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Abstract

Objectives This study aimed to examine changes in life expectancy (LE), health-adjusted life expectancy (HALE),
unhealthy years of life, and disease burden of older people in industrialised countries and associations with health
systems.

Methods We used estimates of LE and HALE, unhealthy years of life, years of life loss (YLL), years lived with disability
(YLD) for individuals aged 70 years and over in 33 industrialised countries from 1990 to 2019 from the Global Burden
of Disease Study 2019. A linear regression analysis was conducted to examine the association of health outcomes
with the Healthcare Access and Quality (HAQ) index.

Results LE and HALE increased with improved HAQ index from 1990 to 2019. However, the number of unhealthy
years of life increased. An increased HAQ index was associated with decreases in YLL. However, changes in YLD were
relatively small and were not correlated with HAQ index.

Conclusions The healthcare system needs to more address the increased morbidity burden among older people. It
should be designed to handle to healthcare needs of the ageing population.
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Background

Life expectancy has steadily increased in most coun-
tries for last few decades [1]. Particularly in high-income
countries, the majority of newborns are expected to
reach their 80s and even beyond [2]. These industrialised
countries show a high likelihood that life expectancy will
continue to rise by 2030, driven by enhanced longevity in
the older population [2]. For example, females in South
Korea have a 57% probability of living to 90 years or
beyond [2]. Moreover, epidemiological studies have dem-
onstrated a rapid population ageing trend, with individu-
als aged over 70 years constituting the fastest-growing
demographic in high-income countries [3]. This trend
suggests that a greater number of older adults will lead
longer lives in these countries.

However, an increased life expectancy for older adults
does not necessarily imply additional healthy vyears,
although an extended lifespan is a notable achievement
[4]. Health-adjusted life expectancy (HALE), which
defines the average number of healthy years a person of
a specific age can expect to live, has been proposed as a
health indicator [5]. Monitoring trends in both life expec-
tancy and HALE serves to assess the population health
[6]. Understanding the extent of the difference between
life expectancy and HALE is crucial to achieving healthy
ageing, suggesting that both measures increase with min-
imal differences between them [7].

There has been a long-standing debate about the differ-
ence between life expectancy and HALE. Some scenarios
have been proposed to understand the healthcare bur-
den [8, 9]. One scenario suggests that as life expectancy
increases while the years lived with underlying illness or
disability decrease, referring to “compression of morbid-
ity” [10]. Conversely, another scenario, termed “expan-
sion of morbidity’, suggests that as life expectancy rises,
the years of good health decrease [11]. Understanding
whether older adults live longer or shorter lives in poor
health is important, as these scenarios imply different
patterns of disease burden and provide public health pol-
icy implications in a given country for planning health-
care strategies to meet the needs of the ageing population
[12].

Healthcare for the ageing population has become
essential as it helps maintain their health and promotes
active engagement of older people in society [3]. Accord-
ingly, healthcare systems should be designed to provide
access to high-quality healthcare for the ageing popula-
tion [13] and be prepared for a healthy ageing society
where older people may have one or more chronic health
conditions, but these conditions have little influence on
their wellbeing because they are well controlled [14].
Hence, evaluating whether healthcare systems address
healthcare needs and responses to the aging population
is imperative [15]. Despite its importance, cross-national
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studies on life expectancy and HALE in older adults and
their correlation with healthcare performance are lim-
ited [3, 16] Most studies focused on individual national
populations [17-21]. Furthermore, the varying definition
of healthcare system performance and related indicators
among different countries poses challenges in compar-
ing these metrics within a single study [22]. The Global
Burden of Disease Study (GBD) 2019 provides data to
investigate trends in population health, including life
expectancy, HALE, and disease burden [23]. Moreover,
the GBD 2019 introduced Healthcare Access and Qual-
ity (HAQ) index, which enable to assess whether health
systems provide access to quality health care for all ages
using coherent estimation methods across countries and
regions [15]. To our knowledge, only one study investi-
gated the trend of healthcare needs among elders and
how changes in HAQ in low-income countries (LICs)
[24]. However, there was limited research for high-
income countries.

This study aimed to investigate changes in life expec-
tancy, HALE, and disease burden among individuals aged
70 years or above from 1990 to 2019 in industrialised
countries. Additionally, we examined the association of
healthcare performance with life expectancy, HALE, and
disease burden to assess whether the healthcare system
meets the needs of the ageing population in industri-
alised countries.

Methods

Overview of the GBD 2019

We used estimates from the GBD 2019, which provides
estimates for prevalence, incidence, mortality, years of
life lost (YLL), years lived with disability (YLD), and
disability-adjusted life years (DALY) of 369 diseases
and injuries, as well as life expectancy and HALE by
sex, age group, and region from 1990 to 2019 [23]. Dis-
ease and injury causes were aggregated into a four-level
hierarchy, with each level consisting of mutually exclu-
sive causes. Level 1 causes comprise three broad groups:
communicable, maternal, neonatal and nutritional dis-
eases (CMNNs), non-communicable diseases (NCDs),
and injuries. There are 22 causes in Level 2, 174 causes in
Level 3, and 301 causes in Level 4 [23]. In the GBD 2019,
204 countries and territories were included and grouped
into 21 regions [25]. More details on the analytic frame-
work, methods, and data sources used to derive each
measure in the GBD 2019 are described in previous pub-
lications [23, 25]. Briefly, the GBD study used all available
data sources, assessed quality to reduce biases in each
source, applied coherent statistical modelling methods,
and generated estimates with 95% uncertainty inter-
vals (UIs) [23]. Moreover, the GBD 2019 adhered to the
guidelines for accurate and transparent health estimates
reporting (GATHER) [23, 25].
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Data processing and country selection

We used estimates of life expectancy and HALE of those
aged 70-74 vyears, as well as YLL, YLD, and DALY for
those aged 70 years and above. YLD was computed by
multiplying prevalence estimates of specific disease by
their respective disability weights to evaluate morbid-
ity burden [23]. YLL was estimated by multiplying the
number of deaths by the remaining life expectancy at the
age of death, assessing premature mortality burden [23].
DALY was calculated as the sum of the YLD and YLL.
HALE was estimated using the Sullivan method with data
for age-specific mortality rates, prevalence, and disabil-
ity weights [26]. All data by age group were downloaded
from the Global Health Data Exchange [27].

We used the HAQ index to assess performance of the
healthcare system in each country. Developed as part of
the GBD study, the HAQ index is a composite measure
assessing healthcare access and quality for those aged
0-74 years, allowing for comparability across regions.
It is based on mortality-to-incidence ratios (MIRs) and
risk-standardised death rates (RSDRs) for healthcare-
sensitive diseases that could be effectively treated with
proper healthcare services, such as neoplasms and car-
diovascular disease [15]. Scores range from 0 (indicat-
ing the highest MIRs and RSDRs) to 100 (indicating the
lowest MIRs and RSDRs). Additionally, the HAQ Index
values were also calculated for three select age groups:
young (0-14 years), working (15-64 years), and post-
working (65-74 years) population [15]. This study spe-
cifically used the HAQ Index for the post-working age
group (65-74 years). Data of HAQ was obtained from the
Global Health Data Exchange [28].

We selected 33 high-income countries, all members of
the Organization for Economic Co-operation and Devel-
opment (OECD) in 2019, based on the availability data
for life expectancy, HALE, DALY, YLL, YLD, and HAQ
in both 1990 and 2019, along with a population exceeding
one million across the study periods. The 33 countries
included in this study are: Australia, Austria, Belgium,
Canada, Chile, Czech Republic, Denmark, Estonia, Fin-
land, France, Germany, Greece, Hungary, Ireland, Israel,
Italy, Japan, Latvia, Lithuania, Mexico, Netherlands, New
Zealand, Norway, Poland, Portugal, Slovak Republic, Slo-
venia, South Korea, Spain, Sweden, Switzerland, United
Kingdom (UK), and United States of America (USA).

Statistical analysis

We examined changes in life expectancy and HALE
by describing life expectancy and HALE for those aged
70-74 years in the 33 countries in 1990 and 2019. We
also calculated unhealthy years of life (life expectancy-
HALE), and the proportion of unhealthy years of life on
total life expectancy [(life expectancy-HALE)/ life expec-
tancy] [18] for those aged 70-74 in 1990 and 2019. A
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linear regression analysis was conducted to investigate
associations between life expectancy, HALE, unhealthy
years of life, and HAQ in 1990 and 2019. Additionally,
we investigated the association between changes in these
health indicators and changes in HAQ. We also exam-
ined changes in DALY, YLD, and YLL, both in numbers
and rates among individuals aged over 70 years between
1990 and 2019. Furthermore, we analysed associations
between YLD, YLL, and HAQ for each year in 1990 and
2019, as well as correlations in changes among YLD, YLL,
and HAQ from 1990 to 2019.

Results
Life expectancy and HALE for those aged 70-74 years
increased in all industrialised countries from 1990 to
2019 (Fig. 1). In 1990, the three countries with the high-
est life expectancy were Japan (14.9), Switzerland (14.4),
and France (14.4), and the three countries with the low-
est life expectancy were the Czech Republic (10.8),
Hungary (11.1), and Slovak Republic (11.4). In 2019, the
three countries with the highest life expectancy were
Japan (18.6), France (17.7), and Switzerland (17.6), and
the three countries with the lowest life expectancy were
Hungary (13.9), Slovak Republic (14.1), and Latvia (14.2).
Similarly, the country with the highest HALE in both
1990 and 2019 was Japan (10.9 in 1990, 13.7 in 2019), and
the country with the lowest HALE was the Czech Repub-
lic (7.7) in 1990 and Hungary (10.0) in 2019. Regarding
changes in life expectancy and HALE, the country with
the highest increased life expectancy and HALE for three
decades was South Korea (45.3% and 45.9%, respectively),
USA (11.2% and 7.2%, respectively) was the country with
the lowest increased life expectancy and HALE.
Although life expectancy and HALE increased, all
industrialised countries showed increases of unhealthy
years of life from 1990 to 2019. In 1990, the three coun-
tries with the highest unhealthy years of life were the
USA (4.6), Switzerland (4.0), and Italy (4.0), and the three
countries with the lowest unhealthy years were Estonia
(3.0), Slovak Republic (3.1) and Ireland (3.1). In 2019, the
three countries with the highest unhealthy years of life
were the USA (5.6), Australia (5.1) and Canada (5.0), and
the three countries with the lowest unhealthy years of life
were Latvia (3.8), Slovak Republic (3.8), and Lithuania
(3.9). The country with the highest increase in unhealthy
years of life during the study period was South Korea (1.3
years, 40.6%), and the country with the lowest increase in
unhealthy years of life was Mexico (0.4 years, 10.3%). The
country with the highest proportion of unhealthy years
of life in 1990 and 2019 was the USA (32.3% in 1990 and
34.9% in 2019), and the country with the lowest propor-
tion of unhealthy years was Israel (25.4%) in 1990 and
Estonia (26.1%) in 2019. There were fewer differences in
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the proportion of unhealthy years of life between 1990
and 2019 (See supplementary Table 1).

We found significant associations between the HAQ
index and each life expectancy and HALE for those
aged 70-74 years in 1990 and 2019 (Fig. 2). More-
over, increases in HAQ were significantly associated
with higher life expectancy and HALE. The associa-
tion between unhealthy years of life and HAQ was also
observed. In particular, South Korea experienced the
most significant increase in HAQ with high increases in
life expectancy and HALE but also showed the highest
unhealthy years of life.

Table 1 shows DALY numbers and rates in 33 industri-
alised countries between 1990 and 2019 and the percent
change from 1990 to 2019. All industrialised countries
except Norway showed increased DALY numbers with
varying percent changes from —1.1 to 165.2%. Norway
was the only country with reductions in DALY numbers
from 545430.0 (95% Ul 511679.0-582619.8) in 1990 to
539345.6 (95% UI 495094.4-589737.6) in 2019. How-
ever, all countries had reductions in DALY rates between
1990 and 2019. South Korea was the country that showed
the highest decrease in DALY rates from 129165.4 (95%
Ul 122679.5-136199.9) in 1990 to 74713.6 (95% UI
68282.8—-81757.7) in 2019 while the USA experienced
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the least decrease in DALY rates from 108304.3 (95% Ul
100919.3-166446.4) in 1990 to 95798.4 (95% UI 88012.6—
104067.7) in 2019.

Table 2 shows YLD and YLL numbers and rates in 33
industrialised countries in 2019 and percent change from
1990 to 2019. As most countries showed increases in
DALY numbers, YLD and YLL numbers also increased.
However, percent changes were much greater in YLD
numbers than in YLL numbers. Remarkably, in Norway
where DALY numbers decreased from 1990 to 2019,
YLD numbers increased by 35.1% while YLL numbers
decreased by 13.3%. Regarding changes in YLL and YLD
rates, decreases in DALY rates could be explained by the
reduction in YLL rates since percent changes in YLD
rates were lower than percent changes in YLL rates. For
example, South Korea showed the highest reduction in
DALY rates (Table 1). Percent changes in YLL rate was
-51.9% (95% UI —53.5 to —50.2), which was far higher
than percent change in YLD rate (—4.4%, 95% Ul —6.8 to
-2.3).

Figure 3 shows association between YLD and YLL for
those over 70 years and HAQ in 1990 and 2019. There
were significant associations between YLL and HAQ in
1990 and 2019. However, associations between YLD and
HAQ were not statistically significant. Similarly, increases
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Table 1 DALY numbers and rates per 100,000 people for adults 70 years and older in 33 industrialized countries between 1990 and
2019 and percent change from 1990 to 2019

Country DALY numbers (95% Ul) DALY rates (95% Ul)
1990 2019 Percent 1990 2019 Percent
change (%) change (%)
Australia 1288134.1 2216097.9 720 106463.0 79180.9 —256
(1206368.1-1377875.8)  (2021816.8-2425233.8)  (66.9t0 77.0)  (99705.1-113880.1) (72239.2-86653.3) (—27.8t0—23.5)
Austria 893240.7 1029559.9 153 116949.9 83691.1 —284
(840728.7-950505.8) (946480.2-1123340.3) (119t0183) (110074.7-1244475)  (76937.7-91314.3)  (—30.5t0 —26.5)
Belgium 117975.7 1383960.1 238 116223.0 88864.7 -235
(1053745.6-1,188,763) (1276941.1-1502207.7)  (204t027.1)  (109545.7-123581.9)  (81992.9-96457.4) (—25.6t0—21.5)
Canada 2036055.1 35864094 76.1 1012344 797654 -212
(1,903,407-2180849.1) (3287725.6-3907701.5)  (7211t080.3)  (94639.0-108433.6) (731224-86911.3) (-23t0—194)
Chile 618190.5 1243459.7 1011 115854.5 86235.7 -256
(584874.1-657252.0) (1146449.0-1351034.8)  (95.0t0 107.0) (109610.7-123175.0)  (79507.9-93696.2) (—27.8to —23.4)
Czech Republic  1241152.9 1421659.5 14.5 155846.4 96932.8 -37.8
(1180902.7-1304974.8)  (1233209.1-1624636.7)  (2.0t028.3) (148281.1-163860.3)  (84083.7-110772.3) (—44.6to —30.3)
Denmark 658119.8 706944.5 74 117584.0 86143.8 —26.7
(619802.9-698637.7) (653011.4-763,341) (43t0105) (110738.1-124823.2)  (79571.9-93,016) (—289to —24.6)
Estonia 164774.3 177738.0 79 138869.8 96415.3 -30.6
(156581.8-173837.7) (151296.5-206020.8) (-6.7t023.7) (1319653-1465083)  (82071.9-111757.5) (=39.91t0—-204)
Finland 530160.6 721009.8 36.0 1160004 81610.3 -29.6
(498735.2-565247 4) (659,559-787624.2) (31.1t040.6) (109124.4-1236774)  (74654.7-891503) (—32.2to—27.3)
France 53487355 71590289 338 102491.7 758328 -26.0
(5002163.1-57373774)  (6549804.5-7828901.5)  (30.3t037.0) (95850.7-109938.8) (69379.5-82928.5) (—28to—24.2)
Germany 97329224 12026306.5 236 120467.3 907004 —24.7
(9201324.3-10322332.7)  (11099031.6-13013426.3) (20.5t026.8) (113887.6-127762.6)  (83707.1-98145.1)  (-26.6t0 —22.8)
Greece 10493384 1576759.8 50.3 110523.1 91826.6 -16.9
(988860.7-1115031.5) (1465255.8-16932885)  (46.9t053.5) (104153.1-117442.3)  (85332.9-98613.0) (-18.8to—15.1)
Hungary 1269512.0 14123483 1.3 1499104 108228.1 -27.8
(1208272.5-1337644.8)  (1238533.7-1601204.0) (-0.3t024.0) (142678.9-157955.9)  (94908.7-122700.1) (-35.3t0—19.5)
Ireland 3425508 4040909 18.0 1275203 83795.7 —343
(325482.7-361766.6) (372048.1-438929.2) (13.5t0225) (1211664-134673.7)  (77151.0-91020.0) (—36.8t0—31.8)
Israel 317,949 582415.2 83.2 104376.1 77746.1 —255
(299097.6-339320.1) (534387.8-633148.8) (77910 883) (98187.6-111391.8) (71,335-84518.5) (=27.6t0 —23.4)
[taly 6012966.4 8513160.8 416 108556.9 82720.6 -238
(5623266.4-6439360.7)  (7807182.8-9313120.1)  (38.6t044.5) (101521.4-116255.0)  (75860.8-90493.6) (—25.4t0—22.2)
Japan 9085567.9 19271440.8 112.1 91909.7 69906.0 -239
(8463529.5-9781967.8)  (17563950.0-211744119) (107.1 to (85617.2-98954.5) (63712.2-76808.9) (=25.7t0—-22.2)
117.0)
South Korea 1641621.5 39245252 139.1 1291654 74713.6 —42.2
(1559189.0-1731026.0)  (3586732.1-4294536.4)  (128.7to (122679.5-136199.9)  (68282.8-81757.7) (—44.7t0 —39.8)
149.0)
Latvia 2852634 297603.8 43 137167.3 105787.0 -229
(270737.2-301548.5) (262732.5-339062.9) (-59t016.8) (130182.5-144,998) (93391.5-120524.2) (—30.4to—13.7)
Lithuania 3226619 409645 .4 27.0 126594.3 1023824 -19.1
(304997.0-342374.0) (357036.8-465966.2) (133t042.1) (119663.6-1343283)  (89234.0-116458.7) (—27.91t0 —9.5)
Mexico 2356507.3 6250478.5 165.2 112261.0 98134.7 -126
(2206884.6-2522506.9)  (5601235.1-6947975.8) (1434 to (105133.1-120,169) (87941.3-109085.6) (—19.8t0 —54)
186.9)
Netherlands 14111626 2001021.0 41.8 109815.3 85904.5 -21.8
(1327405.6-1500714.6)  (1850004.7-2161649.5)  (380to454) (103297.4-116784.2)  (794213-92800.3) (-23.8t0—19.8)
New Zealand 2777369 431363.3 553 1122556 83208.7 -259
(260494.7-296223.9) (395144.1-470330.6) (51.1t059.2) (105286.7-119727.7)  (76222.1-907254) (—27.9to—24.0)
Norway 545430.0 5393456 =11 111636.2 82718.1 -259
(511679.0-582619.8) (495094.4-589737.6) (-3.7t0 1.3) (1047282-119248.1)  (75931.4-90446.6) (—278t0—24.1)
Poland 3328426.0 42754787 28.5 1381284 97156.1 -29.7
(3160318.5-3512520.6)  (3794588.2-47938213)  (16.5t040.9) (131152.0-1457682)  (862283-108934.9) (-36.2t0 —22.8)
Portugal 1056917.2 1462739.6 384 1224929 85798.1 -30.0
(999025.9-1117863.4) (1348230.6-1585297.7)  (34.2t0425) (115783.5-129556.4)  (79081.4-92986.8) (—32.1t0—27.9)
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Table 1 (continued)
Country DALY numbers (95% UI) DALY rates (95% Ul)
1990 2019 Percent 1990 2019 Percent
change (%) change (%)
Slovak Republic 4712576 580299.9 23.1 142580.1 103,182 -276
(447987.3-495870.2) (497141.6-673575.2) (7.3t040.7) (135539.7-150026.7)  (88395.8-119767.1) (-37.0to—17.3)
Slovenia 1777111 254566.5 432 130905.3 88632.7 -323
(151037.5-208942.1) (215771.1-298765.3) (1521073.9) (111257.0-1539106)  (75125.3-104021.5) (-45.5t0—-17.8)
Spain 3605739.0 53613716 48.7 104632.8 80906.1 —22.7
(3380715.3-3850669.5)  (4921733.4-5839042.8) (449t0524) (98103.0-111740.3) (742717-88114.4) (=246 1t0—20.7)
Sweden 1141144.6 1244112.2 9.0 104444.0 80899.1 -22.5
(1071043.8-1221133.6)  (1144042.9-1354071.3) (65t011.4) (98027.9-111765.0) (74392.1-88049.3)  (—24.3t0—20.9)
Switzerland 7156386 903498.5 26.3 102513.8 75559.8 -263
(668188.3-767641.1) (823753.1-991460.8) (22.7t029.8)  (95716.7-109963.1) (68890.6-82916.1)  (—284to—24.2)
UK 72712044 78391623 7.8 117015.2 89296.9 —23.7
(6868185.9-7718284.8)  (72463933-8483134.8) (5.41t0 10.1) (110529.4-124210.0)  (82544.6-96632.5) (—25.410—22.0)
USA 231134201 34444796.3 49.0 108304.3 957984 -11.5
(21537371.3-24851044.2) (31645372.0-37418073.0) (46.6to51.1) (100919.3-116446.4)  (88012.6-104067.7) (—13.0to—10.3)

in HAQ were significantly associated with decreases in
YLL (p-value<0.001), whereas changes in HAQ were not
associated with changes in YLD (p-value=0.10).

Discussion

Main findings

In this study, we observed a marked increase in life expec-
tancy and HALE among individuals aged 70-74 years in
33 industrialised countries. These increases were strongly
related to the HAQ index between 1990 and 2019. How-
ever, we observed an increase in unhealthy years of life
alongside an increase in HAQ index during the same
period. There was an overall reduction in DALY rate and
the decreases in YLL rates were more pronounced com-
pared to that in YLD rates. However, there were increases
in DALY numbers, among which increases of YLD were
more pronounced than those of YLL numbers between
1990 and 2019. Regarding the association between YLD
or YLL rates and HAQ index, we found that the YLL rate,
but not YLD, was related to HAQ index in 1990 and 2019.

Interpretation and policy implications

Our findings showed an increase in life expectancy and
HALE among individuals aged 70-74 years across all
industrialized countries over the three decades. This is
in affirmation of a previous study [3]. As socioeconomic
development and promoting health behaviour are related
to mortality and life expectancy, these may also account
for changing life expectancy and HALE [29-32]. Further-
more, another possible explanation for increases of both
life expectancy and HALE might be related to improve-
ment in performances of healthcare systems because our
findings showed enhanced healthcare performances for
older people across the last three decades [15] and signif-
icant associations between life expectancy or HALE and
HAQ in both 1990 and 2019, as well as between changes

in life expectancy or HALE and changes in the HAQ
index.

Although HALE for individuals aged 70-74 vyears
increased with the improvement of life expectancy,
unhealthy years of life also increased during the study
period despite an increase in the HAQ index. Prog-
ress in medical care might explain the declining prema-
ture mortality and increased survival among weak older
people [12], potentially leading to an extended period of
living with poor health. Our findings demonstrated that
decreases in DALY rates were mainly attributed to reduc-
tions in YLL (premature mortality burden). However,
patterns of YLD rates were stable or increased in some
countries. Notably, YLD numbers substantially increased
in almost all countries. These changes in YLD were
largely driven by an increased prevalence rate for chronic
diseases and an ageing population [33].

Our findings showed strong evidence of associations
between YLL rates for individuals aged over 70 years and
HAQ index for the post-working population between
1990 and 2019, but no statistical evidence of association
between YLD and HAQ. Over the three decades, the
HAQ might have been associated with improved health-
care performance in acute care. Particularly, South Korea
showed the most significant rises in life expectancy and
HALE due to improvements of healthcare system per-
formance. However, this was coupled with considerable
increases in unhealthy years of life. According to OECD
Health Statistics, healthcare utilisation and access in
South Korea ranked highest among OECD countries
[34]. This extensive healthcare utilisation and access may
contribute to reduced mortality rates. However, some
indicators reflecting the quality of primary care, such as
hospital admission rates of chronic conditions like hyper-
tension or diabetes, were below than the OECD average
[34]. Moreover, healthcare expenses for chronic disease



Choi et al. BMC Public Health (2024) 24:576 Page 8 of 12

Table 2 YLD and YLL numbers and rates per 100,000 people for adults 70 years and older in 33 industrialized countries between 1990
and 2019 and percent change from 1990 to 2019

Country YLD (95% UI) YLL (95% Ul)
Numbers in 2019 Percent Ratesin 2019  Percent Numbers in 2019 Percent Rates in Percent
change (%) change change (%) 2019 change
(%) (%)
Australia 800327.6 137.0 28595.6 24 1415770.3 49.0 50585.3 -356
(608604.1— (1320to (21745.3- (0.3to4.6) (1391792.9-1,441,424) (46.2t0 (49728.6— (-36.8t0
1008490.1) 141.9) 36033.2) 51.8) 51501.9) —34.4)
Austria 3352188 614 272493 0.2 694341.1 1.3 564418 -37.1
(252910.6— (585t064.5) (20558.7- (-16t022) (683834.8-705509.5) (=0.5t03.0) (55587.7— (-382to
428395.5) 34823.5) 57349.6) —36.0)
Belgium 437514.6 68.5 28,093 4.1 946445.5 10.3 60771.7 -319
(331741.0- (655t071.7)  (21301.2— (2.2t06.0) (929346.0-964661.3) (8.2t012.5) (59673.7- (=33.2to
556282.5) 35719.1) 61941.3) —-30.5)
Canada 1246859.0 1299 277314 29 2339550.3 56.6 52034.0 -299
(946275.7— (1246to (21046.1- (05t05.2) (2313913.4- (54.8to (51463.8—- (-=30.8to
1565869.5) 135.3) 34826.5) 2366460.9) 58.6) 52632.5) —29.1)
Chile 383900.5 182.0 26624.1 43 859559.1 783 59611.7 -34.0
(288168.4— (176.0to (19984.9- (21t06.5) (840579.3-8797084) (74.2to (58295.4— (=355t0
489,239) 187.8) 33929.4) 82.5) 61009.1) —32.5)
Czech Republic 4235455 80.7 28878.5 -19 998114.0 -09 68054.2 —46.2
(319055.3- (763t085.1)  (21754.1- (-43t005) (851839.1-1167477.2) (-153t0 (58080.8— (-54.0to
540318.6) 36840.5) 15.3) 79601.9) —374)
Denmark 2128953 414 259421 -36 494049.2 =27 60201.8 -336
(161601.1- (382to444) (19691.7- (=5.7to (481834.6-507046.2) (-5.2t00) (58713.4- (-353to
269377.9) 32824.7) -1.5) 61785.5) -31.8)
Estonia 47985.6 52.7 26030.1 -1.7 1297524 =27 70385.1 -374
(36186.5-61427.5) (49.5t0559)  (19629.6- (—38t00.3) (1075854-154413.5) (-19.8to (58360.5— (—484to
33321.8) 16.1) 83762.7) —25.3)
Finland 2370782 92.2 26834.6 -0.6 4839316 19.0 54775.7 —385
(178074.6— (885t096.2) (20156.1- (=25t0 1.5) (470270.6-4986914) (154+to (53229.4- (—403to
303670.2) 34372.1) 22.7) 56446.3) —36.5)
France 24114954 757 25544.0 -29 4747533.5 194 50288.8 -34.0
(1815627.3—- (71.8t0799) (19232.2- (-5.1to (4675570.1- (175to (49526.5— (—350to
3081988.2) 32646.3) —-0.5) 4823307.8) 21.4) 51091.4) —-32.9)
Germany 3679062.7 69.2 27746.9 3.1 8347243.8 104 62953.5 -32.7
(2777284.8- (66.0to724)  (20945.8- (1.1to5.1) (8226934.1- (88t0122) (62046.2— (—33.7to
4,655,304) 35109.5) 8491260.2) 64039.7) —-31.6)
Greece 453860.5 85.2 26431.7 24 1122899.2 39.6 65394.9 -22.8
(343180.3- (815t089.3) (19,986- (03to4.7) (1101426.3- (36.8to (64144.4— (—243to
570214.7) 33207.9) 1146173.7) 42.7) 66750.3) =21.1)
Hungary 3652213 455 27986.9 -56 1047127.0 2.8 80241.3 -333
(276,247- (426t0484) (21168.8- (-=74to0 (902091.0-1212968.3) (—11.7to (69127.2— (-42.7to
464665.6) 35607.3) -3.7) 18.9) 92949.7) —22.8)
Ireland 127399.7 84.6 26418.7 29 2766913 1.1 57377 —43.7
(96499.8- (81.2t0884) (20011.0- (09t04.9) (268627.7-285364.5) (-2.1to4.3) (55704.9- (-45.5to
160819.5) 33348.9) 59175.6) —41.9)
Israel 188767.2 150.2 251984 1.8 393648.1 62.3 52547.8 -34
(142342.9- (1458to (19001.2— (—-0.1t03.8) (3852454-402727.0) (58.2to (51426.1- (—35.7to
239556.9) 155.2) 31978.3) 66.4) 53759.7) —324)
ltaly 2868166.1 81.8 27869.4 -22 5644994.8 27.3 54851.2 -315
(2164905.6— (795t084.0) (21035.9- (-34to (5595190.0-5,692,949) (26.1 to (54367.3—- (-32.1to
3654619.3) 35511.2) -1.0) 284) 55317.2) -30.9)
Japan 6999940.3 176.5 253919 -09 12271500.5 87.2 445141 -329
(5,288,503— (1719to (19183.7— (-25t009) (12155959.1—- (854+to (44,095- (-335to
8909147.7) 181.5) 32317.4) 12388599.7) 89.2) 44938.9) -32.2)
South Korea 74683.8 2952 26547.3 —4.4 2596875.1 98.9 79239.7 =519
(56401.5-95311) (2854 to (20048.6— (-6.8to (2511864.7— (92.2to (69,579— (=535to

304.0) 33879.5) -2.3) 2685850.9) 105.9) 91519.9) -50.2)
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Table 2 (continued)
Country YLD (95% UI) YLL (95% UI)
Numbers in 2019 Percent Ratesin 2019  Percent Numbers in 2019 Percent Rates in Percent
change (%) change change (%) 2019 change
(%) (%)
Latvia 106756.9 30.2 26681.7 -3.8 2229200 -22 75700.7 —27.7
(80,686-136080.5) (27.7t0324) (20165.8— (-56to (195742.1-257467.1) (=144 1o (65140.4- (—36.7 to
34010.5) -2.1) 13.4) 87260.9) -16.1)
Lithuania 1780685.2 529 279574 —26 3028884 19.8 701773 —23.7
(1343921.7- (50.2t0 55.5)  (21100.0- (-43to (260635.2-349142.2) (281t038.7) (62430.8- (—345to
2263409.1) 35536.3) -0.9) 78104.4) -11.6)
Mexico 621841.7 189.9 26695.9 —4.5 4469793.3 156.6 59208.6 -154
(474634.6— (186.2 to (20376.2— (-5.7to (3976396.0—- (127.8 to (57976.4— (—249to
779924 3) 193.6) 33482.4) -32) 4974694.1) 186.0) 60,527) -5.7)
Netherlands 145660.5 87.0 28097.5 3.2 13791794 279 55111.2 —29.5
(110195.1- (828t091.7) (21256.3—- (08t05.8) (1350475.7- (25.1to (54271.9- (-31to
185346.9) 35752.9) 1409888.7) 30.8) 55949.6) —27.8)
New Zealand 185580.9 108.7 28462.1 —-04 285702.8 374 54256.0 —344
(140426.2— (105.2 to (21536.8—- (—=21to 1.1) (281351.7-290049.2) (35.0to (53411.6— (—356to
236130.6) 111.8) 36214.8) 39.9) 551174) -33.2)
Norway 1182606.5 351 26873.6 1.2 353764.7 —-13.3 70282.5 -350
(896,504— (334t0369) (20372.2- (0-2.6) (348259.0-359380.9) (-149to (61210.6— (—36.2to
1511103.8) 343384) -11.7) 79714.9) -33.8)
Poland 457981.5 75 26863.2 —4.2 3092872.2 16.6 58934.8 —36.2
(345674.9- (726t0772) (20275.8- (=55to (2693652.9- (1.7t032.1) (57767.9- (—443to
581132.6) 34086.8) -3.0) 3507958.6) 60176.8) -27.7)
Portugal 1327650.0 95.9 252753 -0.8 1004758.1 22.1 494383 —38.2
(997,793- (91.5t0 100.1) (18995.6— (—=3.1t0 1.3) (984864.0-1025932.7) (19.5t0 (47819.9- (—395t0
1683477.3) 320494) 24.8) 51132.2) -36.8)
Slovak Republic  150165.8 66.8 26700.7 -2 430134.1 12.8 76481.3 -337
(113606.5—- (63410700  (20200.1- (-40to (357330.1-5141152)  (-6.0to (63536.2— (—44.8to
192046.9) 34147.5) -0.1) 34.4) 91413.8) -21.0)
Slovenia 814138 1054 283459 -29 173152.7 254 60286.7 —40.7
(61462.1- (1014t0 109)  (21399.3—- (—48t01.2) (1418784-213360.0) (-6.6t0 (49398.0—- (-55.8to
103835.8) 36152.6) 634) 74285.8) —22.8)
Spain 17889704 94 26996.5 0.9 3572401.2 331 53909.5 -30.8
(1351853.3—- (89.6t098.8)  (20400.2—- (-141t034) (3516725.0- (31.1to (53069.3— (-318to
2259792.7) 34101.5) 3631803.4) 354) 54805.9) -29.6)
Sweden 408366.9 44.2 26554.3 24 8357453 -26 54344.8 -30.8
(309393.4- (42.1t046.5) (201185- (09to4.1) (826132.5-846262.8) (-39to (53719.8- (-=31.7to
519287.3) 33767.0) -1.1) 55028.7) -29.7)
Switzerland 317696.8 65.5 26569.0 -34 585801.8 1.9 48990.7 -34.7
(240207.2— (622t068.7) (20088.6— (=53 to0 (573880.0-598605.3) (94to 144) (47993.7- (—36.1to
406,063) 33959.1) -1.5) 50061.5) -33.2)
UK 2425735.7 47.0 27631.9 4.1 5413426.6 —-3.7 61665.1 -3138
(1836344.8— (4521t0489) (20918.0- (28t054) (5369819.5— (-45t0 (61168.3—- (=324to
3091298.9) 35213.4) 5459659.3) -2.8) 62191.7) -31.2)
USA 12223406.7 814 339959 7.7 22221389.7 357 618024 —-195
(9451188.3- (784t084.7) (26285.8— (59t09.7) (22063859.1— (34.7 to (61364.3— (=20.0to
15217980.1) 42324.5) 22382036.8) 36.7) 62249.2) -18.9)

constituted 85.0% of the total medical costs [35]. It is
imperative to focus more on further reducing morbidity
or disability caused by chronic disease.

As high-income countries have experienced fast pop-
ulation ageing in recent years, healthcare systems are
poised to face several challenges. With the burden of dis-
eases likely to persist and additional years spent in poor
health increasing, healthcare needs and expenditures
substantially increase [36]. This suggests a considerable

healthcare burden and also great economic and social-
related burden [37, 38]. Therefore, an age-friendly health-
care system needs to be reorganised and modified better
to meet needs of the increasing number of older adults
[33].

Strengths and limitations of this study
This research has some strengths. By analysing data
from 33 industrialised countries, it provides evidence
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Fig. 3 Association between YLD and YLL rates for those aged over 70 and HAQ Index from 1990 to 2019

regarding changes in life expectancy and HALE for older
people, and their association with healthcare access
and quality. Furthermore, it highlights the association
between differences in HAQ for the post-working popu-
lation and burden of diseases indicated by YLL and YLD
between 1990 and 2019.

This study also has several limitations. Since this study
used data from the GBD 2019, it had general limitations
of the GBD 2019 as described previously [39]. One such
limitation was a variation in data quality, where the GBD
2019 gathered primary data from registration, vital sta-
tistics, and survey for each age and country. However,
estimates for certain age groups and countries lack-
ing sufficient primary data heavily relied on modelling,
resulting in considerable uncertainty intervals. Secondly,
prior research highlighted limitations of the HAQ Index
[15]. In particular, it cannot separate specific character-
istics of healthcare access or quality, such as differentiat-
ing quality from other care or estimating the influence
of acceptability or cultural barriers [15], suggesting the
HAQ may not capture healthcare system in some areas.
For example, an increased disease burden may be related
to greater access to healthcare among older people.
However, if well controlled, it can have a relatively small
impact on quality of life. Further investigation would be
necessary, considering factors that the HAQ may not
capture. Thirdly, fluctuations in life expectancy, HALE,
and disease burden over the three decades might have
occurred. However, our analysis was based on data from

only two time points, which limited our investigation
into comprehensive changes in life expectancy, HALE,
and burden of diseases for individuals aged over 70 years.
Last, our study did not cover a different range of other
factors contributing to healthy aging, such as environ-
ments, life-course factors, and well-being [40], and vari-
ous causes of disease, although the GBD 2019 provided
estimates for some risk factors and causes of disease
that could be potentially associated with disease burden.
Particularly, an age-friendly social and community envi-
ronment, including broader social services, systems and
policies, socioeconomic development, as well as social
relationships, may play an important role in promoting
healthy ageing [40], suggesting that these factors may
account for differences in good health status of older
adults across countries.

To achieve healthy aging, a concentrated effort may be
required to address the research and knowledge gaps.
For example, the World Health Organization reported
a plan for the Decade of Healthy Ageing (2021-2030),
which includes four areas of action: age-friendly environ-
ments, combating ageism, integrated care, and long-term
care [41]. Thus, further investigation is needed to better
understand the association between disease burden and
the healthcare system while accounting for those factors.
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Conclusions

Life expectancy and HALE showed an upward trend
across all industrialised countries over the three decades,
indicating improved performance of healthcare systems.
However, despite these gains, there was an increase in
unhealthy years of life, suggesting a sustained morbidity
burden among the ageing population. This highlights the
potential necessity of enhancing the healthcare system to
effectively address the healthcare burden for the ageing
population. We might need to develop and implement
targeted public health strategies for alleviating disability
and improving functional ability with a flexible ageing-
friendly healthcare system.
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