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Supplementary Material (Appendix) for: Global, regional, and national 
burden of diseases and injuries for adults 70 years and older: systematic 
analysis for the Global Burden of Disease 2019 Study 
 
This appendix provides specific methodological detail, supplemental figures, and more detailed results for 
“Global, regional, and national burden of diseases and injuries for adults 70 years and  older: systematic 
analysis for the Global Burden of Disease 2019 Study.” 
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Global Burden of Disease overview 

GATHER statement 

This study is in compliance with the Guidelines for Accurate and Transparent Health Estimates Reporting 
(GATHER) statement. The GBD 2019 capstone papers1–3 and their respective  supplementary documents 
contain the general methods, data sources, model selection information, performance and limitation 
information for the GBD 2019 analyses including detailed GATHER documentation. Supplementary table 1 
contains GATHER compliance information for this publication. 

GBD cause list and location hierarchy 

The GBD cause list can be found in the supplementary table 2, consisting of a hierarchy that is mutually 
exclusive and collectively exhaustive. The GBD location hierarchy, including levels, for GBD superregions, 
regions, countries and sub-country analysis is presented in supplementary table 3. Details on the overall 
GBD 1990–2019 cause list have been documented and can be found elsewhere1,3. This paper uses the 
same cause list in the population  aged 70 years and older. 

Socio-demographic Index (SDI) 

The Socio-demographic Index (SDI) is a composite indicator of development status initially constructed  for 
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GBD 2015 whose components are strongly correlated with health outcomes. SDI in GBD 2019 
incorporated changes that replaced the total fertility rate (TRF) compoment with the total fertility rate 
(TFU25) in females under the age of 25 years from previous GBD cycles. Specific SDI methodology 
information is described elsewhere.4 

Data sources 

A complete list of sources used in the GBD 2019 analyses is available from the GBD 2019 Data Input 
Sources Tool (http://ghdx.healthdata.org/gbd-2019/data-input-sources). 

Mortality and death cause-specific estimation process for those over 70 years old 

Mortality and death cause estimates for the population aged 70 years and older had followed the 
standard procedure methodology of GBD 2019 and were generated using Cause of Death Ensemble 
modelling (CODEm). The CODEm approach has been described elsewhere1,3. 

The cause of death (CoD) database contains seven types of data sources: vital registration (VR), verbal 
autopsy (VA), cancer registry (CR), police records, sibling history, surveillance, and survey/census. When 
all the types of data are collected in various formats, then the input data are standardised to run through 
central CoD machinery to then to be uploaded to the database. A specific tool has been developed 
through GBD called age-sex splitting, that takes aggregated age groups, and likewise the “both sexes 
combined” grouping, and divides them into what their constituent age groups would likely have been 
using respective cause-specific and country- specific age distributions. This allows the GBD study to 
include age categories from early neonatal (0-6 days) to the age group of 95 years and older. This 
calculation formula is described  in detailed elsewhere.1,3 

For certain causes of death, mortality rates reported in vital registration systems are impossible to 
reconcile with observed trends in disease prevalence and excess mortality. These include dementia, 
Parkinson’s disease, and atrial fibrillation and flutter. It is well known that dementias and Parkinson’s 
disease are highly prevalent in the older population, starting mildy even from the age of 70.5,1 GBD 2017 
as well as 2019 made an effort to calculate the known bias regarding these causes of death data by 
detecting the proportion of deaths that had to be assigned to these causes, and after that, to assess the 
GBD causes and garbage codes to which these kind of deaths were inaccurately assigned. As described in 
the past GBD methodologies (GBD 2017 and 2015),1,6 the aforementioned causes of death were 
processed in CODCorrect in a manner that inappropriately led to changes in mortality estimates for 
causes that were not related to dementia, Parkinson’s, and atrial fibrillation and flutter. In GBD 2016, a 
huge literature review7 was applied to assess the causes of death mostly related to Parkinson’s and 
Alzheimer’s diseases, helping in further CodCorrect adjustments, while in GBD 2017 and 2019 a more 
refined process, even further limiting bias, was used.1,5 The current study, by applying this miscoding 
correction for the aforementioned diseases, is calibrating the mortality rates for those 70 years and older 
with the minimum possible bias. 

Non-fatal modelling methods for those 70 years and older 

Non-fatal estimates for the population aged 70 years and older were modelled using the DisMod- MR 2.1 
tool. Morbidity modelling methods used in the same manner as described in detail in the GBD 2019 
methodology have been documented elsewhere.2,8 

A group of behavioural, environmental and occupational, and metabolic risks that contribute to disease 
burden were evaluated in GBD 2019. The same group of risk factors was used in the current analysis to 
identify those that are closely related to the ageing population. The methodology regarding risk factor 
estimation and evaluation is described in detail elsewhere.2,4 

http://ghdx.healthdata.org/gbd-2019/data-input-sources)
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 Healthcare Access and Quality (HAQ) Index 

The HAQ Index in GBD 2016 used 32 causes for which death should not occur in the presence of effective 
care to approximate personal health-care access and quality by location and over time. A risk-
standardised cause-specific death methodology due to non-cancers by location-year, replaced the local 
combined exposure of environmental and behavioural risks with the global level of exposure applied, to 
isolate potential effects of personal health-care access and quality from underlying risk factor patterns. 
Each cause transformed to a scale of 0–100, with 0 as the first percentile (worst) observed between 1990 
and 2016, and 100 as the 99th percentile (best); these thresholds were set at the country level, and then 
applied to subnational locations. The rest of the HAQ Index methodology is described in detail 
elsewhere.9 
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Figure S1. Global population change by age group for both sexes combined (top panel), 
population percentage change during the same period (upper middle panel), rate of change 
in years lived with disability (YLDs; lower middle panel), and rate of change in All-cause 
mortality (bottom panel) between 1990 and 2019 in Low Socio- demographic Index (SDI) 
regions. 
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Figure S2. Global population change by age group for both sexes combined (top panel), 
population percentage change during the same period (upper middle panel), rate of change 
in years lived with disability (YLDs; lower middle panel), and rate of change in All-cause 
mortality (bottom panel) between 1990 and 2019 in Low-middle Socio-demographic Index 
(SDI) regions. 
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Figure S3. Global population change by age group for both sexes combined (top panel), 
population percentage change during the same period (upper middle panel), rate of change 
in years lived with disability (YLDs; lower middle panel), and rate of change in All-cause 
mortality (bottom panel) between 1990 and 2019 in Middle Socio-demographic Index (SDI) 
regions. 
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Figure S4. Global population change by age group for both sexes combined (top panel), 
population percentage change during the same period (upper middle panel), rate of change 
in years lived with disability (YLDs; lower middle panel), and rate of change in All-cause 
mortality (bottom panel) between 1990 and 2019 in High-middle Socio-demographic Index 
(SDI) regions. 
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Figure S5. Global population change by age group for both sexes combined (top panel), 
population percentage change during the same period (upper middle panel), rate of change 
in years lived with disability (YLDs; lower middle panel), and rate of change in All-cause 
mortality (bottom panel) between 1990 and 2019 in High Socio- demographic Index (SDI) 
regions. 
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Figure S6. Global population change by age group for both sexes combined (top panel), 
population percentage change during the same period (upper middle panel), rate of change 
in years lived with disability (YLDs; lower middle panel), and rate of change in All-cause 
mortality (bottom panel) between 1990 and 2019 in the Central Europe, Eastern Europe and 
Central Asia GBD super-region. 
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Figure S7. Global population change by age group for both sexes combined (top panel), 
population percentage change during the same period (upper middle panel), rate of change 
in years lived with disability (YLDs; lower middle panel), and rate of change in All-cause 
mortality (bottom panel) between 1990 and 2019 in the High- income GBD super-region. 
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Figure S8. Global population change by age group for both sexes combined (top panel), 
population percentage change during the same period (upper middle panel), rate of change 
in years lived with disability (YLDs; lower middle panel), and rate of change in All-cause 
mortality (bottom panel) between 1990 and 2019 in the Latin America and Caribbean GBD 
super-region. 
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Figure S9. Global population change by age group for both sexes combined (top panel), 
population percentage change during the same period (upper middle panel), rate of change 
in years lived with disability (YLDs; lower middle panel), and rate of change in All-cause 
mortality (bottom panel) between 1990 and 2019 in the North Africa and Middle East super-
region. 
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Figure S10. Global population change by age group for both sexes combined (top panel), 
population percentage change during the same period (upper middle panel), rate of change 
in years lived with disability (YLDs; lower middle panel), and rate of change in All-cause 
mortality (bottom panel) between 1990 and 2019 in the South Asia GBD super-region. 
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Figure S11. Global population change by age group for both sexes combined (top panel), 
population percentage change during the same period (upper middle panel), rate of change 
in years lived with disability (YLDs; lower middle panel), and rate of change in All-cause 
mortality (bottom panel) between 1990 and 2019 in the Southeast Asia, East Asia and 
Oceania GBD super-region. 
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Figure S12. Global population change by age group for both sexes combined (top panel), 
population percentage change during the same period (upper middle panel), rate of change 
in years lived with disability (YLDs; lower middle panel), and rate of change in All-cause 
mortality (bottom panel) between 1990 and 2019 in the Sub-Saharan Africa GBD super-
region 
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Figure S13. Life expectancy at 70+ (LE-70), healthy life expectancy at 70+ (HALE-70), and proportion of life- years spent in ill 
health (PYIH-70) at age 70+ GBD by super-region between 1990 and 2019, in males. 
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Figure S14. Life expectancy at 70+ (LE-70), healthy life expectancy at 70+ (HALE-70), and proportion of life- years spent in ill 
health (PYIH-70) at age 70+ GBD by super-region between 1990 and 2019, in females. 
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Figure S15. Life expectancy (LE-70), healthy life expectancy (HALE-70) and proportion of life-years spent in ill health at age 70+ 
(PYIH-70) versus Socio-demographic Index (SDI) and Healthcare Access and Quality (HAQ) Index in 2019, in males. 
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Figure S16. Life expectancy (LE-70), healthy life expectancy (HALE-70) and proportion of life-years spent in ill health at age 70+ 
(PYIH-70) versus Socio-demographic Index (SDI) and Healthcare Access and Quality (HAQ) Index in 2019, in females. 
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Figure S17. Decomposition of the probability of death, for all GBD locations, for the population 
aged 70to 90 years old, from 1990 to 2019, in both sexes.  
Both sexes refer to combined estimates for males and females. Probability of death between 70 
and 90 years of age (denoted using standard demographer notation as 20q70, the probability ‘q’ 
of death for a period of 20 years starting at age 70)  is plotted globally and by Global Burden of 
Disease super-region and region for 1990 (dashed vertical line) and 2019 (solid vertical line). The 
relative contribution of that change due to different causes is indicated by different coloured 
bars. All causes to the right of the dashed line increased from 1990 to 2019 and all those to the 
left decreased over the same time period. As can be seen at the global level, the probability of 
death for those 70 to 90 years decreased mainly due to cardiovascular diseases, chronic 
respiratory diseases, respiratory infections and tuberculosis and enteric infections (-13.6%  in 
aggregate), while probability of death increased owing to increases in neoplasms, neurological 
disorders, and diabetes and kidney diseases (+4.3% in aggregate). COLOR LEGEND: 

 
 

 

 



51  

 



52  

Figure S18. Decomposition of the probability of death, for all GBD locations, for the 
population aged 70 to 90 years old, from 1990 to 2019, in males 
Probability of death between 70 and 90 years of age (denoted using standard demographer 
notation as 20q70, the probability ‘q’ of death for a period of 20 years starting at age 70)   is 
plotted globally and by Global Burden of Disease super-region and region for 1990 (dashed 
vertical line) and 2019 (solid vertical line). The relative contribution of that change due to 
different causes is indicated by different coloured bars. All causes to the right of the dashed line 
increased from 1990 to 2019 and all those to the left decreased over the same time period. As 
can be seen at the global level, the probability of death for the males 70 to 90 years decreased 
mainly due to cardiovascular diseases, chronic respiratory diseases, respiratory infections and 
tuberculosis and enteric infections (-12.7%  in aggregate), while probability of death increased 
owing to increases in neoplasms, neurological disorders, and diabetes and kidney diseases 
(+4.8% in aggregate). COLOR LEGEND: 
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Figure S19. Decomposition of the probability of death, for all GBD locations, for the 
population aged 70 to 90 years old, from 1990 to 2019, in females. 
Probability of death between 70 and 90 years of age (denoted using standard demographer notation 
as 20q70, the probability ‘q’ of death for a period of 20 years starting at age 70)  is plotted globally 
and by Global Burden of Disease super-region and region for 1990 (dashed vertical line) and 2019 
(solid vertical line). The relative contribution of that change due to different causes is indicated by 
different coloured bars. All causes to the right of the dashed line increased from 1990 to 2019 and all 
those to the left decreased over the same time period. As can be seen at the global level, the 
probability of death for those 70 to 90 years decreased mainly due to cardiovascular diseases, chronic 
respiratory diseases, respiratory infections and tuberculosis and enteric infections (-14.6%  in 
aggregate), while probability of death increased owing to increases in neoplasms, neurological 
disorders, and diabetes and kidney diseases (+3.6% in aggregate). COLOR LEGEND: 
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Figure S20. Leading ten causes of total deaths with ratio of observed to expected years lived with disability in 2019, among 
people 70 years and older, in males, for all GBD locations. 
Causes are ranked based on global estimates of deaths. Causes are color coded (shown in color key) based on the ratio of observed to 
expected (O:E) rates on that basis of SDI from the epidemiologic transition analysis. Shades of blue represent much lower observed deaths 
and YLDs than expected levels based on SDI, whereas red shows that observed deaths and YLDs exceed expected levels. When the ratio 
exceeds 1 means that observed levels exceeded the expected levels on the basis of SDI. O:E ratios  are listed in each cell. 
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Figure S21. Leading ten causes of total deaths with ratio of observed to expected years lived with disability in 2019, among 
people 70 years and older, in females, for all GBD locations.   
Causes are ranked based on global estimates of deaths. Causes are color coded (shown in color key) based on the ratio of observed to 
expected (O:E) rates on that basis of SDI from the epidemiologic transition analysis. Shades of blue represent much lower observed deaths 
and YLDs than expected levels based on SDI, whereas red shows that observed deaths and YLDs exceed expected levels. When the ratio 
exceeds 1 means that observed levels exceeded the expected levels on the basis of SDI. O:E ratios are listed in each cell.              
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Figure S22. Leading ten causes of total years lived with disability with ratio of observed to expected years lived with disability in 
2019, among people 70 years and older, in males, for all GBD locations. 
Causes are ranked based on global estimates of YLDs. Causes are color coded (shown in color key) based on observed to expected (O:E) rate ratio 
on the basis of SDI from the epidemiologic transition analysis. Shades of blue represent much lower observed deaths and YLDs than expected levels 
based on SDI, whereas red shows that observed deaths and YLDs exceed expected levels. When the ratio exceeds 1 means that observed levels 
exceeded the expected levels on the basis of SDI. O:E ratios are listed in each cell.  YLDs = years of life lived with disability. 
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Figure S23. Leading ten causes of total years lived with disability with ratio of observed to expected years lived with disability in 
2019, among people 70 years and older, in females, for all GBD locations. 
Causes are ranked based on global estimates of YLDs. Causes are color coded (shown in color key) based on the ratio of observed to expected (O:E) 
rates on that basis of SDI from the epidemiologic transition analysis. Shades of blue represent much lower observed deaths and YLDs than expected 
levels based on SDI, whereas red shows that observed deaths and YLDs exceed expected levels. When the ratio exceeds 1 means that observed 
levels exceeded the expected levels on the basis of SDI. O:E ratios are listed in each cell. YLDs = years of life lived with disability. 
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Figure S24. Global annualised rate of change in risk factors summary exposure values (SEV) in people aged 70 years and older, 
for both sexes, from 1990 to 2019 versus number of attributable DALYs by risk factor in 2019. 
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Figure S25. Annualised rate of change in risk factors summary exposure values (SEV) in people aged 70 years and older, for both 
sexes, from 1990 to 2019 versus number of attributable DALYs by risk factor in 2019, in Low SDI quintile. 
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Figure S26. Annualised rate of change in risk factors summary exposure values (SEV) in people aged 70 years and older, for both 
sexes, from 1990 to 2019 versus number of attributable DALYs by risk factor in 2019, in Low-middle SDI quintile. 
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Figure S27. Annualised rate of change in risk factors summary exposure values (SEV) in people aged 70 years and older, for both 
sexes, from 1990 to 2019 versus number of attributable DALYs by risk factor in 2019, in Middle SDI quintile. 
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Figure S28. Annualised rate of change in risk factors summary exposure values (SEV) in people aged 70 years and older, for both 
sexes, from 1990 to 2019 versus number of attributable DALYs by risk factor in 2019, in High-middle SDI quintile. 
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Figure S29. Annualised rate of change in risk factors summary exposure values (SEV) in people aged 70 years and older, for both 
sexes, from 1990 to 2019 versus number of attributable DALYs by risk factor in 2019, in High SDI quintile. 

 



74  

Figure S30. Annualised rate of change in risk factors summary exposure values (SEV) in people aged 70 years and older, for both 
sexes, from 1990 to 2019 versus number of attributable DALYs by risk factor in 2019, in the Central Europe, Eastern Europe and 
Central Asia GBD super-region. 
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Figure S31. Annualised rate of change in risk factors summary exposure values (SEV) in people aged 70 years and older, for both 
sexes, from 1990 to 2019 versus number of attributable DALYs by risk factor in 2019, in the High-income GBD super-region. 
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Figure S32. Annualised rate of change in risk factors summary exposure values (SEV) in people aged 70 years and older, for both 
sexes, from 1990 to 2019 versus number of attributable DALYs by risk factor in 2019, in the Latin America and Caribbean GBD 
super-region 
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Figure S33. Annualised rate of change in risk factors summary exposure values (SEV) in people aged 70 years and older, for both 
sexes, from 1990 to 2019 versus number of attributable DALYs by risk factor in 2019, in the North Africa and Middle East super-
region. 
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Figure S34. Annualised rate of change in risk factors summary exposure values (SEV) in people aged 70 years and older, for both 
sexes, from 1990 to 2019 versus number of attributable DALYs by risk factor in 2019, in the South Asia GBD super-region 
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Figure S35. Annualised rate of change in risk factors summary exposure values (SEV) in people aged 70 years and older, for both 
sexes, from 1990 to 2019 versus number of attributable DALYs by risk factor in 2019, in the Southeast Asia, East Asia and 
Oceania GBD super-region. 
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Figure S36. Annualised rate of change in risk factors summary exposure values (SEV) in people aged 70 years and older, for both 
sexes, from 1990 to 2019 versus number of attributable DALYs by risk factor in 2019, in the Sub-Saharan Africa GBD super-
region. 

 



Supplementary Table 1. GATHER checklist of information that should be included in reports of global health estimates, with 
description of compliance and location of information for "Global, regional, and national burden of diseases and injuries 
for adults 70 years and older: a systematic analysis for the Global Burden of Disease 2019 Study" 

# GATHER checklist item Description of compliance Reference 
Objectives and funding 

1 Define the indicators, populations, and time 
periods for which estimates were made. 

Narrative provided in paper and 
appendix describing indicators, 
definitions, and populations 

Main text methods and 
appendix tables 

2 List the funding sources for the work. Funding sources listed in paper Abstract and declaration of interest 
(Funding) 

Data Inputs 
For all data inputs from multiple sources that are synthesized as part of the study: 

3 Describe how the data were identified and how the 
data were accessed. 

Narrative description of data seeking 
methods provided 

Main text (Methods) and 
appendix 

4 Specify the inclusion and exclusion criteria. Identify 
all ad-hoc       exclusions. 

Narrative about inclusion and exclusion 
criteria by data type provided 

Main text (Methods) and 
appendix 

5 

Provide information on all included data sources 
and their main characteristics. For each data 
source used, report reference information or 
contact name/institution, population represented, 
data collection method, year(s) of data collection, 
sex and age range, diagnostic criteria or 
measurement method, and sample size, as 
relevant. 

An interactive, online data source tool 
that provides metadata for data 
sources by component, geography, 
cause, risk, or impairment has been 
developed. Detailed descriptions of all 
cause-specific analyses  

Main text (methods), appendix, 
accompanying publications, and 
online tools including GBD Input 
Data Sources Tool at 
https://ghdx.healthdata.org  

6 
Identify and describe any categories of input data 
that have potentially important biases (e.g., based 
on characteristics listed in item 5). 

References on related biases are 
reported in the 
main text description 

Main text (Methods) and 
limitations  

For data inputs that contribute to the analysis but were not synthesized as part of the study: 

7 Describe and give sources for any other data inputs. All are included in online data sources 
tool https://ghdx.healthdata.org 

For all data inputs: 

8 

Provide all data inputs in a file format from which 
data can be efficiently extracted (e.g., a 
spreadsheet as opposed to a PDF), including all 
relevant meta-data listed in item 5. For any data 
inputs that cannot be shared due to ethical or legal 
reasons, such as third-party ownership, provide a 
contact name or the name of the institution that 
retains the right to the data. 

Visualization of input data available 
through online model visualization 
tools at and for download via data 
query tools at  

https://vizhub.healthdata.org  
and https://ghdx.healthdata.org 

Data analysis 

9 Provide a conceptual overview of the data analysis 
method. A diagram may be helpful. 

Description of the overall 
methodological processes, as well as of 
modelling processes, is provided in 
methods. Main text states that data 
analysis is following the GBD 2019 
capstone papers 

Main text (Methods) 
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10 

Provide a detailed description of all steps of the 
analysis, including mathematical formulae, if 
necessary. This description should cover, as 
relevant, data cleaning, data  pre-processing, data 
adjustments and weighting of data sources, and 
mathematical or statistical model(s). 

Detailed methodological description of 
the analysed variables and statistical 
analysis is provided. Information on this 
models is following the GBD 2019 
capstone papers and relevant 
references have been provided. 

Main text (Methods) 

11 Describe how candidate models were evaluated 
and how the final model(s) were selected. 

Information on this models is following 
the GBD 2019 capstone papers and 
relevant references have been 
provided 

Main text (methods) 

12 
Provide the results of an evaluation of model 
performance, if done, as well as the results of any 
relevant sensitivity analysis. 

Information on this models is following 
the GBD 2019 capstone papers and 
relevant references have been 
provided 

Main text (methods) 

13 

Describe methods for calculating uncertainty of 
the estimates. State which sources of uncertainty 
were, and were not, accounted for in the 
uncertainty analysis. 

Brief Information on the uncertainty 
intervals is previded and is following 
the GBD 2019 capstone papers. 
Relevant references have been provided 

Main text (methods) 

14 State how analytic or statistical source code used 
to generate estimates can be accessed. Access statement provided. Code is available upon request.  

Results and Discussion 

15 Provide published estimates in a file format from 
which data can be efficiently extracted. 

Results are available through 
online data visualization tools, the 
Global Health Data Exchange, and the 
online data query tool 
(https://ghdx.healthdata.org/gbd-
2019) 

Main text, appendix, and online 
data tools (data visualization 
tools, dataquery tools,  and the 
Global Health Data Exchange 

16 Report a quantitative measure of the uncertainty 
of the estimates (e.g. uncertainty intervals). 

Uncertainty intervals are provided with 
all results 

Main text, appendix, and online 
data tools (data visualization 
tools, data query tools, and the 
Global Health Data Exchange, 
https://ghdx.healthdata.org/gb
d-2019) 

17 
Interpret results in light of existing evidence. If 
updating a previous set of estimates, describe the 
reasons for changes  in estimates. 

Discussion of results is provided in the 
narrative of the article 

Main text (results and 
Discussion) 

18 

Discuss limitations of the estimates. Include a 
discussion of  any modelling assumptions or data 
limitations that affect interpretation of the 
estimates. 

Discussion of limitations provided in 
the narrative of of the article Main text (Limitations) 
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