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Burden of diabetes and hyperglycaemia in adults in the
Americas, 1990-2019: a systematic analysis for the Global
Burden of Disease Study 2019

GBD 2019 Diabetes in the Americas Collaborators*

Summary

Background High prevalence of diabetes has been reported in the Americas, but no comprehensive analysis of
diabetes burden and related factors for the region is available. We aimed to describe the burden of type 1 and
type 2 diabetes and that of hyperglycaemia in the Americas from 1990 to 2019.

Methods We used estimates from GBD 2019 to evaluate the burden of diabetes in adults aged 20 years or older and high
fasting plasma glucose in adults aged 25 years or older in the 39 countries and territories of the six regions in the
Americas from 1990 to 2019. The main source to estimate the mortality attributable to diabetes and to chronic kidney
disease due to diabetes was vital registration. Mortality due to overall diabetes (ie, diabetes and diabetes due to chronic
kidney disease) was estimated using the Cause of Death Ensemble model. Years of life lost (YLLs) were calculated as the
number of deaths multiplied by standard life expectancy at the age that the death occurred, years lived with disability
(YLDs) were estimated based on the prevalence and severity of complications of diabetes. Disability-adjusted life-years
(DALYs) were estimated as a sum of YLDs and YLLs. We assessed the association of diabetes burden with the level of
development of a country (according to the Socio-demographic Index), health-care access and quality (estimated with
the Healthcare Access and Quality Index), and diabetes prevalence. We also calculated the population attributable
fraction (PAF) of diabetes burden due to each ofits risk factors. We report the 95% uncertainty intervals for all estimates.

Findings In 2019, an estimated total of 409000 (95% uncertainty interval 373 000-443000) adults aged 20 years or
older in the Americas died from diabetes, which represented 5-9% of all deaths. Diabetes was responsible
for 2266 (1930-2649) crude DALYs per 100000 adults in the Americas, and high fasting plasma glucose for
4401 DALYs (3685-5265) per 100000 adults, with large variation across regions. DALYs were mostly due to
type 2 diabetes and distribution was heterogeneous, being highest in central Latin America and the Caribbean and
lowest in high-income North America and southern Latin America. Between 1990 and 2019, age-standardised DALYs
due to type 2 diabetes increased 27-4% (22-0-32-5). This increase was particularly high in Andean Latin America
and high-income North America. Burden for both type 1 and type 2 diabetes across countries increased with higher
diabetes prevalence and decreased with greater Socio-demographic and Healthcare Access and Quality Indices. Main
risk factors for the burden were high BMI, with a PAF of 63 -2% and dietary risks, with a PAF of 27-5%. The fraction
of burden due to disability has increased since 1990 and now represents nearly half of the overall burden in 2019.

Interpretation The burden of diabetes in the Americas is large, increasing, heterogeneous, and expanding. To confront
the rising burden, population-based interventions aimed to reduce type 2 diabetes risk and strengthening health
systems to provide effective and cost-efficient care for those affected are mandatory.

Funding Bill & Melinda Gates Foundation.
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Introduction

The challenge of the non-communicable disease (NCD)
burden has led the UN and WHO to prioritise NCD
control with a focus on five disease groups: cardiovascular
diseases, cancer, chronic obstructive pulmonary disease,
diabetes, and mental health.! Of these diseases, only
diabetes has shown a continuing major increase in
burden, assessed by disability-adjusted life-years (DALYs)
from 1990 to 2019.2

Studies looking specifically at global diabetes burden,
considering both mortality and disability, are sparse.
A Global Burden of Diseases, Injuries, and Risk Factors
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Study (GBD) 2015 analysis in the Eastern Mediterranean
region showed a major and heterogeneous burden of
diabetes and chronic kidney disease.’ However, few
evaluations are available for other regions of the world.*
In addition, to our knowledge, no such study has been
done separately by type of diabetes, which is feasible
with the GBD 2019 cycle.

Diabetes in the Americas, composed of six GBD
regions—high-income North America, the Caribbean,
and central, Andean, tropical, and southern Latin
Americas—which have great cultural and socioeconomic
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Research in context

Evidence before this study

We searched PubMed on March 1, 2021, using the terms
[diabetes mellitus AND “disease burden” AND America],
without restrictions for language or article type. We also
searched the Pan American Health Organization website for
relevant publications on diabetes in the region on Aug 2, 2021.
Although we found data regarding prevalence, incidence, and
mortality, little data on burden of diabetes was available for the
Americas, and we found no data addressing separately the
burden of type 1 and type 2 diabetes.

Added value of this study

Using standard estimates from the Global Burden of Diseases,
Injuries, and Risk Factors Study (GBD) 2019, we document

a large burden of diabetes and hyperglycaemia in the Americas,
mostly due to type 2 diabetes, with ample heterogeneity across
its regions. A cluster of countries within central Latin America
and the Caribbean presented a remarkably high burden in 2019.
The main driver of the increase in burden was the increasing

heterogeneity, is an important and growing problem.’
Major overall diabetes burden has been reported for
some of its countries.”” This finding is particularly
relevant considering the heterogeneous rates of diabetes
reported for the Americas, with very high prevalence in
the English-speaking Caribbean.® A broader analysis of
the diabetes burden throughout the Americas could
highlight gaps and challenges for specific subregions
and identify areas that are in greater need of intervention.

In this study our aim was to describe the burden of
type 1 and type 2 diabetes and hyperglycaemia across
the Americas, and to evaluate trends and causes
of this burden from 1990 to 2019. This manuscript was
produced as part of the GBD Collaborator Network and
in accordance with the GBD Protocol.

Methods

Overview

We analysed the burden of diabetes in adults aged
20 years or older in 39 countries and territories, hereafter
called countries, across the six regions (appendix p 74) of
the Americas from 1990 to 2019 using estimates from
GBD 2019. To measure the disease burden, we used
DALYs, calculated as the sum of premature mortality
(vears of life lost [YLLs]) and disability (years lived with
disability [YLDs]). We also reported deaths, prevalence,
and incidence. We briefly describe these estimations
here, but they are more extensively described in the
appendix (pp 20, 38) and elsewhere.>**

GBD characterises the burden of diabetes through
two distinct approaches (appendix p 9). The first, which
considers diabetes as a disease, estimates the burden
directly due to diabetes and due to chronic kidney disease
resulting from diabetes. For this report, we joined

prevalence of diabetes. Greater development and, most
notably, greater health-care access and quality mitigate part of
the burden, as illustrated by high-income North America, which
presents a large diabetes prevalence but only a mid-level
diabetes burden. From 1990 to 2019, the age-standardised
burden of diabetes increased in all regions for both type 1 and
type 2 diabetes, and the burden of type 2 diabetes was
particularly increased in high-income North America and
Andean Latin America.

Implications of all the available evidence

The burden of diabetes continues to increase and expand
throughout the Americas. Unless strong actions are taken, this
burden is likely to increase further in the foreseeable future,
given the ever-growing prevalence of diabetes. Although better
access to high-quality health care is much needed in the region,
vigorous implementation of public health policies aimed at
primary prevention of type 2 diabetes is of essence.

these two, considering their sum as the burden due to
diabetes. The second, expressed by the risk factor high
fasting plasma glucose, joins the burden due to diabetes
and chronic kidney disease resulting from diabetes with
that caused indirectly by diabetes (and by a lesser degree
of hyperglycaemia) through other diseases (cardiovascular
diseases, neoplasms, dementia, vision impairment
related to cataract and glaucoma, and tuberculosis).

Burden of diabetes and of chronic kidney disease due to
diabetes

To estimate all-cause mortality, GBD gathers data from
vital registration, sample registration, and censuses and
surveys. Annual vital registration data were available for
most countries (see the appendix p 18 for more detail). To
estimate the mortality attributable to diabetes and to
chronic kidney disease due to diabetes, the fundamental
resource is vital registration, based on the International
Classification of Diseases (ICD), versions 9 (codes 250
and 755.1) and 10 (E10-E14 and P70.2). Adjustments for
under-reporting of deaths are done before modelling. IlI-
defined causes of deaths (eg, sepsis) and deaths due to
improbable or poorly described causes, the latter
including for IDC-10 code E14 (unspecified diabetes
mellitus), are redistributed before modelling using
previously defined algorithms (appendix p 14), with
resultant fractions of these deaths being added to deaths
attributed to type 1 or type 2 diabetes or chronic kidney
disease due to either type of diabetes. GBD then estimates
cause-specific mortality rates separately by type of
diabetes using the Cause of Death Ensemble model. The
Cause of Death Ensemble model combines results from
different statistical models, weighing each model based
on its out-of-sample predictive validity. After this process,
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cause of death correction (CoDCorrect) makes the
estimates for all causes of death collectively exhaustive
and mutually exclusive. During this step, GBD also
calculates YLLs as the number of deaths multiplied by
standard life expectancy at the age that death occurred.”

To estimate the non-fatal burden expressed through
YLDs, GBD gathers data on diabetes and the likelihood
of complications (ie, sequelae) and performs the
following steps. First, prevalence of diabetes was obtained
from population-based surveys, with diabetes being
defined by the reference case definition of fasting plasma
glucose of more than 126 mg/dL (7 mmol/L) or on
treatment. When studies used other criteria—eg, based
on glycated haemoglobin or the oral glucose tolerance
test—their results were adjusted to this reference
(appendix p 45). GBD then applies DisMod-MR 2.1,
a Bayesian meta-regression tool, to produce estimates of
diabetes prevalence and incidence. To separate the
prevalence due to diabetes by type, the prevalence due to
type 1 diabetes is calculated using all available data
related to population-representative estimates. The
prevalence of type 2 diabetes is then calculated by
subtracting the estimated type 1 diabetes prevalence
from the overall diabetes prevalence. Second, the
likelihood of sequelae is estimated from a relevant
literature review. Prevalence of specific diabetes sequelae
(eg, amputation) are calculated in age and sex strata by
multiplying the prevalence of diabetes times the
likelihood of the sequela. Third, YLDs for a sequela are
calculated as the prevalence of the sequela multiplied by
the level of disability it causes. Level of disability
(as assessed by disability weights; appendix p 49) is
estimated based on surveys done in several countries
worldwide, including Peru and USA from the Americas.?
YLDs are then summed across age and sex strata and
sequelae to produce total YLDs due to diabetes. The
derived YLDs can be conceived of as health loss from
living in a less than optimum health state due to diabetes
and its complications. The appendix (p 75) provides the
number of the studies used for these non-fatal
estimations. Studies specific to type 1 diabetes were less
frequent, particularly for Andean and central Latin
America and for the Caribbean. Finally, YLDs are
summed with YLLs to produce burden in DALYs for
overall and for each type of diabetes.

Burden of high fasting plasma glucose

To estimate this wider burden when diabetes is also
considered as a risk factor for various other diseases,
GBD uses the construct of high fasting plasma glucose
(available only for adults aged >25 years) as a risk factor.
To calculate the burden due to high fasting plasma
glucose for causes for which meta-analyses of the
literature describe increasingly greater risk at pro-
gressively higher glycaemic levels (ischaemic heart
disease, ischaemic stroke, subarachnoid haemorrhage,
intracerebral haemorrhage, and peripheral vascular
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disease), GBD estimates each population’s fasting
plasma glucose distribution from studies presenting
individual glucose data or population mean and standard
deviation of fasting plasma glucose. When these values are
not available, the distribution is predicted from diabetes
prevalence. The population attributable fraction (PAF)
for these outcomes is then estimated by contrasting risk
at this distribution against that expected at the theoretical
minimum-risk exposure level, based on a continuous
risk—outcome curve derived using non-parametric
Bayesian spline methods." The theoretical minimum-
risk exposure level is defined as the level of fasting
plasma glucose that minimises risk at the population
level. For causes for which the relative risk has been
characterised principally in meta-analyses comparing
risk in the presence or absence of diabetes (pancreatic,
ovarian, colorectal, bladder, lung, breast, and liver
cancer; tuberculosis; glaucoma; cataracts; and dementia),
the PAF is calculated based on that relative risk.
The attributable burden for all relevant outcomes (as
mentioned previously), calculated using their respective
PAFs, is summed with that directly related to diabetes to
produce the overall burden due to high fasting plasma
glucose, expressed here in crude DALYs. The
appendix (p 75) provides the number of studies used to
obtain these estimations.

Other definitions and analytical approaches

GBD gathers data on behavioural, environmental and
occupational, and metabolic risk factors for diabetes, as
previously described.” The prevalence of continuously
expressed risk factors such as high BMI are estimated by
their summary exposure value. The summary exposure
value weighs the prevalence of different levels of the risk
factor by the severity of the burden caused at each level.
The PAF of diabetes burden due to each of its risk factors
is the sum of the excess burden from premature death
and disability due to the specific risk factor divided by the
total diabetes burden.

GBD expresses the level of development of a country
by the Socio-demographic Index (SDI), which is
a composite measure of income per capita, total fertility
rate (age <25 years), and average educational attainment
(for those aged =15 years).” GBD uses the Healthcare
Access and Quality (HAQ) Index to estimate personal
health-care access and quality in each country based on
risk-standardised mortality estimates from causes that
should not result in death in the presence of high-quality
health care.”

We report the 95% uncertainty intervals (Uls) obtained
by running 1000 draws of each step of the estimation
processes described previously, propagating these values
through the overall analysis, and taking the final 2- 5th and
97- 5th percentile values as Ul limits.

GBD 2019 analyses were done with Python (version 3.6.2),
Stata (version 13), and R (version 3.5.0). The analyses
specific to this study were done with R (version 3.6).
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Age-standardised death rate per 100 000 Age-standardised DALY rate per 100 000
1990 2019 Percentage change, 1990 2019 Percentage change,
1990-2019 1990-2019

Type 1 diabetes

Global 32(261039) 2.9 (2-4t03-6) -9:3% (-19-8t03-1) 139-0 (114-8 t0 164.0) 1345 (110-6 t0 1597) -32% (-12:3t0 67)

The Americas 29 (2-4t035) 33(26t042) 13-5% (0710 27-1) 141.9 (119-5 t0 166.9) 1611 (130-9t0 191.6) 13-5% (2.5t0231)
High-income North 20 (17t02:5) 22(17t02:6) 11.6% (-6-6t022.8) 1351 (111110 163-4) 1514 (122-0t0 185.6) 121% (1-4 t0 18.5)

America

Central Latin America 40 (320 5:0) 58 (4-1t0 8.0) 453% (19310 73-0) 1478 (1208 t0 181.1) 2205 (1645 t0 289-0) 49-1% (26-2t073.0)
Caribbean 59 (4-6t0 7-0) 55 (42107.0) -7-6% (-25-8t0 13-4) 218-4 (173710 259-4) 2164 (1703 t0 271-4) -0-9% (-17-9t0 19-1)
Andean Latin America 32(25t041) 34 (2410 4.9) 56% (-17-5t0 31.0) 1233(99-0t0 153-4) 1306 (96-6t0 171.6) 59% (-13-6 to0 28-3)
Tropical Latin America 39(3-1t04-8) 2.8(22103-6) -27-8% (-35-6 t0-205)  150-9 (124-9t0 1827) 1328 (107-1t0157-8) -12:0% (-22-1t0 -4-2)
Southern Latin America 34 (2-5t0 4-2) 27(2:0t035) -21:3% (-29-9t0-9-2) 1321 (107-1t0 156-8) 119-8 (95-9 to 145-4) -9:3% (-16-6 to-1-4)

Type 2 diabetes

Global 329(308t0351)  37-4(343t0403)  13-5% (6-9t020:5) 1151.8 (10017t01326:4) 14545 (12351t01714-4)  26:3% (202t031.8)

The Americas 393(36:9t0410)  46-8 (42810505  190% (12:3t026:2) 14715 (1281.0t016845)  1874-6 (1589-61022107)  27-4% (22.0t032:5)
High-income North 23-9(22210253)  275(249t0296)  14.7% (9-6t0205) 10183 (8619t01204-6) 13618 (1111-8t016582)  337% (27-8t039-4)
America
Central Latin America  79-8(753t083:0) 916 (80-4t0103-4)  14-8% (1-9t0 28-1) 2747-0 (2419-81031052)  3264-0(27993t03829-4)  18-8% (10-1t0 27-8)
Caribbean 72:6 (677t077-4) 665 (56-0t078:6)  -8-4% (-22.0t07-2) 24116 (2113-6 t02760.7)  2597-8 (2161:5t03116:6)  7.7% (-3-8t019-2)
Andean Latin America  41:0 (37:0t045-9)  53-6 (44-6t064:0)  30-9% (8:5t0555) 12522 (1099-7t01437-6) 16943 (1420-8t02009:6)  35:3% (18-3t0 52.6)
Tropical Latin America 576 (53-8t0603) 518 (46-8t055:0)  -101% (-145to-61)  18761(1657-0t02117-8)  1780-8 (15317t02057-4)  -5:1% (-9-1to-1.4)
Southern Latin America ~ 40-2(375t0427)  392(355t0427)  -2:6% (-7-6t02:6) 1155-5(1023-0t013097) 13688 (11497t01629-4)  18:5% (10-6t0 26:1)

Data in parentheses are 95% uncertainty intervals. DALYs=disability-adjusted life-years.

Table: Age-standardised rates of deaths and DALYs due to type 1 and type 2 diabetes in adults (20 years or older) in the Americas in 1990 and 2019, and percentage changes from

1990 t0 2019
Role of the funding source was highest in Andean Latin America (30-9% [8-5-55-5];
The funder of this study had no role in study design, data  table), but in other regions, such as tropical Latin
collection, data analysis, data interpretation, or the America, the death rate had decreased by as much
writing of the report. The corresponding author had full  as 10-1% (6-1-14-5).
access to the data in the study and final responsibility for Type 2 diabetes caused 1874- 6 (95% UI1589-6-2210-7)
the decision to submit for publication. age-standardised DALYs per 100000 adults in 2019 in

the Americas, which is 29% higher than the burden
Results seen globally (14545 [1235-1-1714- 4]; table). From 1990
Burden of type 1 and type 2 diabetes to 2019, age-standardised DALYs in type 2 diabetes
In 2019, an estimated total of 409000 (95% UI increased by 27-4% (22-0-32-5; table) in the Americas.
373000-443000) adults aged 20 years or older in the Crude DALYs, which are not adjusted for population
Americas died from diabetes of both types, which ageing, rose 59-2% (52-8-65-5; appendix p 80). In
represented 5-9% of all deaths, and age-standardised 2019, regions with the highest mortality (Central Latin
DALYs had increased 26-2% (20-8-31-3) from 1990 America and the Caribbean) also presented the greatest
(appendix pp 77-79). Additionally, diabetes of both types  rates of DALYs. Similarly, regions with greatest increase
was responsible for 2266 (1930-2649) crude DALYs per in mortality over the period (Andean and Central Latin
100000 adults in the Americas. For type 2 diabetes, the ~America and high-income North America) also showed
age-standardised death rate in the Americas in 2019 was  the greatest increase in DALYs.
46-8 (42-8-50-5) per 100000 adults, which was For type 1 diabetes, the age-standardised death rate
25% higher than the global age-standardised death rate  was higher (3-3 [95% UI 2-6 to 4-2] per 100000 adults)
of 37-4 (34-3-40-3) per 100000 adults (table). The pattern  for the Americas than the world’s average (29 [2-4 to
was heterogeneous across regions: central Latin America  3-6] per 100000 adults), with a pattern of variation
and the Caribbean had the highest age-standardised across regions resembling that of type 2 diabetes (table).
death rates, and high-income North America had the From 1990 to 2019, the death rate increased in the
lowest. From 1990 to 2019, death rates increased by 19-0%  Americas by 13-5% (0-7 to 27-1), in contrast to
(12-3-26-2) in the Americas, in contrast to a global a decreasing global rate of —9-3% (-19-8 to 3-1; table).
average increase of 13-5% (6-9-20-5; table). Thisincrease  Increases occurred in the central Latin America,
658 www.thelancet.com/diabetes-endocrinology Vol 10 September 2022
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[ (-843t0-476) MM (42:6t0577)

[ (-4-76 to -0-256) M (577 to 125)

Caribbean and central America

Figure 1: Age-standardised DALY rate in 2019 and percentage change in DALY rate from 1990-2019 for type 1 and type 2 diabetes, both sexes

(A) Age-standardised type 2 diabetes DALY rate per 100 000 adults aged 20 years or older in 2019. (B) Percentage change in age-standardised type 2 diabetes DALY
rate, 1990-2019. (C) Age-standardised type 1 diabetes DALY rate per 100 000 adults aged 20 years or older in 2019. (D) Percentage change in age-standardised
type 1 diabetes DALY rate, 1990-2019. DALY=disability-adjusted life-year. *Aged 20 years or older.

high-income North America, and Andean Latin
American regions, with highest increase in central Latin
America. Death rates decreased in the remaining
regions. Age-standardised DALY rates per 100000 adults
due to type 1 disease in 2019 and trends over the
period were also higher in the Americas (161-1[130-9 to

www.thelancet.com/diabetes-endocrinology Vol 10 September 2022

191-6]) than globally (134-5 [110-6 to 159-7]; table).
Age-standardised DALYs due to type 1 disease were
highest in central Latin America and the Caribbean, and
the increase was greatest in central Latin America
(table). In the Americas, the age-standardised DALY rate
due to type 1 diabetes increased 13-5% (2-5 to 23-1),
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Southern
Latin America

Andean
Latin America

Central Latin
America

The Americas High-income Caribbean

North America

Tropical
Latin America
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DALY fraction (%)
%
)
1

25

Year Year Year

1990 2019 1990 2019 1990 2019 1990 2019 1990 2019 1990 2019 1990 2019
Year Year Year Year

[ YLDs type 1 diabetes I YLDs type 2 diabetes [ YLLs type 1 diabetes [l YLLs type 2 diabetes

Figure 2: Percentage of total all-age diabetes burden expressed as disability (YLDs) and premature mortality (YLLs) among regions of the Americas in 1990

and 2019, both sexes
YLDs=years lived with disability. YLLs=years of life lost. *“Aged 20 years or older.

and the all-ages DALY rate increased 21-4% (9-4 to
33.2; appendix p 80).

The highest age-standardised DALY rates for
type 2 diabetes burden in 2019 were in countries of
central Latin America and the Caribbean (figure 1A;
appendix p 81). The highest percentage changes
in age-standardised DALY rates of type 2 diabetes
from 1990 to 2019 were also generally seen in countries
of central Latin America and the Caribbean (figure 1B).
Of note, a few countries of other regions (Paraguay
and Ecuador) had large increases in the burden of
type 2 diabetes. Age-standardised type 1 diabetes DALY
rates across countries were less heterogeneous (figure 1C,
1D). Again, some countries of the central Latin America
and Caribbean regions had notably higher burden.
Increases over the period were seen for various countries,
notably Mexico, Guatemala, and Paraguay (appendix p 81).
Countries showing greatest decreases in type 1 burden
included Brazil, Colombia, and Cuba. Considering
type 1 and type 2 diabetes together, the greatest increases
in burden were in Guatemala (162-0 % [95% UI 119-4 to
215-1]) and EI Salvador (118-7% [79-7 to 163-9]), and the
largest decreases in Bermuda (-16-8% [-26-7 to —6-4])
and Trinidad and Tobago (-11-5% [-27-9 to 6-7];
appendix pp 78-79). The appendix (pp 78-79) presents
the change in age-standardised DALYs from 1990 to 2019
for all countries and regions. For the Americas,
92-6% of the diabetes burden was due to type 2 diabetes
(appendix pp 78-79).

Most of the diabetes burden in the Americas in 2019
derived from premature mortality, although the fraction
due to disability increased from 1990 to 2019 in all

regions, approaching 50% in most regions and reaching
59% in high-income North America (figure 2). In 2019,
the type 2 diabetes burden was almost equally divided
between premature death (YLLs) and disability (YLDs).
However, for type 1 diabetes, mortality produced
considerably more than 50% of the burden, except in
high-income North America (figure 2; appendix p 82).
From 1990 to 2019, age-standardised YLLs remained
stable or decreased in all regions except Andean and
central Latin America (appendix p 82). By contrast, age-
standardised YLDs progressively increased in all
regions, particularly in the Caribbean, as well as in
central Latin America and high-income North America
(appendix p 82).

Burden of high fasting plasma glucose

In 2019, 4401 (95% UI 3685-5265) crude DALYs per
100000 adults older than 25 years were due to high fasting
plasma glucose, the metric expressing the full burden of
the metabolic derangements of diabetes and lesser states
of hyperglycaemia (appendix p 83). About 57% of this
burden in the Americas was due to causes directly related
to both type 1 and type 2 diabetes (deaths; acute
decompensations, microvascular complications including
chronic kidney disease, and the burden of living with
diabetes; figure 3). The remaining 43% was due to
indirect causes, expressed by GBD 2019 as the burden of
hyperglycaemia (the majority of this being diabetes)
manifested through cardiovascular diseases, neoplasms,
neurological disorders (dementia), tuberculosis, and
additional sense organ diseases (cataract and glaucoma;
figure 3).
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The Americas High-income Caribbean
North America

6000 — — — —

4000 e e e

2000 1 1 1

All-age DALY rate (per 100000 adults*)

0 - - -

Central Latin

[ Sense organ diseases [ Tuberculosis [ Neurological disorders X1 Neoplasms [ Cardiovascular diseases [ Type 1 diabetes [ Type 2 diabetes

Southern
Latin America

Andean
Latin America

Tropical

America Latin America

Figure 3: All-age DALY rate due to high fasting plasma glucose in adults (older than 25 years) in the Americas by cause in 2019
The burden includes that resulting directly from diabetes (deaths; acute decompensations, microvascular complications including chronic kidney disease, and the
burden of living with diabetes) and indirectly from diabetes and lesser degrees of hyperglycaemia via the occurrence of outcomes in other disease groups.

DALY=disability-adjusted life-year. *Aged older than 25 years.

The level of burden was notably higher in the
Caribbean, central Latin America, and North America,
the three northern-most regions, and lower in Andean,
southern, and tropical Latin America, the southern-
most three regions.

Determinants of diabetes burden: SDI, HAQ Index, and
diabetes prevalence

The level of development of a country, assessed by
diabetes burden is shown in figure 4A. Age-standardised
DALY rates decreased 412 per 100 000 for each 10% increase
in SDI (p=0-054, r2=9-7%,; appendix p 84).

Access to and quality of health care was also associated
with diabetes burden (figure 4B). DALYs decreased 645 per
100000 with each 10% increase in the HAQ Index
(p<0-0001, r2=35-7%; appendix p 84). Overall diabetes
burden was highest for nations with HAQ Index values
of less than 60% (Haiti, Guyana, Guatemala, Suriname,
Belize, and several smaller Caribbean countries).
These associations were generally similar when only
type 1 diabetes burden was considered (appendix p 88).

Burden of diabetes was strongly associated with diabetes
prevalence (p<0-0001, 12=0-72; figure 4C). Countries with
highest prevalence and burden were concentrated in the
Caribbean and central Latin America.

Given this strong association between diabetes burden
and prevalence, we present findings on diabetes prevalence
across the region. Age-standardised prevalence for both
type 1and type 2 diabetes in the Americas was higher than
that seen globally in 2019. Type 2 diabetes prevalence in
Americas (10-4 [95% UI 9-6-11-1]) was 25% higher than
that seen globally (8-3 [7-6-9-1]) and ranged from 6-7%
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(6-1-7-3) in Andean Latin America to 13-4% (12-3-14-4)
in central Latin America. Type 1 diabetes prevalence in the
Americas (0-6 [0-5-0-7]) was 50% higher than global
prevalence (0-4 [0-3-0-5]). The pattern of type 1 diabetes
prevalence across regions differed considerably from that
of type 2 diabetes, being highest in high-income North
America (1-0%), mid-level in southern (0-5%) and
tropical (0-5%) Latin America, and lowest (0-2-0-3%) in
the remaining regions (appendix p 85).

From 1990 to 2019, the prevalence of type 2 diabetes
increased in the Americas by 45-2% (95% UI 42-5-48-4),
which was similar to the increase seen globally (48-9%
[47-0-50-6]). The increase was highest in southern Latin
America (79-8% [68-5-91-3]), Andean Latin America
(68-3% [61-7-75-1]), and high-income North America
(54-0% [48-1-60-8]). Regarding type 1 diabetes, a condi-
tion with much lower prevalence, the increase ranged
from 12-0% (4-2-19-4) to 45-9% (38-3-52-9) across
regions, compared with a 29-5% (24-6-34-8) increase
globally. These increases in prevalence were accom-
panied by increases in the incidence of both type 1 and
type 2 diabetes, 24.2% and 36-7%, respectively
(appendix p 87).

Determinants of diabetes burden: risk factors

As indicated by the PAF of burden (figure 5), the main
risk factor for type 2 diabetes was high BMI in 2019 in
the Americas, ranging from 55-8% (39-6-70-5) in the
Southern LA to 66-4% (51-3-78-1) in high income North
America. Dietary factors—particularly excess consump-
tion of red and processed meat and sweetened beverages,
and insufficient consumption of whole grains, fruits,
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fibre, and seeds and nuts—were second in importance,
responsible for 27-5% (23-1-31-6) of DALYs. Air
pollution and tobacco alternated as the next most
important factors in most regions, with low physical
activity being third in importance in tropical Latin
America (15-7% [9-0-22-8]) and fourth in high-income
North America (5-8% [2-4-10-6]; appendix p 87).

Although BMI was the most important risk factor for
type 2 diabetes burden in 2019, we found no correlation
between type 2 diabetes prevalence and the prevalence of
obesity in 2019 (r2=0-013 for men and 0-03 for women;
appendix p 90) or in 1990 (r2=0-05 for men and 0-055 for
women).

Discussion

The burden of diabetes in the Americas is large, hetero-
geneous, and increasing, especially for type 2 diabetes.
Several countries in central Latin America and the
Caribbean are particularly affected. Prevalence of diabetes
explained most of the variability in diabetes burden across
countries, with access to better quality health care and
sociodemographic development also being important
determinants. Well characterised risk factors for
type 2 diabetes—high BMI and dietary risks—were the
major determinants of type 2 diabetes burden. Although
mortality continued to constitute most of the diabetes
burden, the burden from disability had progressively
increased from 1990 to 2019.

The burden of diabetes for the Americas in 2019—5-9%
of all deaths and 2266 DALYs per 100000 adults directly
from diabetes and chronic kidney disease due to
diabetes, and approximately double that considering the
whole burden of high fasting plasma glucose—places
diabetes among the principal causes of loss of health
in the Americas. The burden was considerably higher in
the most affected regions of central Latin America and
the Caribbean. Our findings for the Americas parallel
the published GBD 2016 estimation that diabetes (when
also considering burden from chronic kidney disease
due to diabetes) will be, by 2040, the second leading
disease causing deaths in the low-income and middle-
income countries of Latin America and the Caribbean,”
and that high fasting plasma glucose is currently the
world’s third leading risk factor for disease burden.’

The current burden of diabetes and hyperglycaemia, as
fully expressed through high fasting plasma glucose and
without adjustment for age, is currently centred in the
northern three regions. The bulk of this burden (92-6%)
is due to type 2 diabetes, the prevalence of which
increased by 45-2% since 1990. Considering the tight

Figure 4: Correlation of the SDI (A), the HAQ Index (B), and prevalence of
diabetes (C) with the age-standardised DALY rate due to diabetes in the
Americas, 2019

DALY=disability-adjusted life-year. HAQ Index=Healthcare Access and Quality
Index. SDI=Socio-demographic Index. *Aged 20 years or older.
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Figure 5: Crude population attributable fraction of DALYs due to type 2 diabetes for the main risk factors for diabetes identified by GBD 2019, by region
Error bars indicate 95% uncertainty intervals. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study.

association of diabetes burden with its prevalence, the and southern (79-8%) Latin American regions indicates
fact that the greatest increases in prevalence were that the diabetes burden in the Americas is now
observed in currently lower-prevalence Andean (68-3%)  expanding.
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The scenario of high and increasing prevalence of both
diabetes types, especially type 2, observed in the
Americas is consistent with population-based, pooled
analyses of the NCD Risk Factor Collaboration showing
a rising prevalence in the Americas® and globally." The
epidemiological transition, which extends longevity, is in
high gear in low-income and middle-income countries,”
including most nations of the Americas. Population
ageing raised the 27-4% increase in the type 2 diabetes
age-standardised burden to a 59-2% increase in its crude
burden, demonstrating that the increase in true burden
is even larger. Because incidence is an important driver
of prevalence, it is particularly concerning that, in
contrast to the downturn in incidence in some high-
income countries since 2010, the regions of the
Americas show large increases in the incidence of
type 2 diabetes.

Similar to the findings of the NCD Risk Factor
Collaboration,* we found no association between the
prevalence of obesity and diabetes. We do not believe that
the lack of this ecological association means that obesity
does not affect diabetes development in the region.
First, the narrower range of national obesity prevalences
found across nations contrasts with the broad range of
BMIs seen across individuals in cohort studies. In fact,
when we examined this association globally, which
produced a wider range of obesity prevalence, the r2values
were slightly larger. Confounders such as poverty, early
life deprivation, and other diabetes risk factors could also
be at play.

The age-adjusted fraction of the overall diabetes
burden due to type 1 diabetes was small. Of note,
however, type 1 diabetes death and DALY rates in the
Americas increased at a rate greater than the global
average. The high prevalence of type 2 diabetes risk
factors such as smoking, dietary inadequacies, and
physical inactivity might explain part of this excess, as
these risk factors are also important prognostic factors
for type 1 diabetes.” Thus, population-based approaches
to reduce these risk factors are also relevant to control
the burden of type 1 diabetes.

Lesser socioeconomic development, as measured by the
SDI, most present in central Latin America and the
Caribbean, explained part of the difference in burden
across countries, suggesting that gain can be achieved by
further broad socioeconomic development. But the finding
also raises concern, as the less socioeconomically
developed countries expected to experience the largest
increases in burden from diabetes and its complications
will be those least prepared to deal with the consequences,
given their limited ability to increase spending on health,
and their health systems, which are ill prepared to
manage diabetes and its complications.” If these countries
cannot reduce burden, the resultant direct and indirect
costs of diabetes and other NCDs are estimated to be
of sufficient size to significantly decrease their rate of
economic growth.”*

Access to and quality of health care explained an
important part of the differences in burden across
countries in the Americas. Additionally, advances in
health care seem to have blunted the translation of
increased prevalence over time into increased premature
mortality (YLLs) in most regions. Expansion of national
health systems providing greater access to evidence-
based diabetes care, especially at the primary-care level,
could help to minimise the burden due to increasing
prevalence. WHO has provided protocols for minimal,
cost-effective interventions® that can help with organising
care in the most resource-constrained countries.

A special focus should be on decreasing the most
amenable cause of burden due to type 1 diabetes—deaths
from acute complications—through improved access
and quality of care in most countries. Policies aimed at
universal access to low-cost insulin and oral antidiabetic
medications, and to basic diabetes care are mandatory.
Additionally, as mortality declines, the number of older
individuals living with the multiple complications
common to long-standing diabetes will increase, and
cost-effective approaches to attending their needs will be
necessary.

Given the large role of type 2 diabetes prevalence in
causing burden, more attention to the primary prevention
of type 2 diabetes is of utmost importance. The deleterious
effects of the main type 2 diabetes risk factors here
addressed—excess weight, dietary risks, tobacco, physical
inactivity, and air pollution—are well documented in
systematic reviews of multiple cohort studies.””* Obesity,
documented in cohort studies to be the most important
driver, is increasing in all the regions of the Americas.®**
Dietary risks, second in importance, reflect dietary patterns
of insufficient consumption of foods shown to be protective
against diabetes, such as whole grains and fruits, coupled
with an excess consumption of deleterious foods, especially
red and processed meat and sweetened beverages.”” This
dietary profile has occurred in parallel with the growing
globalisation of the food industry. Food, while increasingly
available, is also increasingly different from its traditional
presentations, given the rising consumption of ultra-
processed foods, which are vectors of dietary risks.”” The
region of the Americas is the epicentre of this phenomenon.
Canada and the USA lead the world in annual retail sales
(kg per capita) of ultra-processed foods.” Sales over
2000-2013 increased around the world (3-1% per year in
Latin American countries), with sales of carbonated
beverages in Latin America exceeding those in North
America by 2013. Discounting high-income regions of the
world, Latin America was the region with highest per-
capita sales of ultra-processed foods in 2013.*

Low agency (ie, requiring little or no personal effort),
population-based interventions such as taxes and
incentives, combined with expanded health education to
combat diabetes risk factors, seem to offer the greatest
promise of success.?*” WHO'’s Best Buys® include several
examples of such actions. Policies aimed to decrease
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obesity and control dietary risks must be the major
focuses of such primary prevention programmes.
Greater actions to increase physical activity and decrease
smoking are also mandatory.

Legislation leading to stricter control of air pollution is
also necessary, as demonstrated by recent findings
showing air pollution to be a major diabetes risk factor.”
Additionally, multiple studies suggest that persistent
organic pollutants, which are proven endocrine
disruptors, increase the risk of diabetes.” If these findings
are confirmed and causative pathways elucidated, further
actions to expand control of pollutants are necessary.

Our study has limitations, many of which are inherent to
the GBD global approach. As shown in the appendix (p 75),
many locations in the Americas lack high-quality data,
leading to imprecision in results when they are calculated
based on data from other countries adjusted through
covariates, which is more often the case for type 1 diabetes
and for the assessment of non-fatal burden. Although our
focus on region, rather than country, reduces the effect of
sparse data, the frequently wide Uls we report indicate that
caution is necessary when interpreting comparisons
across countries. The addition of new and better-quality
data will be important to produce more reliable estimates
in the future. By making data adjustments for less specific
ICD codes, we try to take away changes over time that may
be due to improved diagnostic capabilities. However, all
data adjustments can lead to so-called measurement noise.
In GBD, we make a conscious choice to make use of as
many data sources as we can and accept the additional
noise from these adjustments as preferable to an approach
that would make use of a much more limited set of high-
quality data sources only. Although use of alternative case
definitions of diabetes, once adjusted, makes more data
available for analysis, the data adjustments could have
introduced measurement bias. Finally, as the GBD uses
the HAQ Index as a covariate to predict the fatal and non-
fatal burden of diabetes in countries with sparse data, the
association of this index with burden might be
overestimated.

Despite these limitations, the analyses of diabetes
burden for the Americas based on GBD data here
presented offer important information for policy making
in the region. More than 100 years after the discovery of
insulin, much remains to be done to ensure access to
quality diabetes care to prevent complications and
minimise disability. This is particularly relevant for many
countries in the Caribbean and central Latin America
because these two regions have the greatest burden of
diabetes in the Americas. A greater focus on population-
wide diabetes prevention is urgently needed, as screening
for intermediate hyperglycaemia and subsequent lifestyle
modification for these individuals at high risk, although
cost-effective, has little population impact. For example,
the early diagnosis and treatment strategy applied in the
UK was estimated to produce a relative decrease in the
long-term incidence of diabetes of less than 3-5%.%
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Thus, curtailing the diabetes epidemic, a major challenge
for the Americas, will require greater use of population-
based strategies, given their wide reach and low costs.
Ways to defuse the political controversy about the extent to
which government should regulate market activity in the
interest of public health and to constrain the economic
interests that block the implementation of these policies
must be developed.

Finally, the major gaps in data here identified highlight
the need for improved surveillance capacity, especially
with regard to the characterisation of type of diabetes and
to the assessment of non-fatal diabetes burden.
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