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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
on behalf of GBD 2019 Ageing Collaborators

Abstract
Objectives
To use data from the Global Burden of Diseases, 
Injuries, and Risk Factors Study 2019 (GBD 2019) 
to estimate mortality and disability trends for the 
population aged ≥70 and evaluate patterns in causes 
of death, disability, and risk factors.
Design
Systematic analysis.
Setting
Participants were aged ≥70 from 204 countries and 
territories, 1990-2019.
Main outcomes measures
Years of life lost, years lived with disability, disability 
adjusted life years, life expectancy at age 70 (LE-
70), healthy life expectancy at age 70 (HALE-70), 
proportion of years in ill health at age 70 (PYIH-70), 
risk factors, and data coverage index were estimated 
based on standardised GBD methods.
Results
Globally the population of older adults has increased 
since 1990 and all cause death rates have decreased 
for men and women. However, mortality rates due 
to falls increased between 1990 and 2019. The 
probability of death among people aged 70-90 
decreased, mainly because of reductions in non-
communicable diseases. Globally disability burden 
was largely driven by functional decline, vision and 
hearing loss, and symptoms of pain. LE-70 and HALE-
70 showed continuous increases since 1990 globally, 
with certain regional disparities. Globally higher LE-70 
resulted in higher HALE-70 and slightly increased 
PYIH-70. Sociodemographic and healthcare access 
and quality indices were positively correlated with 
HALE-70 and LE-70. For high exposure risk factors, 

data coverage was moderate, while limited data 
were available for various dietary, environmental or 
occupational, and metabolic risks.
Conclusions
Life expectancy at age 70 has continued to rise 
globally, mostly because of decreases in chronic 
diseases. Adults aged ≥70 living in high income 
countries and regions with better healthcare access 
and quality were found to experience the highest life 
expectancy and healthy life expectancy. Disability 
burden, however, remained constant, suggesting 
the need to enhance public health and intervention 
programmes to improve wellbeing among older 
adults.

Introduction
For the first time in history, most newborns might 
live into their 70s and beyond.1 With the global 
population experiencing extra years of life, the health 
and wellbeing of older adults is paramount so that 
they can continue to be actively engaged in society.2 
However, if added years are spent in poor health, 
health systems will face increased healthcare expenses 
due to increased demand.3 To conceptualise years of 
life spent in good health, a variety of ageing indicators 
have been developed. Healthy and successful ageing, 
and frailty, project high or low wellbeing in older 
people, respectively.4-6 Ageing research suggests 
that functional decline and health loss are more 
reflective of healthy ageing than chronological age.7 
Consequently, surveillance of the older population’s 
health is essential to capture its ageing status. 
Variations in the definition of old age exist that account 
for chronological age or for remaining life expectancy.8 
Epidemiological data indicate that population ageing 
patterns are changing, with people aged ≥70 and ≥90 
being the fastest growing segment in Europe, Asia, and 
the United States.9-11 In 1950, older adults represented 
5% of the global population; this estimate is projected 
to rise to 16% by 2050.12 Consequently, the health 
and wellbeing of ageing populations have become 
important public health issues with wide reaching 
economic implications that affect medical care, in-
home care and assistance, and healthcare staff.13

The projected ageing demographics are linked to 
increased burden and duration of non-communicable 
diseases.7 An analysis of the Global Burden of Disease 
(GBD) 2010 data established that the major causes of 
disability for adults aged ≥60 were musculoskeletal 
disorders, cardiovascular diseases, diabetes, and 
neurological disorders.14 In 2015, the World Health 
Organization declared that the rise in chronic conditions 
among older adults was a worldwide epidemic.7 
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What is already known on this topic
The global population is living longer and the health and wellbeing of older 
adults has become a major public health issue
While it is recognised that populations are ageing differently, global 
epidemiological data on the burden of diseases in adults aged ≥70 are lacking

What this study adds
In 2019, adults aged ≥70 were found to live more than two years longer 
compared with 1990 life expectancy estimates
Sociodemographic development and healthcare access and quality were major 
determinants of life expectancy and healthy life expectancy in adults aged ≥70; 
disability burden followed a stable pattern across the development spectrum
Specific healthy ageing policies are needed with targeted data coverage for 
adults aged ≥70 and consistent collaboration among stakeholders
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The  management of accumulated chronic conditions 
is likely to weigh upon healthcare financing over the 
next few decades in high income and in low to middle 
income regions.15-17 Low to middle income regions 
face an ongoing agenda of communicable diseases and 
will have to manage the added burden with limited 
resources and infrastructure. Understanding and 
reducing the burden of disease among older people is 
critical to mitigate the economic burden of ageing and 
build sustainability within the global health system for 
the next generations.13

While ageing draws increasing attention from policy 
makers and stakeholders, global epidemiological data 
on the burden of disease in older adults are limited. 
Studies from high life expectancy populations do 
exist,4 18 19 but most are based on localised sample 
populations without detailed analyses of adults older 
than 70.20-22 Epidemiological studies from WHO,23 
including the recently published world report on ageing 
and health, have highlighted an increasingly ageing 
global population and the need for urgent public health 
changes.7 The GBD 2019 study provides annually 
updated global, regional, and national population data 
on mortality, 369 diseases and injuries, and 87 risk 
factors among 204 countries.24-26 Therefore, it provides 
an excellent opportunity for global and regional 
systematic analysis of causes of fatal and non-fatal 
health loss and risk factors in older adults.

The overall aim of the present study was to describe 
levels and trends in death and disability burden 
in the population aged ≥70 using GBD 2019 data. 
We approached this with several new metrics and 
assessments that leverage the GBD 2019 results. 
These assessments included life expectancy at age 
70 (LE-70), the probability of death between ages 
70 and 90 (20q70), assessment of diseases and 
injuries leading to changes in 20q70 through causal 
decomposition, calculating healthy life expectancy at 
age 70 (HALE-70), and the proportion of remaining 
years in ill health at age 70 (PYIH-70). To provide 
context to these analyses, we further evaluated the 
historical relation between LE-70, HALE-70, and 
PYIH-70 with two societal proxies for development: 
the sociodemographic index (SDI) and the healthcare 
access and quality (HAQ) index. Data coverage 
underpinning the GBD estimates was also assessed. 
Overall, this study provides a comprehensive and 
detailed assessment of the health of older adults.

Methods
Extensive details on the methods used to derive each 
of the measures in GBD 2019 have been published 
previously.24-26 A brief summary of each component is 
presented, with emphasis on the metrics and analyses 
that are distinct to the present study to evaluate 
trends in epidemiological patterns and disease 
burden for people aged ≥70. Reporting was performed 
with adherence to the guidelines for accurate and 
transparent health estimates reporting (GATHER) 
statement (supplementary table 1). Data inputs are 
downloadable from the Global Health Data Exchange 

(http://ghdx.healthdata.org/). Results are viewable 
online in GBD Compare (https://vizhub.healthdata.
org/gbd-compare/).

Dimensions of GBD 2019
GBD 2019 includes estimates for 369 diseases 
and injuries, and 87 risk factors for 23 age groups 
and both sexes from 1990 to 2019 covering 204 
countries and territories—22 of which were analysed 
subnationally—hierarchically arranged into 21 
regions and 7 super regions (supplementary table 2). 
SDI is a composite indicator that uses the following 
components: country level income per capita, average 
educational attainment among people older than 15 
years, and total fertility rate among women younger 
than 25 years.24 SDI ranges from 0 (high fertility, low 
education, low income) to 1 (low fertility, high income, 
high education). Each GBD location was assigned to a 
single SDI group based on its SDI value in 2019.

All deaths were assigned a single underlying 
cause according to the international classification 
of diseases, and each was mapped according to 
a four level mutually exclusive and collectively 
exhaustive GBD cause list (supplementary table 
3). Level 1 differentiates between communicable, 
maternal, neonatal, and nutritional disorders; non-
communicable diseases; and injuries. Level 2 covers 
22 disease and injury aggregate clusters, such as 
cardiovascular diseases, respiratory diseases, and 
transport related injuries. Some level 2 disorders 
(maternal disorders, neonatal disorders, and 
congenital birth defects) do not cause death in 
adults aged ≥70, but there is burden present for 
the first two arising from long term sequelae of 
neonatal disorders (eg, cerebral palsy) and long term 
complications of pregnancy (eg, severe preeclampsia 
and eclampsia). Level 3 (174 conditions) and level 
4 (301 conditions) causes represent increasingly 
more specific diseases and injuries. Most causes were 
estimated as underlying causes of death and causes 
of disability burden. A few causes were assessed 
to cause either death or disability, but not both. 
Examples include aortic aneurysm (death only) and 
periodontal disease (disability only). The GBD 2019 
comparative risk assessment framework classified 
each of 87 risk factors and clusters of risk factors into 
one of three categories: behavioural, environmental 
or occupational, and metabolic.26

All cause mortality and cause specific mortality
Mortality estimation methods have been extensively 
described elsewhere.24 25 Briefly, all available global 
data including vital registration, sample registration, 
household surveys, censuses, disease registries, 
notification systems, and police records were identified, 
extracted, and standardised. Standardised methods 
were then applied to produce internally consistent 
estimates of population, fertility, net migration, all 
cause mortality, and cause specific mortality. All cause 
mortality estimates for each location, sex, and year 
were inputs to the calculation of overall life expectancy 
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and LE-70. Years of life lost were the product of cause 
specific mortality rates and remaining GBD standard 
life expectancy at age of death.

Non-fatal disease burden and disability adjusted 
life years
Estimation methods for prevalence, incidence, years 
lived with disability, and disability adjusted life years 
have been described elsewhere.25 Briefly, global 
datasets were assembled as for the mortality models 
with the addition of administrative datasets (hospital 
discharges and insurance claims) and published 
scientific studies. Data were standardised to a single 
reference definition using meta-regression—bayesian, 
regularised, trimmed (MR-BRT), a meta-regression 
framework developed for GBD 2019.27 Most causes 
used DisMod-MR 2.1, a bayesian meta-regression tool 
developed for GBD, to generate internally consistent 
models of prevalence, incidence, remission, and excess 
mortality. The proportion experiencing each type of 
non-fatal sequela were then calculated separately 
and paired with corresponding global GBD disability 
weights derived from worldwide population surveys to 
calculate years of life lived with disability.28 Finally, a 
microsimulation adjusted for years lived with disability 
to account for comorbidity. The simulation assumed 
independent comorbidity between different diseases 
but was run separately for each age group, sex, 
location, and year based on extensive testing during 
GBD 2010, which revealed age and sex explained most 
comorbidities.29 Disability adjusted life years were the 
sum of years of life lost and years lived with disability.

Specialised metrics of ageing
We calculated the probability of death between 
ages 70 and 90 (20q70) and paired this with cause 
specific mortality results in a decomposition analysis 
to understand how trends in 20q70 between 1990 
and 2019 related to temporal trends in specific GBD 
causes. Next, we used previously described methods24 
to calculate HALE-70, evaluating age specific 
mortality and years lived with disability rates for each 
age group. Finally, we calculated PYIH-70: (LE-70−
HALE-70)/LE-70.

Risk factor exposure and attributable burden
Risk factor exposure, relative risk, and population 
attributable fraction estimation methods have been 
extensively described previously.26 Briefly, exposure 
models drew on similar data sources as non-fatal 
estimates. A continuous distribution of exposure was 
estimated for several risk factors (eg, high body mass 
index) known to have a spectrum of associated severity 
and outcome using ensemble distribution methods 
developed for GBD. For risk factors, exposure data were 
modelled by applying either spatiotemporal Gaussian 
process regression or DisMod-MR 2.1, bayesian 
statistical models.24 26 Quantitative relative risks were 
estimated for each risk-outcome pair, then paired with 
corresponding exposure estimates to calculate the 
population attributable fraction for each risk-outcome 

pair. Population attributable fractions were multiplied 
by the outcome rates to calculate attributable years 
lived with disability, years of life lost, and disability 
adjusted life years.

Summary exposure value is a measure ranging from 
0 (lowest) to 1 (highest) developed for GBD to capture 
exposure, magnitude of relative risk, and attributable 
burden in a single number. Summary exposure values 
allow comparison of intensity of exposure from the 
perspective of adverse health outcomes across risk 
factors and across different demographical groups. 
We evaluated the relation between total attributable 
disability adjusted life years to each risk factor in the 
population aged ≥70 and the annualised rate of change 
in summary exposure values from 1990 to 2019 in 
those aged ≥70. The annualised rate of change was 
calculated as log transformed (final estimates/initial 
estimates)/(No of years).

Epidemiological transition: historical relation with 
SDI and HAQ index
We assessed the epidemiological transition in ageing 
metrics (LE-70, HALE-70, and PYIH-70) as a function 
of summary measures of societal development and 
health system performance, including SDI and 
HAQ index. The HAQ index is a composite metric 
developed for GBD 2016 and subsequently updated. 
It is based on comparative risk standardised mortality 
rates for healthcare sensitive diseases, ranges from 0 
(worst) to 100 (best), and represents a health centric 
assessment of development to complement SDI.30 For 
each metric, we incorporated all observed location 
specific estimates from 1990 to 2019 in MR-BRT,27 
including an intercept and a cubic spline on either 
SDI or HAQ index, depending on the model version, to 
predict the historical average relation between them. 
Models were fit in log space and an offset of 1×10−7 
was used. The observed value for each location year 
was compared with the expected value, which was the 
result of the spline model, to calculate the observed to 
expected ratio.

Uncertainty and data coverage index for population 
aged ≥70
For all results, we report 95% uncertainty intervals 
derived from 1000 draws from the posterior 
distribution of each step in the estimation process 
according to established GBD methods.

The geographical and temporal representativeness 
of the data sources for non-fatal health outcomes 
were estimated through a measure we term the data 
coverage index (DCI). DCI was calculated in two 
ways for non-fatal disease burden and risk factor 
exposure. Firstly, we calculated the proportion of 
countries and territories with input data for each 
level 3 cause or risk factor (DCI by cause or risk). 
Secondly, we calculated the proportion of cause or 
risk factor with any input data for each country and 
territory (DCI by country). We compared the DCI for 
all ages with that for the population aged ≥70 only to 
highlight potential data gaps.
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Patient and public involvement
The GBD study is a global collaborative scientific 
endeavour involving more than 7500 people from 
around 150 countries. Enrolment as a GBD collaborator 
is a public facing process without specific limitations 
placed on educational degree or professional status. 
All collaborators were invited to review and comment 
on the manuscript according to their personal 
involvement and expertise.

Results
Demographics, mortality, and morbidity trends
From 1990 to 2019, the size of the global population 
aged ≥70 increased (fig 1). The 70−79 year old age 
group grew 115.4%, while the proportion of adults aged 
80-94 increased by 164.7%. The population aged ≥95 
grew by 363.7%. These trends were consistent across 
all SDI groups and GBD super regions (supplementary 
figs 1-12). In 2019, there were 168.3 million more 
people aged 70-79, 90.1 million more people aged 
80-94, and 3.7 million more people aged  ≥95 than 
in 1990. Globally all cause deaths increased while 
death rates decreased for men and women aged ≥70 
between 1990 and 2019 (supplementary table 4), a 
pattern that was followed for nearly all specific causes 
of death. Globally during the same period, rates for 
years lived with disability increased only slightly in 
people aged ≥70 (+0.7%, 95% uncertainty interval 
0.0% to 1.4%) and in all SDI groups. Globally all cause 
years lived with disability rates decreased for men 
but increased for women aged ≥70 between 1990 and 
2019 (supplementary table 5).

LE-70, HALE-70, and PYIH-70
Globally LE-70 increased for men and women in 2019 
(men: 12.88, 95% uncertainty level 12.53 to 13.26; 
women: 15.21, 14.88 to 15.55) compared with 1990 
(men: 10.60, 10.43 to 10.80; women: 12.82, 12.68 
to 12.99; table 1, supplementary tables 6-8). Globally 
HALE-70 increased for men (from 7.72 (6.92 to 8.42) 
healthy years in 1990 to 9.35 (8.43 to 10.27) in 2019) 
and women (from 9.10 (8.12 to 10.0) healthy years in 
1990 to 10.69 (9.52 to 11.76) in 2019). Improvements 
in HALE-70 were slightly faster than LE-70 globally, 
which equated to a minimal increase in PYIH-70. All 
super regions saw improvements in LE-70, higher 
HALE-70, and a relatively stagnated PYIH-70 (fig  2, 
supplementary figs 13 and 14 by sex). We found 
associations between SDI, HAQ index, and each of LE-
70, HALE-70, and PYIH-70 (fig 3; supplementary figs 
15 and 16 by sex). Low regional variability was noted 
in LE-70, HALE-70, and PYIH-70 within countries of 
the same regional clusters.

More than 90% of the 204 countries and territories 
had increased LE-70 and HALE-70 between 1990 and 
2019. The largest increases in LE-70 for men were 
in Singapore, South Korea, Bermuda, Maldives, and 
Luxembourg. In contrast, there were decreases of at 
least two years in LE-70 in Uzbekistan, Tajikistan, 
Nicaragua, Honduras, and Azerbaijan. Despite trends 
of slight PYIH-70 increases with increasing SDI and 

HAQ index, only 74 of 204 countries had decreased 
PYIH-70 between 1990 and 2019. The biggest 
improvements, in order, were seen in Côte d’Ivoire, 
Iraq, Singapore, Ukraine, and Kyrgyzstan, all of which 
saw declines of at least 1% in PYIH-70. In contrast, 
64 countries had increases in PYIH-70 of at least 2%, 
including Sri Lanka, US, Seychelles, Georgia, Lebanon, 
and Syrian Arab Republic. LE-70 was higher in women 
than in men in 195 of 204 countries by an average of 
1.89 years. The only exceptions were Afghanistan, 
Algeria, Egypt, Jordan, Marshall Islands, Mauritania, 
Qatar, Syrian Arab Republic, and Tokelau, where LE-
70 was higher in men in 2019.

Causal decomposition of changes in probability of 
death
We performed causal decomposition of probability 
of death for the population aged 70-90 from 1990 
to 2019 for level 2 GBD causes (fig 4; supplementary 
figs 17-19). Nearly all regions saw declines in 
probability of death from age 70 to 90 (thick black 
line on the left of dotted black line), with the only 
exceptions being Central Asia (83.2% probability 
of death in 1990 vs 89.0% in 2019) and southern 
sub-Saharan Africa (81.6% probability of death in 
1990 vs 83.5% in 2019). Broad declines were mostly 
due to reductions in mortality from cardiovascular 
diseases and chronic respiratory diseases; declines 
would have been even greater if not for increases 
in mortality attributed to neoplasms, diabetes and 
kidney diseases, and neurological disorders in 
men and women. Trends in falls and unintentional 
injuries are important to highlight as proxies 
for frailty in older adults. In 121 countries, the 
probability of death by unintentional injury and 
falls decreased between 1990 and 2019.

Leading causes of mortality and morbidity
In 2019, the most notable causes of disease burden 
were cardiovascular diseases, neoplasms, and chronic 
respiratory diseases, while the least burden was caused 
by other infectious diseases and unintentional injuries 
(among other causes) for men and women (data given 
in online supplementary material). Globally the top five 
level 3 causes of death in people aged ≥70 in 2019 were 
ischaemic heart disease, stroke, chronic obstructive 
pulmonary disease, Alzheimer’s disease and other 
dementias, and lower respiratory infections (fig 5; 
supplementary figs 20 and 21 by country and sex). 
Although ischaemic heart disease, stroke, colorectal 
cancer, diabetes, and chronic kidney disease remained 
among the leading causes of death globally, observed 
levels of deaths were generally lower than those 
expected based on SDI (ratio of observed to expected 
levels less than one; fig 5). Increases in death rates 
in people aged ≥70 from 1990 to 2019 were noted for 
Alzheimer’s disease and other dementias (+29.28%), 
lung cancer (+11.74%), diabetes (+16.35%), and 
chronic kidney disease (+31.95%) (data given in online 
supplementary material). Based on the observed to 
expected mortality ratios, Alzheimer’s disease and 
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other dementias (ratio 1.05) was expected to have 
slightly higher estimates than the observed proportion 
of 29.28%, while for diabetes (ratio 0.82) the increase 
was expected to be a bit lower than 31.95%. Falls also 
increased 15.28% and were ranked 13th in 2019. 
Neoplasms showed heterogeneity, with half of cancers 
(15 of 30) increasing and half decreasing. The top two 

neoplasms—tracheal, bronchus and lung cancer, and 
colorectal cancer—both increased (while lung cancer 
had an observed to expected ratio of 1.12 and the ratio 
for colorectal cancer was 0.83; fig 5), and the largest 
increase was in pancreatic cancer (+32.48%, ranked 
18th overall). Cancers of the stomach (−33.34%), 
prostate (−3.74%), breast (−9.28%), oesophagus 
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Fig 1 | Global population, years lived with disability, and all-cause mortality transition by age group, 1990-2019. Distribution of global population 
by age group was estimated as simple difference from 1990 to 2019 (top panel), or as percentage change during the same period (second panel). 
Percentage differences in years lived with disability and all cause mortality as estimated by GBD 2019 are also provided for all age groups from 1990 
to 2019 (lower two panels) to indicate quality of life lost due to illness before death and to quantify all cause mortality. All age groups have been 
included to provide a comparator when assessing health loss in older adults. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study; 
YLD=years lived with disability
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(−14.55%), and liver (−10.48%) all decreased from 
1990 to 2019 in people aged ≥70 (data given in online 
supplementary material).

Globally, the top 5 level 3 causes of years lived with 
disability in people aged ≥70 included age related 
hearing loss, diabetes, low back pain, blindness and 

vision loss, and chronic obstructive pulmonary disease 
(fig 6, supplementary figs 22 and 23 by country and 
sex). Observed years lived with disability due to chronic 
obstructive pulmonary disease were almost two times 
(observed to expected ratio 1.8) higher than expected 
levels worldwide. Among all 10 leading causes of years 
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lived with disability, observed estimates were almost 
equal (observed to expected ratio >0.9) or exceeded the 
levels expected based on SDI (fig 6). Leading causes of 
disability in older people were largely consistent across 
locations, but with variations in ranking. Age related 
hearing loss was the leading cause in 47 countries, 
while diabetes ranked first in 98 countries. Notably, 
Alzheimer’s disease and other dementias was in the 
top five in 51 countries, osteoarthritis in 28 countries, 
oral disorders in 29 countries, and chronic obstructive 
pulmonary disease in 50 countries (supplementary 
figs 22 and 23).

Attributable burden and risk factor exposure trends
In 2019, 280 million disability adjusted life years (95% 
uncertainty interval 261.3 to 297.9), or 57.7% of the 
total, were attributable to risk factors in people aged ≥70; 
this includes 87.9 (79.4 to 95.8), 147.8 (134.8 to 163.4), 

and 172.0 (155.4 to 189.3) million disability adjusted 
life years attributable to environmental, behavioural, 
and metabolic risks, respectively. This represents an 
increase in the total risk attributable disability adjusted 
life years from the estimated 165.3 million (157.8 to 
172.5) in 1990, but a decrease in the proportion that 
were risk attributable in 1990 (61.9%). The top five 
risk factors in 2019 were high systolic blood pressure, 
high fasting plasma glucose, smoking, high low density 
lipoprotein cholesterol, and high body mass index. The 
only substantial change in ranking was a decline of 
70.1% in burden attributable to household air pollution 
(data shown in online supplementary material).

A comparison of annualised rate of change in risk 
exposure measured by summary exposure values 
from 1990 to 2019 with total attributable disability 
adjusted life years in 2019 shows that the biggest 
risk factors for health loss were mainly those with the 
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Fig 3 | Epidemiological transition between life expectancy at age 70 (LE-70), healthy life expectancy at age 70 (HALE-70), proportion of years spent in 
ill health at age 70 (PYIH-70), and sociodemographic index (SDI) and healthcare access and quality (HAQ) index for both sexes, 2019. Dots represent 
countries and different colour coding indicates SDI categorisation
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largest cumulative improvements in exposure (fig 7, 
supplementary figs 24-36). Those with an annualised 
rate of change in summary exposure values of at least 
2% decline and to which at least 100 000 disability 
adjusted life years globally are attributed include 
household air pollution, unsafe water, low dietary fibre, 

unsafe sanitation, low vegetables, poor handwashing, 
child wasting, and child underweight (which includes 
protein energy malnutrition in adults as well), and 
occupational injuries and asthmagens. Notable 
differences existed among diverse sociodemographic 
levels and super regions (supplementary figs 24-36). 
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Fig 4 | Relation between level 2 causes of death and changes in probability of death between ages 70 and 90 years (20q70) for both sexes by 
location, 1990-2019. Different colour bars represent different causes of death. All causes to the right of the dotted black line increased from 
1990 to 2019, and all those to the left decreased over the same time period. At the global level, the probability of death decreased mainly due to 
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while the probability of death increased due to increases in neoplasms, neurological disorders, diabetes, and kidney diseases (+4.3% in total). 
20q70=probability ‘q’ of death for a period of 20 years starting at age 70
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Analysing common risks among men and women in the 
high SDI group, drug use, followed by low birth weight 
or short gestation, had the highest increase in summary 
exposure values and attributable disability adjusted 
life years. In comparison, the middle SDI group had 
the highest increases for high temperature (one of two 
climate indicators, the other being low temperature) 
and high body mass index. The low-middle and low SDI 
groups noted the highest annualised rate of change in 
parallel with attributable disability adjusted life years 
related to ambient particulate matter air pollution and 
high body mass index.

DCI for population aged ≥70 
Between 1990 and 2019, data coverage for all risks 
and non-fatal outcomes in the population aged ≥70 
remained at low levels compared with that for all ages 
(supplementary tables 9-12). Across GBD locations, 
between 1990 and 2005, and between 2005 and 2019, 
87 countries increased data completeness for risk 
factors for older adults and 117 countries increased DCI 
percentage for all ages. Meanwhile, the DCI percentage 
for non-fatal outcomes in adults aged ≥70 increased 
in 57 countries, while the DCI percentage for all ages 
increased in 198 countries. Non-fatal DCI percentage 
for the population aged ≥70 decreased in 125 countries. 

Analysing only risk factor data completeness between 
the same time periods and age groups showed that 
nine risk factors had 0% completeness for both periods 
among those aged ≥70 (supplementary table 10). For 
the entire period, all risk factors completeness for older 
adults was at an equal or lower level compared with 
that of all ages. Additionally, for all ages and those aged 
≥70, data completeness decreased between 1990 and 
2005, and between 2005 and 2019 for 16 and 32 risks, 
respectively. Traditionally high burden modifiable 
risks, including dietary risks, high cholesterol levels, 
and high fasting plasma glucose, had low to moderate 
data availability for the population aged ≥70 (DCI range 
29%−63%; supplementary table 10). Similar patterns 
were noted for environmental and occupational risks. 
Furthermore, when we analysed completeness for non-
fatal causes, we found that 52 non-fatal causes had zero 
coverage for both periods for the population aged ≥70, 
while 53 non-fatal causes had 100% completeness in 
all ages and the population aged ≥70.

Discussion
Life expectancy, fatal and non-fatal causes, and risk 
factor patterns
Adults aged ≥70 were more likely to live longer in 2019 
than in 1990 in almost all countries. In the global 

01987654321
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Fig 5 | Ten leading causes of total deaths with ratio of observed to expected deaths in 2019 by location for population aged ≥70, both sexes. Causes 
are ranked according to global estimates of deaths and colour coded based on ratio of observed to expected rates. Shades of blue represent lower 
observed deaths than expected rates based on sociodemographic index whereas red indicates observed deaths exceeded expected rates. Ratios are 
listed in each cell; ratios greater than one indicate that observed levels exceeded expected levels based on sociodemographic index. COPD=chronic 
obstructive pulmonary disease
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population aged ≥70, an extension of life was recorded 
of almost two years in total (LE-70) or almost 1.5 years 
free of disease (HALE-70). Disease burden was closely 
associated with societal development and aggregate 
healthcare quality, but starting at the age of 70, relatively 
low regional variability was found for LE-70, which 
could be attributed to a lack of variation in SDI and HAQ 
index within regions. Women generally lived longer but 
had a higher proportion of those years spent in ill health.

Steady increases in LE-70 have been described even 
before 1990,31 with variation of life expectancy thought 
to be a complex function of age specific mortality, risk 
factor exposures, and biomedical advances.32 This 
supports our findings of low regional variability in life 
expectancy beyond aged 70. Further, healthy ageing 
trends are not random33 because evidence exists that 
determinants as diverse as lifestyle and socioeconomic 
development have predictable effects on healthy 
ageing.34 Our study showed widespread decreases in 
cardiovascular and chronic respiratory diseases, and 
in some cancers. Nonetheless, increases in deaths were 
found to be caused by neurological disorders, falls, 
and some cancer types that have not been historically 
targeted by prevention programmes. The fatal and 
non-fatal burden of injuries due to falls increased 
in several countries, suggesting that functional 

loss will have a role in the burden of disease among 
older adults.35 Interventions targeting diseases that 
progressively impair physical functionality36 might 
be required to alter this pattern. The main disability 
drivers globally were disorders related to functional 
status (eg, Alzheimer’s disease and other dementias, 
and stroke), conditions associated with longstanding 
pain (eg, low back pain, neck pain, osteoarthritis, 
road injuries), deficits in sensory organ functioning 
(eg, age related hearing loss, blindness and vision 
loss), and oral disorders. Alzheimer’s disease and 
other dementias have an important role in people’s 
functional status, and based on our analysis, are 
contributing to higher mortality and morbidity rates 
than expected among older adults, a fact that is also 
supported by the literature.37 38 Projections suggest 
that the older population is expected to exceed 20% of 
the global population by 2050.39 This growing number 
of older people is likely to present a challenge in terms 
of health needs and care costs.40

Disability burden and functional loss among older 
adults
Conditions limiting physical function, pain symptoms, 
and sensory organ deficits were the main drivers of 
morbidity among the older population. Importantly, 
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Fig 6 | Ten leading causes of total years lived with disability (YLDs) with ratio of observed to expected YLDs in 2019 by location for population aged 
≥70, both sexes. Causes are ranked according to global estimates of YLDs and colour coded based on ratio of observed to expected rates. Shades of 
blue represent lower observed YLDs than expected rates based on sociodemographic index whereas red indicates observed YLDs exceeded expected 
rates. Ratios are listed in each cell; ratios greater than one indicate that observed levels exceeded expected levels based on sociodemographic 
index. COPD=chronic obstructive pulmonary disease
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our global analysis showed that among the 10 
leading causes of death and disability, four were 
the same: blindness, hearing loss, low back pain, 
respiratory disease, oral disorders (total tooth loss), 
and falls represent a group of causes that feature direct 
functional decline,41 while other causes of years lived 
with disability, such as diabetes, are indirectly related 
to disability and functional loss.7 42 Sex stratified 
analysis showed a similar pattern, with differentiating 
drivers being falls for older women and strokes for older 
men.43 44 This information could help public health 
policy makers implement new tailored programmes 
to control and prevent functional loss and disability 
progression among older people.

Before this study, information was limited as to 
whether today’s older adults live extra years of life in 
better health than their ancestors34 or whether there is 
support for the theories of equilibrium of morbidity and 
delayed ageing.45 46 Under the compression of morbidity 
scenario, increases in life expectancy are coupled with 
decreases in the proportion of life spent in ill health 
because of shifts in future disease patterns that delay 
disease onset. However, the expansion of morbidity 
scenario supports a life expectancy increase coupled 
with increases in life spent in ill health occurring 
due to advances in medicine, while disease patterns 
remain similar.47 48 Our findings of a strong association 
between higher SDI and HAQ index levels with LE-70 

and HALE-70 and relatively stagnated trends in PYIH-
70 were consistent with previous regional analyses.14 49 
Some reported relations were not as strong for some 
measures of health (PYIH-70); this could be attributed 
to a relatively similar experience of ageing across 
the development spectrum, with accumulation of 
deficits proceeding as a function of biology more than 
environment. Additionally, summary measures of 
development and healthcare quality might not be as 
closely associated with healthy ageing as they are for 
health outcomes in younger populations. The above 
findings might also reflect that comparatively fewer 
data are available to quantify epidemiology in older 
adults.

Policy implications
The present findings have three main implications 
for health policy and data collection. Firstly, country 
specific benchmarks can be used to develop and 
implement health intervention programmes to address 
and reduce the burden of disability in older adults 
while tracking regional estimates.50 These programmes 
need to account for the increase in healthcare spending 
due to population ageing, particularly relating to long 
term healthcare.51-53 Without preemptive planning, 
even among socioeconomically developed countries, 
a projected lack of long term care services might 
overwhelm the hospital system.54 Secondly, the cause 
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Fig 7 | Comparison of annualised rate of change in risk exposure measured by summary exposure values (SEVs) for population aged ≥70 (both sexes) 
from 1990 to 2019 with total attributable disability adjusted life years (DALYs) for all risk factors in 2019. The fraction of disability adjusted life years 
attributed to each risk factor is depicted in relation to their corresponding population summary exposure values in 2019. Risk factors are colour 
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indicated by different shapes. LDL=low density lipoprotein; PUFA=polyunsaturated fat
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and risk specific insights from this analysis could help 
to draft policies focusing on prevention of functional 
loss and disability progression among older people, 
specifically targeting men and women, and different 
sociodemographic levels. Policy efforts to reduce 
exposure to smoking and ambient and household air 
pollution have paid dividends, and should continue 
and expand. With growing evidence showing that older 
people are particularly vulnerable to environmental 
risk factors,55 56 similar widespread efforts are needed 
to tackle increasing exposure to other risk factors, 
including the oncoming effects of climate change 
such as extreme weather events, natural disasters, 
and wildfires. While some accumulation of disease 
is related to altered biological metabolism and 
epigenetic signals,57 other conditions are preventable. 
The degree of associated disability could be limited 
by a combination of healthy ageing surveillance at a 
population level and redevelopment of healthcare 
services towards sustainable development in a rapidly 
ageing society.58 59

Thirdly, evaluation of data coverage showed that 
categorically there are fewer health data available 
relating to older adults. Specifically, the coverage of 
risk factor data for the population aged ≥70 decreased 
in almost 30% of the GBD locations, while since 1990 
no information is available for nine risk factors in older 
adults. This comparative lack of data could represent 
an imminent threat and highlights the urgent need 
for surveillance mechanisms in locations with low 
coverage of risk factors and non-fatal disease burden 
data in older populations.60

Because our analysis covers a period before the 
covid-19 pandemic, we were unable to analyse the 
effect of covid-19 on mortality. International studies 
indicate that most of the deaths have occurred in older 
adults, with a case fatality rate for the population aged 
≥70 of over 10%, which could even increase to 30%.61 
Hospital admissions and mortality rates for covid-19 
are also strongly associated with older age.62 Covid-19 
will probably be one of the top ranked causes of death 
and disability adjusted life years in people aged ≥70 
for 2020, with studies from high income countries 
having consistently reported that older adults are 
disproportionately affected by the ongoing pandemic. 
Additionally, covid-19 might have long term health 
implications related to functional decline and health 
related quality of life among older people.63 Although 
exploring the impacts of covid-19 is beyond the scope 
of this study, our analysis should serve as a baseline for 
evaluating the impacts in the coming years.

Strengths and limitations of this study
This research has several strengths. It has added 
knowledge about the burden of disease and disability 
in older adults by analysing data for 204 countries and 
territories. It has also evaluated health data coverage at 
global and regional levels for the population aged ≥70. 
However, this analysis has several limitations. Firstly, 
because it is based on GBD 2019, it shares the overall 
limitations described in previous publications,24-26 

including challenges in fully quantifying all sources 
of uncertainty, lags in data availability, and variation 
in coding practices and other biases. Secondly, overall 
input data were limited, especially in lower SDI 
settings. Thirdly, although we examined a number of 
associations between plausibly related factors such 
as SDI, conclusions cannot be drawn about causal 
relations. Fourthly, the GBD study treats conditions 
individually when determining mortality and morbidity 
estimates; however, because multimorbidity is highly 
prevalent in older populations, it is plausible that this 
approach leads to overestimation of total disability.64 
Therefore, individual cause risk might not be fully 
reflected in population level averages because when 
the cause manifests in people with a high burden, it 
could account for a higher proportion of ill health and 
premature mortality.

Conclusions
Globally adults aged ≥70 were found to live 
substantially longer in 2019 than in 1990, particularly 
owing to decreases in death due to cardiovascular 
diseases and chronic respiratory diseases. However, 
disability burden rates are following a stable pattern 
mostly attributable to functional decline, injuries 
due to falls, hearing loss, and back pain. Globally 
monitoring mortality and morbidity risk factors is 
crucial to sustain and advance research and health 
policy among older adults. Regions with lower 
sociodemographic development and healthcare 
quality performed at lower levels, highlighting the 
areas in greatest need. Our findings show we should 
develop and implement targeted strategies aimed at 
functional ability, sensory organ deficits, symptoms 
of pain, and unintentional falls. Programmes need 
to address country specific sociodemographic and 
cultural development because universal plans might 
be inefficient. Public health strategies will require a 
coherent ageing health policy, targeted data coverage, 
and consistent collaboration among stakeholders 
to succeed. The present estimates could serve as a 
healthy ageing benchmark for countries working 
to focus ageing policies on key risk factors and 
determinants, improve healthcare access and quality, 
and lower healthcare costs.
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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. 

 



49  

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: 
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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. 
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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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