestimated; conversely,
these sensitivity results for countries where access to
healthcare is optimal could have been overestimated.

The top three countries with the absolute number of all-
cause deaths attributable to T2DM were Brazil, Mexico,
and Argentina; these three countries accounted for 63%
of the total absolute number of all-cause deaths in 2019
attributable to 2014 T2DM prevalence in LAC. An expla-
nation for these results could be the large population of
these countries, as 61% of all adults 220 years in LAC live
in Brazil, Mexico, and Argentina.21 Furthermore, Brazil
and Mexico were positioned in the top 10 countries with
the largest number of adults with T2DM in 2014.”

Results in context

The study most similar to ours (ie, same methodology,
exposure, and outcome) provided global, regional,
and national results of all-cause deaths attributable to
diabetes.*” Nonetheless, they only provided estimates for
people aged 20-79 years, only used RR derived from US
populations for LAC, and only analyzed for 1year.* Our
results advanced this evidence by incorporating RR from
LAC in the analysis, providing—arguably—more accu-
rate results for LAC.

Compared with their proportion and absolute esti-
mates of all-cause deaths attributable to T2DM for South
and Central America in 2019,40 our estimates for the same
year were higher. This could be explained by two factors.
First, we included a broader population (ie, all people
220 years). Second, our RRs were higher compared with
theirs in the older age groups. Nevertheless, theirs and
our results agreed on the observation that most deaths
attributable to T2DM occurred in older age groups.

Another comparative risk assessment similar to ours was
developed by the GBD.'"®*' Even though they analyzed
different exposures (high fasting plasma glucose), we
both found that the highest death rates were seen in
Caribbean countries; in women, theirs and our findings
signaled the same countries with the highest death rates
(Haiti and Guyana). Also, similar to our results, they
reported a shift to older ages (270 years) in the absolute
number of attributable deaths between 1990 and 2019.

National efforts have been made in LAC countries to
describe the mortality attributable to T2DM based on
death certificates.* ® 7 In this approach, deaths would
be considered as caused by T2DM if they had it listed
as their UCD. Although this is the usual approach when
analyzing causes of death, it has limitations to consider.
First, T2DM is not usually certified as the UCD in VR
of patients with T2DM (eg, even less than 15%)." '
Second, LAC countries may not meet high levels of regis-
tered deaths; also, these registries may have quality issues

(eg, garbage codes). Both factors could explain the
differences between the results we presented following
an estimation approach and the results of studies using
death certificates.* ®*' For instance, we reported a higher
proportion of all deaths attributable to T2DM, a higher
absolute number of deaths attributable to T2DM, and a
higher T2DM-attributable age-standardized death rates,
than the ones reported in Argentina,6 Brazil,41 Chile,6
Colombia,6 Mexico® and Peru.?

Strengths and limitations

In this study, we used nationally representative data
sources from 35 countries in LAC, along with RR derived
from a recently published meta-analysis of cohort studies
conducted in LAC." Furthermore, we leveraged on prev-
alence estimates (NCD-RisC) thataccounted for temporal
changes in T2DM diagnostic criteria and included both
diagnosed and undiagnosed T2DM.” To our knowledge,
this is the first effort to estimate the T2DM-attributable
mortality burden in LAC using RR derived from cohorts
in LAC and considered a lag period between exposure
(T2DM diagnosis) and outcome (all-cause mortality).
Nonetheless, there are some limitations we must acknowl-
edge. First, although the RRs of mortality were retrieved
from a meta-analysis of cohorts in LAC,"™ these may not
represent the mortality risk profile from all LAC coun-
tries because they did not pool risk estimates from all
countries in LAC. The RR of all-cause mortality in people
with versus without T2DM is unlikely to be equal among
all LAC countries'™ * because there are heterogeneous
profiles in terms of healthcare access and T2DM-related
policies.”” Second, we assumed the same RR for men
and women because of data availability. Even though
the meta-analysis reported similar (non-age-specific) RR
for men and women,18 international evidence describes
that RR differs by sex."” ** Future research in LAC is
needed to produce more robust data on the mortality
attributable to T2DM by sex and including other causes
of death. For instance, cohort studies in LAC should
aim to analyze cause-specific mortality in people with
T2DM versus people without T2DM, and differences in
the all-cause mortality by sex, urban/rural location, and
socioeconomic status. Third, because of data availability,
age-specific RRs were derived from LAC cohorts based on
self-reported diabetes. As local evidence indicates the RR
of all-cause mortality in people with self-reported diabetes
is slightly higher than in people with total diabetes,"® our
main estimates could have been overestimated because
we used RR for self-reported diabetes only. We performed
a sensitivity analysis restricted for diagnosed diabetes only
which resulted in smaller metrics than those from the
main analysis, though the main findings and conclusions
did not change (eg, ranking of countries). Readers and
potential users of this information should interpret our
findings in light of this limitation. Finally, prevalence esti-
mates for 11 Caribbean countries (online supplemental
table 2) included in our analysis were modeled estimates.
This could have explained the higher uncertainty for
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these countries compared with those countries which
prevalence estimates were based on local data (eg, Brazil).

CONCLUSION

From 1990 to 2019, there was an increase in the propor-
tion and the absolute number of all-cause mortality
attributable to T2DM across LAC. Furthermore, most
LAC countries increased their T2DM-attributable death
rates since 1990. These findings call to strengthen
early diagnosis and management of T2DM, along with
prevention of T2DM microvascular and cardiovascular
complications.

Contributors WCG-V conceived the idea, conducted the analysis, and wrote the
first draft of the manuscript. RMC-L oversaw the analysis, edited, and provided
critical input to improve the manuscript. Both authors approved the submitted
version. Both authors are guarantors of this research.

Funding RMC-L is supported by a Wellcome Trust International Training Fellowship
(214185/2/18/2).

Map disclaimer The inclusion of any map (including the depiction of any
boundaries therein), or of any geographic or locational reference, does not imply
the expression of any opinion whatsoever on the part of BMJ concerning the legal
status of any country, territory, jurisdiction or area or of its authorities. Any such
expression remains solely that of the relevant source and is not endorsed by BMJ.
Maps are provided without any warranty of any kind, either express or implied.

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval This study does not involve human participants. This work was
waived of ethical approval by the Ethics Committee at Universidad Peruana Cayetano
Heredia (UPCH), Lima, Peru.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information. Datasets and analysis code in
supplementary materials.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs
Wilmer Cristobal Guzman-Vilca http://orcid.org/0000-0002-2194-8496
Rodrigo M Carrillo-Larco http://orcid.org/0000-0002-2090-1856

REFERENCES

1 GBD 2019 Diseases and Injuries Collaborators. Global burden of 369
diseases and injuries in 204 countries and territories, 1990-2019: a
systematic analysis for the Global Burden of Disease Study 2019.
Lancet 2020;396:1204-22.

2 Saeedi P, Petersohn |, Salpea P, et al. Global and regional diabetes
prevalence estimates for 2019 and projections for 2030 and 2045:
Results from the International Diabetes Federation Diabetes Atlas,
9'" edition. Diabetes Res Clin Pract 2019;157:107843.

3

10

20

21

22

23

24

25

26

27

28

NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in
diabetes since 1980: a pooled analysis of 751 population-based
studies with 4.4 million participants. Lancet 2016;387:1513-30.
Atamari-Anahui N, Ccorahua-Rios MS, Taype-Rondan A. Mortalidad
atribuida a diabetes mellitus registrada en el Ministerio de Salud de
Peru, 2005-2014. Rev Panam Salud Publica 2018;42.

Hernandez H, Macias G. [Time-trend analysis of diabetes mellitus
mortality in Argentina, 1990-2013]. Rev Panam Salud Publica
2017;41:e73.

Agudelo-Botero M, Davila-Cervantes CA. Carga de la mortalidad
por diabetes mellitus en América Latina 2000-2011: los casos de
Argentina, Chile, Colombia y México. Gac Sanit 2015;29:172-7.
Schmidt MI, Duncan BB, Ishitani L, et al. Trends in mortality due to
diabetes in Brazil, 1996-2011. Diabetol Metab Syndr 2015;7:109.
GBD 2017 Causes of Death Collaborators. Global, regional, and
national age-sex-specific mortality for 282 causes of death in 195
countries and territories, 1980-2017: a systematic analysis for the
global burden of disease study 2017. Lancet 2018;392:1736-88.
Bennett JE, Stevens GA, Mathers CD, et al. Ncd countdown 2030:
worldwide trends in non-communicable disease mortality and
progress towards sustainable development goal target 3.4. The
Lancet 2018;392:1072-88.

Saydah SH, Geiss LS, Tierney E, et al. Review of the performance
of methods to identify diabetes cases among vital statistics,
administrative, and survey data. Ann Epidemiol 2004;14:507-16.
McEwen LN, Kim C, Haan M, et al. Diabetes reporting as a cause of
death: results from the translating research into action for diabetes
(triad) study. Diabetes Care 2006;29:247-53.

Gu K, Cowie CC, Harris MI. Mortality in adults with and without
diabetes in a national cohort of the U.S. population, 1971-1993.
Diabetes Care 1998;21:1138-45.

Stokes A, Preston SH. Deaths attributable to diabetes in the United
States: comparison of data sources and estimation approaches.
PLoS One 2017;12:e0170219.

Alva ML, Hoerger TJ, Zhang P, et al. State-level diabetes-attributable
mortality and years of life lost in the United States. Ann Epidemiol
2018;28:790-5.

Bracco PA, Gregg EW, Rolka DB, et al. A nationwide analysis of

the excess death attributable to diabetes in Brazil. J Glob Health
2020;10:010401.

Murray CJL, Aravkin AY, Zheng P, et al. Global burden of 87 risk
factors in 204 countries and territories, 1990-2019: a systematic
analysis for the global burden of disease study 2019. The Lancet
2020;396:1223-49.

Singh GM, Danaei G, Farzadfar F, et al. The age-specific quantitative
effects of metabolic risk factors on cardiovascular diseases and
diabetes: a pooled analysis. PLoS One 2013;8:e65174.
Carrillo-Larco RM, Barengo NC, Albitres-Flores L, et al. The risk of
mortality among people with type 2 diabetes in Latin America: a
systematic review and meta-analysis of population-based cohort
studies. Diabetes Metab Res Rev 2019;35:€3139.

United Nations. Transforming our World: The 2030 Agenda for
Sustainable Development [Internet], 2015. Available: https://sustaina
bledevelopment.un.org/post2015/transformingourworld/publication
Pan American Health Organization. Plan of Action for the Prevention
and Control of Noncommunicable Diseases in the Americas 2013-
2019 [Internet]. PAHO, 2014. Available: https://iris.paho.org/handle/
10665.2/350097locale-attribute=es

GBD Results Tool | GHDx [Internet]. Available: http://ghdx.
healthdata.org/gbd-results-tool

NCD Risk Factor Collaboration (NCD-RisC). Data Downloads.
Available: https://ncdrisc.org/data-downloads.html

Ahmad O, Boschi-Pinto C, Lopez A, et al. Age standardization of
rates: a new WHO standard [Internet], 2001. Available: https://www.
who.int/healthinfo/paper31.pdf

World Bank. GDP per capita (constant 2010 US$) - Peru | Data
[Internet].. Available: https://data.worldbank.org/indicator/NY.GDP.
PCAP.KD?locations=PE [Accessed 15 Oct 2021].

World Bank. Rural population (% of total population) | Data [Internet].
Available: https://data.worldbank.org/indicator/SP.RUR.TOTL.ZS
[Accessed 15 Oct 2021].

United Nations Development Programme. Human Development Data
Center | Human Development Reports [Internet]. Available: http://
hdr.undp.org/en/data [Accessed 15 Oct 2021].

World Health Organization. Global health risks: mortality and
burden of disease attributable to selected major risks [Internet].
Geneva: World Health Organization, 2009. Available: https://www.
who.int/healthinfo/global_burden_disease/GlobalHealthRisks_
report_full.pdf

Manne-Goehler J, Geldsetzer P, Agoudavi K, et al. Health system
performance for people with diabetes in 28 low- and middle-income

BMJ Open Diab Res Care 2022;10:¢002673. doi:10.1136/bmjdrc-2021-002673


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-2194-8496
http://orcid.org/0000-0002-2090-1856
http://dx.doi.org/10.1016/S0140-6736(20)30925-9
http://dx.doi.org/10.1016/j.diabres.2019.107843
http://dx.doi.org/10.1016/S0140-6736(16)00618-8
http://www.ncbi.nlm.nih.gov/pubmed/28614482
http://dx.doi.org/10.1016/j.gaceta.2015.01.015
http://dx.doi.org/10.1186/s13098-015-0105-5
http://dx.doi.org/10.1016/S0140-6736(18)32203-7
http://dx.doi.org/10.1016/S0140-6736(18)31992-5
http://dx.doi.org/10.1016/S0140-6736(18)31992-5
http://dx.doi.org/10.1016/j.annepidem.2003.09.016
http://dx.doi.org/10.2337/diacare.29.02.06.dc05-0998
http://dx.doi.org/10.2337/diacare.21.7.1138
http://dx.doi.org/10.1371/journal.pone.0170219
http://dx.doi.org/10.1016/j.annepidem.2018.08.015
http://dx.doi.org/10.7189/jogh.10.010401
http://dx.doi.org/10.1016/S0140-6736(20)30752-2
http://dx.doi.org/10.1371/journal.pone.0065174
http://dx.doi.org/10.1002/dmrr.3139
https://sustainabledevelopment.un.org/post2015/transformingourworld/publication
https://sustainabledevelopment.un.org/post2015/transformingourworld/publication
https://iris.paho.org/handle/10665.2/35009?locale-attribute=es
https://iris.paho.org/handle/10665.2/35009?locale-attribute=es
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
https://ncdrisc.org/data-downloads.html
https://www.who.int/healthinfo/paper31.pdf
https://www.who.int/healthinfo/paper31.pdf
https://data.worldbank.org/indicator/NY.GDP.PCAP.KD?locations=PE
https://data.worldbank.org/indicator/NY.GDP.PCAP.KD?locations=PE
https://data.worldbank.org/indicator/SP.RUR.TOTL.ZS
http://hdr.undp.org/en/data
http://hdr.undp.org/en/data
https://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_report_full.pdf
https://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_report_full.pdf
https://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_report_full.pdf

Epidemiology/Health services research a

countries: a cross-sectional study of nationally representative 36 Micikas M, Foster J, Weis A, et al. A community health worker
surveys. PLoS Med 2019;16:e1002751. intervention for diabetes self-management among the Tz'utujil Maya

29 Lindstrém J, Tuomilehto J. The diabetes risk score: a practical tool of Guatemala. Health Promot Pract 2015;16:601-8.
to predict type 2 diabetes risk. Diabetes Care 2003;26:725-31. 37 Gagliardino JJ, Arrechea V, Assad D, et al. Type 2 diabetes

30 Kaselitz E, Rana GK, Heisler M. Public policies and interventions patients educated by other patients perform at least as well
for diabetes in Latin America: a scoping review. Curr Diab Rep as patients trained by professionals. Diabetes Metab Res Rev
2017;17:65. 2013;29:152-60.

31 MaoY, Lin W, Wen J, et al. Impact and efficacy of mobile health 38 do Valle Nascimento TMR, Resnicow K, Nery M, et al. A pilot study
intervention in the management of diabetes and hypertension: a of a community health Agent-led type 2 diabetes self-management
systematic review and meta-analysis. BMJ Open Diabetes Res Care program using motivational Interviewing-based approaches in a
2020;8:e001225. public primary care center in Sdo Paulo, Brazil. BMC Health Serv

32 Little TV, Wang ML, Castro EM, et al. Community health worker Res 2017;17:32.
interventions for Latinos with type 2 diabetes: a systematic review of 39 Abarca-Gomez L, Abdeen ZA, Hamid ZA, et al. Worldwide trends in
randomized controlled trials. Curr Diab Rep 2014;14:558. body-mass index, underweight, overweight, and obesity from 1975

33 Piette JD, Mendoza-Avelares MO, Ganser M, et al. A preliminary to 2016: a pooled analysis of 2416 population-based measurement
study of a cloud-computing model for chronic illness self- studies in 128-9 million children, adolescents, and adults. The Lancet
care support in an underdeveloped country. Am J Prev Med 2017;390:2627-42.
2011;40:629-32. 40 Saeedi P, Salpea P, Karuranga S, et al. Mortality attributable to

34 Lazo-Porras M, Bernabe-Ortiz A, Sacksteder KA, et al. diabetes in 20-79 years old adults, 2019 estimates: Results from
Implementation of foot thermometry plus mHealth to prevent the International Diabetes Federation Diabetes Atlas, 9™ edition.
diabetic foot ulcers: study protocol for a randomized controlled trial. Diabetes Res Clin Pract 2020;162:108086.

Trials 2016;17:206. 41 Cesse EAP, Carvalho EFde, Souza WVde, et al. [Mortality trends by

35 Santero M, Morelli D, Nejamis A, et al. Using mHealth strategies the diabetes mellitus in Brazil: 1950 to 2000]. Arq Bras Endocrinol
in a diabetes management program to improve the quality of care Metabol 2009;53:760-6.
in Argentina: study design and baseline data. Prim Care Diabetes 42 Roglic G, Unwin N. Mortality attributable to diabetes: estimates for
2018;12:510-6. the year 2010. Diabetes Res Clin Pract 2010;87:15-19.

10 BMJ Open Diab Res Care 2022;10:¢002673. doi:10.1136/bmjdrc-2021-002673


http://dx.doi.org/10.1371/journal.pmed.1002751
http://dx.doi.org/10.2337/diacare.26.3.725
http://dx.doi.org/10.1007/s11892-017-0888-x
http://dx.doi.org/10.1136/bmjdrc-2020-001225
http://dx.doi.org/10.1007/s11892-014-0558-1
http://dx.doi.org/10.1016/j.amepre.2011.02.014
http://dx.doi.org/10.1186/s13063-016-1333-1
http://dx.doi.org/10.1016/j.pcd.2018.07.014
http://dx.doi.org/10.1177/1524839914557033
http://dx.doi.org/10.1002/dmrr.2368
http://dx.doi.org/10.1186/s12913-016-1968-3
http://dx.doi.org/10.1186/s12913-016-1968-3
http://dx.doi.org/10.1016/S0140-6736(17)32129-3
http://dx.doi.org/10.1016/j.diabres.2020.108086
http://dx.doi.org/10.1590/s0004-27302009000600011
http://dx.doi.org/10.1590/s0004-27302009000600011
http://dx.doi.org/10.1016/j.diabres.2009.10.006

	Mortality attributable to type 2 diabetes mellitus in Latin America and the Caribbean: a comparative risk assessment analysis
	Abstract
	Introduction﻿﻿
	Research design and methods
	Study overview
	Data sources
	Diabetes prevalence
	Relative risks
	All-cause mortality
	Population
	Economic metrics

	Statistical analysis
	Ethics

	Results
	Results by country
	Results by age groups
	T2DM-attributable age-standardized all-cause mortality rates
	Correlations between the T2DM-attributable death rates and economic metrics

	Discussion
	Public health relevance
	Potential explanations
	Results in context
	Strengths and limitations

	Conclusion
	References


