ANNEX

METHODS

The analytical strategy of GBD

The GBD approach contains 18 distinct components, as outlined in Figure A1. The
components of GBD are interconnected. For example, when new data is incorpo-
rated into the age-specific mortality rates analysis (component 2), other dependent
components must also be updated, such as rescaling deaths for each cause (compo-
nent 5), healthy life expectancy or HALE (component 12), YLLs (component 13), and
estimation of YLLs attributable to each risk factor (component 18). The inner work-
ings of key components are briefly described in this publication, and more detailed
descriptions of each component are included in the published articles.

Estimating age- and sex-specific mortality

Researchers identified sources of under-5 and adult mortality data from vital and
sample registration systems as well as from surveys that ask mothers about live
births and deaths of their children and ask people about siblings and their survival.
Researchers processed that data to address biases and estimated the probability
of death between ages 0 and 5 and ages 15 and 60 using statistical models. Finally,
researchers used these probability estimates as well as a model life table system to
estimate age-specific mortality rates by sex between 1970 and 2010.

Figure A1: The 18 components of GBD and their interrelations
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Estimating years lost due to premature death

Researchers compiled all available data on causes of death from 187 countries.
Information about causes of death was derived from vital registration systems,
mortality surveillance systems, censuses, surveys, hospital records, police records,
mortuaries, and verbal autopsies. Verbal autopsies are surveys that collect informa-
tion from individuals familiar with the deceased about the signs and symptoms the
person had prior to death. GBD 2010 researchers closely examined the complete-
ness of the data. For those countries where cause of death data were incomplete,
researchers used statistical techniques to compensate for the inherent biases. They
also standardized causes of death across different data sources by mapping differ-
ent versions of the International Classification of Diseases coding system to the GBD
cause list.

Next, researchers examined the accuracy of the data, scouring rows and rows of
data for “garbage codes.” Garbage codes are misclassifications of death in the data,
and researchers identified thousands of them. Some garbage codes are instances
when we know the cause listed cannot possibly lead to death. Examples found in
records include “abdominal rigidity,” “senility,” and “yellow nail syndrome.” To
correct these, researchers drew on evidence from medical literature, expert judg-
ment, and statistical techniques to reassign each of these to more probable causes
of death.

After addressing data-quality issues, researchers used a variety of statistical models
to determine the number of deaths from each cause. This approach, named CODEm

Figure A2: Leading causes of death and premature death in Latin America and Caribbean, 2010
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(Cause of Death Ensemble modeling), was designed based on statistical techniques
called “ensemble modeling.” Ensemble modeling was made famous by the recipi-
ents of the Netflix Prize in 2009, BellKor’s Pragmatic Chaos, who engineered the best
algorithm to predict how much a person would like a film, taking into account their
movie preferences.

To ensure that the number of deaths from each cause does not exceed the total
number of deaths estimated in a separate GBD demographic analysis, researchers
apply a correction technique named CoDCorrect. This technique makes certain that
estimates of the number of deaths from each cause do not add up to more than
100% of deaths in a given year.

After producing estimates of the number of deaths from each of the 235 fatal
outcomes included in the GBD cause list, researchers then calculated years of life
lost to premature death, or YLLs. For every death from a particular cause, research-
ers estimated the number of years lost based on the highest life expectancy in the
deceased’s age group. For example, if a 20-year-old male died in a car accident in
Brazil in 2010, he has 66 years of life lost, which is the highest remaining life expec-
tancy in 20 year olds, as experienced by 20-year-old females in Japan.

When comparing rankings of the leading causes of death versus YLLs, YLLs place
more weight on the causes of death that occur in younger age groups, as shown in
Figure A2. For example, road injury represents a greater percentage of total YLLs
than total deaths since it is a leading killer of young men. Ischemic heart disease,
by contrast, accounts for a smaller percentage of total YLLs than total deaths as it
primarily kills older people.

Estimating years lived with disability

Researchers estimated the prevalence of each sequela using different sources

of data, including government reports of cases of infectious diseases, data from
population-based disease registries for conditions such as cancers and chronic
kidney diseases, antenatal clinic data, hospital discharge data, data from outpatient
facilities, interview questions, and direct measurements of hearing, vision, and lung
function testing from surveys and other sources.

Confronted with the challenge of data gaps in many regions and for numerous
types of sequelae, they developed a statistical modeling tool named DisMod-MR
(Disease Modeling — Metaregression) to estimate prevalence using available data
on incidence, prevalence, remission, duration, and extra risk of mortality due to the
disease.

Researchers estimated disability weights using data collected from almost 14,000
respondents via household surveys in Bangladesh, Indonesia, Peru, Tanzania, and
the United States. Disability weights measure the severity of different sequelae that
result from disease and injury. Data were also used from an Internet survey of more
than 16,000 people. GBD researchers presented different lay definitions of sequelae
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grouped into 220 unique health states to survey respondents, and respondents were
then asked to rate the severity of the different health states. The results were similar
across all surveys despite cultural and socioeconomic differences. Respondents
consistently placed health states such as mild hearing loss and long-term treated
fractures at the low end of the severity scale, while they ranked acute schizophrenia
and severe multiple sclerosis as very severe.

Finally, years lived with disability, or YLDs, are calculated as prevalence of a sequela
multiplied by the disability weight for that sequela. The number of years lived with
disability for a specific disease or injury are calculated as the sum of the YLDs from
each sequela arising from that cause.

Estimating disability-adjusted life years

DALYs are calculated by adding together YLLs and YLDs. Figure A3 compares the 10
leading diseases and injuries calculated as percentages of both deaths and DALYs
in Latin America and the Caribbean. This figure also shows the top 10 risk factors at-
tributable to deaths and DALYs worldwide. It illustrates how a decision-maker look-
ing only at the top 10 causes of death would fail to see the importance of low back
pain, for example, which was a leading cause of DALYs in 2010. DALYs are a power-
ful tool for priority setting as they measure disease burden from non-fatal as well

as fatal conditions. Yet another reason why top causes of DALYs differ from leading
causes of death is that DALYs give more weight to death in younger ages, as illus-
trated by the case of preterm birth complications. In contrast, stroke causes a much
larger percentage of total deaths than DALYs as it primarily impacts older people.

Estimating DALYs attributable to risk factors

To estimate the number of healthy years lost, or DALYs, attributable to potentially
avoidable risk factors, researchers collected detailed data on exposure to different
risk factors. The study used data from sources such as satellite data on air pollu-
tion, breastfeeding data from population surveys, and blood and bone lead levels
from medical examination surveys and epidemiological surveys. Researchers then
collected data on the effects of risk factors on disease outcomes through systematic
reviews of epidemiological studies.

All risk factors analyzed met common criteria in four areas:

1. The likely importance of a risk factor for policymaking or disease burden.
2. Availability of sufficient data to estimate exposure to a particular risk factor.

3. Rigorous scientific evidence that specific risk factors cause certain diseases
and injuries.

4. Scientific findings about the effects of different risk factors that are relevant for
the general population.
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To calculate the number of DALYs attributable to different risk factors, research-

ers compared the disease burden in a group exposed to a risk factor to the disease
burden in a group that had zero exposure to that risk factor. When subjects with zero
exposure were impossible to find, as in the case of high blood pressure, for ex-
ample, researchers established a level of minimum exposure that leads to the best
health outcomes.

Figure A3: The 10 leading diseases and injuries and 10 leading risk factors based on
percentage of deaths and DALYs in Latin America and Caribbean, 2010
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Table A1: Age-standardized death rates, years of life lost, and years lived with disability, and life

expectancy at birth and healthy life expectancy at birth for 1990 and 2010 for both sexes combined

Country

Age-standardized death rate (per 100,000)

Age-standardized YLL rate (per 100,000)

Antigua and Barbuda
Argentina
Belize
Bolivia
Brazil
Chile
Colombia
Costa Rica
Cuba
Dominica
Dominican Republic
Ecuador

El Salvador
Grenada
Guatemala
Guyana
Haiti
Honduras
Jamaica
Mexico
Nicaragua
Panama
Paraguay
Peru

Saint Lucia

Saint Vincent and the
Grenadines

Suriname
Uruguay

Venezuela

1990

Rate

728
(688-755)
731
(725-736)
765
(744-788)
1,136
(1,087-1,188)
854
(846-863)
760
(752-767)
760
(744-777)
556
(547-561)
635
(628-639)
831
(791-862)
765
(744-784)
700
(690-710)
809
(796-821)
904
(864-931)
1,061
(1,045-1,081)
1,199
(1,168-1,226)
1,117
(1,662-1,780)
869
(824-905)
676
(655-692)
740
(732-749)
762
(740-787)
634
(612-653)
682
(662-704)
803
(772-830)
891
(855-917)
890
(851-918)
922
(891-945)
731
(722-737)

716
(710-723)

Rank

8
(6-11)

9
(8-10)

15
(12-16)

27
(27-27)

20
(19-22)

13
(12-16)

12
(12-16)

1
(1-1)

3
(2-3)

19
(17-20)

16
(12-16)

6
(5-7)

18
(17-19)

24
(22-25)

26
(26-26)

28
(28-28)

29
(29-29)

21
(20-22)

4
(4-5)

n
(10-12)

14
(12-16)

2
(2-3)

5
(4-6)

17
(17-19)

23
(21-24)

22
(21-24)

25
(24-25)

10
(8-10)

7
(7-8)

2010
Rate

593
(553-626)
597
(593-602)
805
(755-840)
751
(685-816)
670
(665-674)
490
(482-500)
617
(596-650)
462
(458-468)
543
(539-550)
669
(633-698)
683
(647-707)
522
(503-537)
661
(648-673)
850
(801-881)
787
(768-800)
1,124
(1,029-1,204)
3,321
(2,404-5,352)
784
(674-886)
610
(546-675)
604
(599-609)
652
(627-674)
545
(517-572)
725
(680-755)
551
(525-586)
722
(674-765)
753
(715-781)
693
(657-723)
585
(576-597)

630
(609-650)

Rank
9
(6-12)

(8-10)

26
(24-26)

22
(20-25)

17
(15-19)

(2-2)

12
(9-13)

1
(1-1)

4
(4-6)
16
(13-19)

18
(15-19)

3
(3-4)

15
(14-17)

27
(26-27)

25
(23-26)

28
(28-28)

29
(29-29)

24
(20-27)

n
(6-16)

10
(9-12)

14
(13-16)

5
(4-6)

21
(19-22)

6
(4-7)

20
(18-24)

23
(21-24)

19
(17-20)

7
(7-9)

13
(11-14)

1990

Rate

19,168
(17,688-20,207)

19,400
(19,003-19,767)

20,556
(19,736-21,501)

41,077
(38,858-43,587)

26,370
(25,718-27,152)

18,210
(17,880-18,511)

23,157
(22,513-23,791)

13,705
(13,321-14,011)

15,919
(15,589-16,144)
24,475
(22,878-25,789)

23,701
(22,900-24,580)

22,420
(21,787-23,068)

26,931
(25,998-27,888)

25,983
(24,460-27,214)

36,242
(35,061-37,857)

35,469
(34,461-36,558)

61,823
(59,254-64,644)

26,454
(25,019-27,652)

18,618
(17,687-19,484)

22,775
(22,171-23,502)

25,101
(24,193-26,213)

16,812
(16,180-17,495)

18,868
(18,201-19,603)

27,953
(26,604-29,275)

25,875
(24,517-27,048)

26,567
(25,188-27,741)

27,022
(25,994-28,010)

18,332
(17,966-18,632)
19,688
(19,256-20,199)

Rank

8
(4-10)

9
(7-10)

n
(10-11)

28
(28-28)

20
(18-24)

4
(4-6)

14
(13-15)

1
(1-1)

2
(2-2)

16
(14-17)

15
(14-16)

12
(12-13)

23
(19-25)

19
(17-23)

27
(26-27)

26
(26-27)

29
(29-29)

21
(18-24)

6
(4-8)

13
(12-15)

17
(16-21)

3
(3-3)

7
(5-9)

25
(23-25)

18
(17-22)

22
(18-24)

24
(20-25)

5
(4-7)

10
(8-10)

2010
Rate

13,919
(12,685-14,906)
14,343
(14,163-14,574)
21,887
(20,335-22,992)
23,965
(21,599-26,251)
17,580
(17,240-17,932)
11,136
(10,920-11,448)
16,372
(15,704-17,370)
10,447
(10,266-10,723)
11,088
(10,949-11,312)
19,240
(17,857-20,438)
18,385
(17,220-19,211)
14,956
(14,197-15,576)
18,474
(17,953-19,050)
21,313
(20,003-22,093)
24,337
(23,537-25,018)
31,305
(28,306-34,444)
137,295
(92,238-242,719)
20,507
(17,522-23,158)
16,417
(14,769-18,115)
15,658
(15,365-15,976)
16,911
(16,141-17,602)
14,027
(13,274-14,832)
18,059
(16,871-18,867)
14,679
(13,854-15,802)
17,785
(16,657-18,882)
20,602
(19,344-21,589)
20,892
(19,769-21,856)
13,126
(12,874-13,473)

17,21
(16,542-17,901)

Rank
(4-8)

(5-8)

25
(24-25)

26
(26-27)

15
(13-18)

(2-3)

n
(11-14)

1
(1-1)

2
(2-3)

20
(18-21)

18
(16-20)

(7-10)

19
(16-21)

24
(22-25)

21
(26-27)

28
(28-28)

29
(29-29)

21
(18-25)

12
(9-16)

10
(9-11)

13
(11-15)

(5-8)

17
(14-19)

(5-10)

16
(13-19)

22
(21-24)

23
(21-25)

4
(4-5)
1
(12-16)
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Age-standardized YLD rate (per 100,000) Life expectancy at birth Health-adjusted life expectancy at birth
1990 2010 1990 2010 1990 2010
Rate Rank Rate Rank LE Rank LE Rank HALE Rank HALE Rank
12,425 15 13,535 26 73.1 6 76.5 7 62.7 10 64.3 12
(10,114-14,947) (5-26) (11,001-16,340) (17-28) (72.2-73.9) (4-10) (75.3-77.8) (4-11) (60.4-64.7) (4-12) (61.6-66.8) (9-18)
11,154 4 10,843 4 725 10 76.0 g 63.1 7 66.1 7
(9,280-13,517) (2-13) (8,885-13,183) (2-14) (72.5-72.6) (8-11) (75.9-76.0) (7-10) (61.2-64.7) (3-11) (64.0-67.9) (4-10)
12,951 22 13,377 25 720 n n2 24 61.2 13 60.2 27
(10,597-15,751) (9-28) (10,984-16,145) (17-28) (71.4-72.7) (9-13) (70.2-72.3) (22-27) (58.9-63.2) (11-16) (57.9-62.5) (22-27)
13,140 25 12,020 15 62.3 28 70.7 26 53.2 28 60.8 25
(10,762-15,753) (12-28) (9,912-14,691) (7-23) (61.2-63.3) (28-28) (68.9-72.6) (21-27) (51.2-55.0) (28-28) (58.2-63.1) (19-27)
12,016 8 11,637 9 69.1 19 741 16 59.6 18 64.0 13
(9,914-14,293) (6-17) (9,670-13,849) (6-17) (68.9-69.3) (19-23) (73.9-74.3) (14-19) (57.8-61.3) (16-20) (62.0-65.7) (12-16)
11,185 3 10,407 2 729 8 785 2 63.4 5 68.6 2
(9,275-13,408) (2-10) (8,562-12,391) (2-8) (72.8-73.0) (6-8) (78.3-78.8) (2-2) (61.5-65.1) (3-10) (66.7-70.4) (1-2)
12,110 10 11,643 10 i 14 75.0 12 61.1 14 64.7 n
(10,117-14,453) (5-21) (9,671-13,882) (6-17) (70.6-71.4)  (13-16) (74.1-75.9) (9-16) (59.2-62.8)  (12-16) (62.6-66.6) (9-15)
11,672 6 10,948 5 76.6 1 794 1 66.0 1 68.9 1
(9,509-14,109) (2-20) (8,973-13,312) (2-15) (76.5-76.9) (1-1) (79.3-79.6) (1-1) (63.7-68.0) (1-1) (66.5-70.7) (1-2)
11,765 7 12,791 19 748 2 719 3 64.6 2 66.1 8
(9,701-14,144) (3-17) (10,606-15,454) (14-26) (74.8-74.9) (2-3) (77.8-78.0) (3-4) (62.5-66.4) (2-3) (63.7-68.1) (4-10)
12,486 17 13,022 22 70.3 16 73.8 17 60.2 16 62.4 19
(10,211-15,200) (6-27) (10,598-15,773) (14-27) (69.5-71.1) (14-18) (72.6-74.9) (12-21) (57.9-62.1) (13-20) (60.0-64.6) (16-23)
12,154 " 12,232 17 70.8 15 13.7 19 60.8 15 63.1 17
(10,079-14,515) (5-23) (10,027-14,893) (9-23) (70.3-71.3) (14-17) (72.8-74.7) (12-21) (58.8-62.6) (12-17) (60.7-65.1) (13-20)
12,265 13 11,404 8 72.0 12 71.0 4 61.6 12 66.4 6
(10,092-14,749) (6-24) (9,398-13,802) (4-16) (71.7-72.2) (11-12) (76.3-77.8) (4-8) (59.5-63.4) (11-15) (64.2-68.4) (3-9)
12,585 18 11,781 13 69.6 18 74.2 15 59.4 19 63.9 15
(10,404-15,075) (6-27) (9,628-14,217) (5-22) (69.4-69.8) (17-19) (73.8-74.6) (13-18) (57.3-61.2) (16-24) (61.7-65.7) (11-18)
13,149 24 13,076 24 68.9 23 7.0 25 58.7 20 60.5 26
(10,849-15,692) (11-28) (10,621-15,932) (15-27) (68.1-69.6) (18-25) (70.1-71.8) (23-27) (56.8-60.7) (17-25) (58.1-62.6) (21-27)
12,800 20 11,705 12 64.5 26 705 27 55.2 26 61.0 24
(10,661-15,434) (11-27) (9,739-13,977) (6-18) (64.3-64.6) (26-27) (70.1-70.9) (25-27) (53.3-56.8) (26-27) (59.1-62.5) (20-27)
13,663 28 14,024 27 64.1 27 66.0 28 54.6 27 55.9 28
(11,198-16,537) (18-29) (11,510-17,112) (21-28) (63.4-64.8) (26-27) (64.1-67.9) (28-28) (52.5-56.6) (26-27) (53.3-58.3) (28-28)
15,059 29 16,428 29 54.1 29 38.0 29 45.7 29 324 29
(12,201-18,249) (27-29) (13,131-19,964) (29-29) (53.2-55.0) (29-29) (26.0-45.9) (29-29) (43.9-47.4) (29-29) (22.4-38.8) (29-29)
12,940 23 12,485 18 68.9 21 79 23 58.7 21 61.6 22
(10,740-15,593) (10-28) (10,455-14,904) (11-26) (68.1-69.6) (18-25) (69.2-74.4) (14-27) (56.7-60.5) (18-25) (58.8-64.3) (15-27)
12,075 9 12,909 20 736 4 754 n 63.2 6 63.8 16
(9,895-14,594) (3-23) (10,470-15,647) (13-27) (72.9-74.3) (3-7) (72.8-71.7) (4-21) (61.1-65.2) (3-11) (60.8-66.6) (9-21)
10,092 1 ,364 1 7.5 13 755 10 62.9 8 66.9 3
(8,414-12,094) (1-1) (7,762-11,245) (1-1) (71.2-71.9) (12-14) (75.2-75.7) (9-12) (61.1-64.4) (5-11) (65.2-68.4) (3-6)
12,459 16 11,835 14 703 17 74.4 14 60.0 17 64.0 14
(10,173-15,019) (5-27) (9,676-14,369) (5-22) (69.8-70.8) (15-17) (73.7-75.0) (12-18) (57.9-61.9) (14-21) (61.6-65.9) (10-18)
12,186 12 11,151 7 745 3 76.7 5 63.8 3 66.5 5
(10,066-14,758) (4-25) (9,167-13,447) (2-16) (73.9-75.1) (2-4) (75.8-77.6) (4-9) (61.6-65.7) (2-9) (64.1-68.4) (3-9)
12,337 14 12,006 16 73.2 5 73.2 20 62.6 n 62.9 18
(10,187-14,701) (6-26) (9,966-14,443) (8-22) (72.8-73.6) (4-8) (72.4-74.1) (17-22) (60.5-64.5) (6-12) (60.7-64.7) (15-21)
12,854 21 11,692 n 68.9 22 76.4 8 58.6 24 65.7 9
(10,540-15,507) (10-28) (9,610-13,997) (5-21) (68.3-69.4) (19-25) (75.4-77.4) (4-11) (56.5-60.5) (19-25) (63.5-67.8) (4-12)
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CHANGES IN LEADING CAUSES OF DALYS BETWEEN 1990 AND
2010 FOR COUNTRIES IN LATIN AMERICA AND CARIBBEAN

In the following figures, pointed arrows indicate causes that have increased by a
greater amount than shown on the x-axis. For more country data, explore IHME's
data visualization tools online: www.ihmeuw.org/GBDcountryviz.

Shifts in leading causes of DALYs in Antigua and Barbuda, 1990-2010

% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in Argentina, 1990-2010

% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in Belize, 1990-2010
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Shifts in leading causes of DALYs in Bolivia, 1990-2010

% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in Brazil, 1990-2010
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Shifts in leading causes of DALYs in Chile, 1990-2010

% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in Colombia, 1990-2010

% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in Costa Rica, 1990-2010
% change in total DALYs, 1990 - 2010

80 100 160 180 200

120 140

-60 -40 -20

ISCHEMIC HEART DISEASE

MAJOR DEPRESSIVE DISORDER
LOW BACK PAIN

ROAD INJURY

ASTHMA
OTHER MUSCULOSKELETAI

CONGENITAL ANOMALIES
NECK PAIN

INTERPERSONAL VIOLENCE

STROKE
CHRONIC KIDNEY DISEASE

ANXIETY DISORDERS
CIRRHOSIS

EPILEPSY

SELF-HARM

PRETERM BIRTH COMPLICATIONS
DRUG USE DISORDERS

LOWER RESPIRATORY INFECTIONS
DIABETES

Shifts in leading causes of DALYs in Cuba, 1990-2010
% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in Dominica, 1990-2010

% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in Dominican Republic, 1990-2010
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Shifts in leading causes of DALYs in Ecuador, 1990-2010

% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in El Salvador, 1990-2010

% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in Grenada, 1990-2010

% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in Guatemala, 1990-2010

% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in Guyana, 1990-2010

% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in Haiti, 1990-2010
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Shifts in leading causes of DALYs in Honduras, 1990-2010

% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in Jamaica, 1990-2010

% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in Mexico, 1990-2010

% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in Nicaragua, 1990-2010
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Shifts in leading causes of DALYs in Panama, 1990-2010

% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in Paraguay, 1990-2010

% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in Peru, 1990-2010

% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in Saint Lucia, 1990-2010
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Shifts in leading causes of DALYs in Saint Vincent and the Grenadines, 1990-2010
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Shifts in leading causes of DALYs in Suriname, 1990-2010
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Shifts in leading causes of DALYs in Uruguay, 1990-2010

% change in total DALYs, 1990 - 2010
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Shifts in leading causes of DALYs in Venezuela, 1990-2010

% change in total DALYs, 1990 - 2010
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