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Abstract
Purpose The improvement of the quality of life (QoL) is re�ected in the narrowing of the GAP between health-adjusted life expectancy
(HALE) and life expectancy (LE). Less is known about the effect that the expansion of megacities may have on narrowing the gap. The
purpose of this study was to disclose this potential relationship.

Methods Annual life tables were constructed from identi�ed death records and population counts from multiple administrative sources
in Guangzhou, China, 2010-2019. Joinpoint regression was used for evaluating the time trends and global Moran’s  and local Moran’s 
was used for evaluating spatial autocorrelation at the county-level during the entire study period. Generalized principal component
analysis and multilevel models were used to examine the county-level association between the GAP and socioeconomic, health
services, population structure, and population dynamics.

Results From 2010 to 2019, LE increased by 2.8 years (2.8 years for males and 2.9 years for females) and total HALE increased by 2.4
years (2.5 years for males and 2.2 years for females). The counties with higher or lower LE, HALE, and their GAP were presented spatial
agglomeration distribution characteristics. The central city and the neighboring counties had higher LE and HALE, and lower GAP. The
ratio of male to female and the natural population growth rate were positively correlated with the GAP, while the gross domestic product
per area, the density of resident population, the number of practicing (assistant) physicians per thousand, the number of hospital beds
per thousand, the per capita disposable income, the ratio of child to old people, the net migration rate and the total migration rate were
negatively correlated with the GAP.

Conclusion In megacities, LE and HALE were higher and their GAP was lower in the central city than in the urban fringe. Socio-economic
and health services were key to narrow the GAP. The widening GAP can be explained by a high proportion of females and old people,
who were longevity but unhealthy. Population density within the urban carrying capacity produced a positive effect on narrow the GAP,
and these were attributed to the healthy immigrant effect.

Introduction
Advances in public health and rapid developments in socio-economic and medical technology have brought a dividend of life1, 2, with
steady improvements in global health over the past 30 years3. Global Life Expectancy (LE) at birth rosed to 73.5 years in 2019 from
67.2 years in 20004. However, longer survival does not equate to a better Quality of Life (QoL)5. After accounting for population growth
and aging, chronic non-communicable diseases carry a greater burden than acute infectious diseases, and the pattern of disability
shifts from traditional congenital disability or physical disorders to mental and behavioral disorders6. A large number of medical
resources are consumed by non-lethal chronic non-communicable diseases and disabilities, while LE does not fully re�ect their impact
on the health of the population. That is, the LE is no longer able to comprehensively evaluate the health of the human life cycle or to
assess the effectiveness of health interventions strategies. To measure how long a population can live without disease or disability, the
concept of Healthy Life Expectancy (HLE) has been proposed7. HLE is divided into Health State Expectancy (HSE) and Health-Adjusted
Life Expectancy (HALE)8. HSE is not a comprehensive measure of health because it only focuses on survival time in a speci�ed state of
health (such as without disability and being able to live independently). HALE compensates for the limitations of HSE by weighting all
causes and sequelae based on LE. HALE has been used as a comprehensive indicator for monitoring changes in the health of
populations in the Global Burden of Diseases Study (GBD). Globally, HALE at birth increased from 58.6 years in 2000 to 63.5 years in
20194. The difference between LE and HALE re�ects the number of years populations have lived in a state of diseases or disability, a
larger difference indicates a longer life in an unhealthy state and lower QoL. Not only improving LE and HALE but also focusing on
narrowing their gap, is the goal of the global health �eld. Some studies have mentioned the gap and called the indicator LE-HALE9, 10,
but there are few in-depth analyses of it11, particularly whether the phase of unprecedented urbanization since the 20th century has
narrowed it.

Megacities are de�ned as cities with more than 10 million inhabitants12. Globally, the number of megacities is projected to rise from 33
in 2018 to 43 in 203012. The rapid growth in the number of megacities and the huge population size of existing megacities will create a
large number of environmental and social problems, which will reduce the QoL and create great challenges and opportunities for
sustainable development in the future13–17. While focusing on the related factors that can explain health inequalities will provide
important information for realizing more equitable population health18–22, less is known about the effect that the expansion of
megacities may have on narrowing the gap between LE and HALE (GAP). Besides, local characteristics were not taken into account in
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previous studies on the relationship between health inequalities and socioeconomic levels23. China which houses six of the world's 33
megacities and more than any other country, may provide compelling evidence. Deepening Reform of Medicine and Healthcare System
was launched in China in 2009, to make China capable of providing basic medical services to all its citizens by 202024, 25. This follows
several rounds of reform in the Chinese medicine and healthcare system, with remarkable achievements and rapid transition of the
health of Chinese citizens26. In China, LE at birth rosed to 77.6 years in 2019 from 68.1 years in 1990, and HALE at birth increased to
68.4 years in 2019 from 60.4 years in 19904. Guangzhou is one of the six megacities in China and a very important world city that links
major economic regions and states into the world economy27, known as China's southern gate to the world. As a representative
international metropolis at the forefront of reform, Guangzhou has become the epitome of China. From 1978 to 2015, the annual
growth rate of urban expansion in Guangzhou reached 8.07%, ranking second among the six megacities in China28. During the 35 years
from 1979 to 2013, this megacity experienced four urban expansion stages (low rates, increased rates, high rates, and steadily
increased rates) and three urban growth models (edge-expansion growth, in�lling growth, and spontaneous growth), and is still
developing, which has had a signi�cant impact on the urban spatial pattern and the direction of urban development29. Examining LE,
HALE, and their GAP by county allowing for tracking spatial-temporal distribution and assessing factors related to these disparities,
which has important implications. In particular, policies and programs that aiming to achieve healthy and sustainable future cities have
the potential to narrow the GAP in all locations, especially those currently most disadvantaged, consequently reducing health
inequalities.

In the light of the above, this study mainly has the two speci�c objectives as follows. Firstly, to generate annual estimates of LE, HALE,
and their GAP of all districts of Guangzhou, China, 2010–2019, and analyze their spatial-temporal distribution. Secondly, to assess the
extent to which variation in the GAP is explained by variation in socio-economic, health services, population structure, and population
dynamics.

Methods
Study Area and Data Sources

Guangzhou is located in the south of China, on the lower reaches of the Pearl River and near the South China Sea. It covers an area of
7,500 km2 and is composed of 11 districts. By the end of 2019, the number of inhabitants of Guangzhou was about 15.3 million. The
datasets of all-cause deaths were obtained from Guangzhou Center for Disease Control and Prevention, covering all districts of
Guangzhou from 2010 to 2019. Before 2015, the divisions of districts in Guangzhou were different from the present. Luogang District
used to be independent and has been merged into Huangpu District. Therefore, we combined the datasets of Luogang and Huangpu
District from 2010 to 2014. The datasets of all-cause deaths were mainly based on the death cases reported by the Chinese National
Cause of Death Registration and Reporting Information System and integrates the data from the Statistics Information Center of
Guangzhou Health Bureau, Guangzhou Public Security Bureau, and Maternal and Child Health Department. All of the causes of death
were originally coded by the International Classi�cation of Diseases (ICD-10), with duplicate data cleared. The cases with logic errors
were reviewed one by one, the root cause of death was veri�ed according to the multiple causes of death and demographic information,
and the ICD-10 code was corrected and con�rmed. The registered population datasets from 2010 to 2019 were obtained from the
Guangzhou Public Security Bureau. The indexes of socio-economic, health services, population structure, and population dynamics of
all districts of Guangzhou were obtained from the Statistical Yearbook of Guangzhou from 2011 to 2020 published by the Guangzhou
Statistics Bureau30. Open-access data of GBD is available from the Global Health Data Exchange website 31. This study complies with
the Guidelines for Accurate and Transparent Health Estimates Reporting (GATHER) statement.

Life expectancy, health-adjusts life expectancy, and their GAP

Abridged life tables for 2010-2019, which were prepared by previous research32, were calculated for the 19 standard age groups by sex.
The �rst two age groups in the abridged life table are < 1 years and 1-4 years. After that, the age groups are divided according to the
standard of �ve years, and the last age group is > 85 years, which is open. Method to estimating HALE was developed by GBD and WHO,
and details are in the appendix. Data management and compilation of annual life tables to calculate LE, HALE, and their GAP was
completed using Microsoft Excel 2019 (Microsoft Corporation, Redmond, Washington).

Spatial-temporal analysis
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JoinPoint regression analysis was used to estimate the Annual Percentage Change (APC), the Average Annual Percentage Change
(AAPC), and the corresponding 95% Con�dence Interval (CI) for each trend segment of LE and HALE during the 10-year study period to
examine temporal trends33. The analysis was conducted using the Joinpoint trend analysis software, version 4.8.0.1 (National Cancer
Institute, USA). To evaluate the spatial distribution patterns of median LE, HALE, and their GAP during the 10-year study period, the
spatial autocorrelation at the county-level in Guangzhou was examined based on the global Moran’s  and local Moran’s  estimated by
R software, version 4.1.0 (R Foundation for Statistical Computing, Vienna, Austria). The spatial distribution maps were drawn by using
ArcGIS software, version 10.8.1 (Environmental Systems Research Institute Inc, Redlands, CA), and GeoDa software, version 1.16.0.16
(University of Chicago Center for Spatial Data Science, USA).

Correlation analysis

A multilevel model, with the annual county-level GAP of all districts of Guangzhou as the dependent variable from 2010 to 2019, was
used to analyze the direction and strength of the relationship between the GAP and socio-economic, health services, population
structure, and population dynamics. Panel datasets of all districts of Guangzhou from 2010 to 2019 are composed of original
variables covering the above four dimensions, which are considered the general survey main indicators of development level for China,
covering the above four dimensions, and new variables are calculated based on the original variables: a) Ratio of male to female =
number of male / number of female; b) Ratio of child to old people = number of young people aged 14 and below / number of old
people aged 60 and above; c) Natural population growth rate = birth rate - death rate; d) Gross domestic product per area = gross
domestic product / district area; e) Total migration rate = migration rates + emigration rate; f) Net migration rate = migration rates -
emigration rate. Kaiser-Meyer-Olkin test and Bartlett's test were used to test for collinearity between variables. Generalized Principal
Component Analysis (GPCA)34 was used for 10 consecutive years of panel datasets, which effectively avoids the deviation of results
caused by short-term �uctuations and is more robust and representative, and principal components with eigenvalues greater than one
were selected as independent variables of the multilevel model. The Akaike Information Criterion (AIC) and Bayesian Information
Criterions (BIC) were used to select the optimal model. For all models, parameter estimates and standard errors for �xed and random
coe�cients, as well as conditional R2 and marginal R2, were reported. The correlation coe�cients of the original variables can be
obtained through the reverse derivation of the correlation coe�cients of the principal component, which is based on the theory that the
principal component is a linear combination of the original variables.

β' is the correlation coe�cient of the original variable, β is the correlation coe�cient of the principal component, λ  is the eigenvalues of
the principal component, and α  is the factor loading of the original variable. i is the number of original variables, and  m is the number
of principal components.

Results
The district-speci�c LE, HALE, and their GAP in Guangzhou, 2019

In 2019, the LE, HALE, and their GAP of females in Guangzhou were higher than that of males. In the 11 districts of Guangzhou, the LE
of 10 districts were over 80 years, and the HALE of 7 districts were over 75 years (Table 1). LE and HALE showed a higher level in the
central city and a lower level in the urban fringe. On the contrary, the GAP showed a lower level in the central city and a higher level in
the urban fringe (Fig.1).

Table 1 Estimates of district-speci�c LE, HALE, and their GAP in Guangzhou, 2019
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Districts LE HALE GAP

Males Females Total Males Females Total Males Females Total

Liwan 80.0 86.4 83.1 73.9 78.4 76.0 6.1 8.0 7.1

Yuexiu 82.0 87.3 84.6 76.6 79.1 77.9 5.4 8.2 6.7

Haizhu 80.6 86.1 83.3 74.9 77.7 76.3 5.7 8.4 7.0

Tianhe 83.0 88.0 85.4 78.0 80.2 79.1 5.0 7.8 6.3

Baiyun 80.2 85.3 82.7 74.5 76.5 75.7 5.7 8.8 7.0

Huangpu 79.6 85.3 82.4 73.5 76.6 75.0 6.1 8.7 7.4

Panyu 80.3 86.7 83.5 74.4 78.8 76.7 5.9 7.9 6.8

Huadu 79.4 84.9 82.1 73.4 75.9 74.7 6.0 9.0 7.4

Nansha 77.2 84.3 80.7 69.8 74.8 72.2 7.4 9.5 8.5

Conghua 75.8 83.1 79.3 68.0 73.0 70.2 7.8 10.1 9.1

Zengcheng 77.9 84.0 80.8 70.9 74.6 72.6 7.0 9.4 8.2

Total 80.1 85.9 82.9 74.0 77.3 75.6 6.1 8.6 7.3

LE = life expectancy. HALE = health-adjusted life expectancy. GAP = the difference between LE and HALE. 

Temporal trends of LE and HALE in Guangzhou from 2010 to 2019

From 2010 to 2019, the LE and HALE in Guangzhou showed a steady increasing trend. Total LE increased by 2.8 years and AAPC was
0.4 (95%CI: 0.3-0.4), the LE of males increased by 2.8 years and AAPC was 0.4 (95%CI: 0.3-0.5), and the LE of females increased by 2.9
years and AAPC was 0.4 (95%CI: 0.3-0.4). Total HALE increased by 2.4 years and AAPC was 0.3 (95%CI: 0.3-0.4), the HALE of males
increased by 2.5 years and AAPC was 0.4 (95%CI: 0.3-0.5). The HALE of females increased by 2.2 years with AAPC and 0.3 (95%CI: 0.2-
0.4), including APC for 2010 to 2017 was 0.2 (95%CI: 0.1-0.3) and APC for 2017 to 2019 was 0.6 (95%CI: -0.1-1.3) (Fig.2).

Spatial autocorrelation for LE, HALE, and their GAP in Guangzhou from 2010 to 2019

The global Moran’s  scatter chart of 11 districts in Guangzhou from 2010 to 2019 showed that most districts in the �rst and third
quadrants, indicating that districts with higher or lower LE, HALE, and their GAP were presented spatial agglomeration distribution
characteristics (Fig.3). Further, the existence of local spatial autocorrelation for LE, HALE, and their GAP was veri�ed using the local
Moran’s  index, where “High-High” indicates that both the speci�ed districts and the neighboring districts have higher estimates, and
“Low-Low” indicates that both of them have lower estimates. The Local Indicators of Spatial Association (LISA) map showed that the
central city, include Haizhu, Tianhe, and Yuexiu District, were “High-High” in LE and HALE and “Low-Low” in GAP, while Huadu District
was “Low-Low” in HALE (Fig.4).

The relationship between the GAP and socio-economic, health services, population structure, and population dynamics in Guangzhou,
2010-2019

The null model (Model ) with the GAP as the dependent variable was �tted, and the Intra-Class Correlation (ICC) was 0.843, indicating
that 84.3% of the total variation in the GAP was attributed to districts. That is, there was an interclass correlation and the multilevel
model analysis is reasonable. The �xed effect of the random intercept model (Model ) with the GAP as the dependent variable and
time as the independent variable showed the GAP increasing by 0.050 years per year. In the models with random intercept and slope
(Model ) with the GAP as the dependent variable and time as the independent variable, both AIC and BIC increased compared with
Model . Furthermore, two principal components, produced by GPCA, were included in Model  as the independent variables to �t the
multilevel model (Model ) with a controlled principal component based on Model . The results showed that the �xed effect and
random effect could explain 83.8% of the variation in the GAP, and the GAP increasing by 0.092 years per year (Table 2).

Table 2 Parameter estimates of mixed effect model (standard error)
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Parameter Model  a Model  b Model  c Model  d

Fixed Parameters        

  (Intercept) 7.353 (0.255)*** 7.076 (0.262)*** 7.077 (0.250)*** 6.846 (0.209)***

  (Years) - 0.050 (0.011)*** 0.050 (0.015)** 0.092 (0.018)***

  (Comp1) - - - 0.175 (0.057)**

  (Comp2) - - - 0.113 (0.051)*

Random Parameters        

  (Districts) 0.703 (0.838) 0.705 (0.840) 0.642 (0.801) 0.367 (0.606)

  (Years) - - 0.001 (0.037) -

  (Residual) 0.131 (0.362) 0.109 (0.330) 0.097 (0.312) 0.107 (0.328)

***P<0.001, **P<0.01, *P<0.05

Conditional R2 = 0.838 Marginal R2 = 0.282

a The null model with the GAP as the dependent variable.

b The random intercept model with the GAP as the dependent variable and time as the independent variable.

c The random intercept and slope model with the GAP as the dependent variable and time as the independent variable.

d The multilevel model with controlled principal component based on Model .

Comp1 and Comp2 = the principal component produced by generalized principal component analysis

The ratio of male to female and the natural population growth rate were positively correlated with the GAP, while the gross domestic
product per area, the density of resident population, the number of practicing (assistant) physicians per thousand, the number of
hospital beds per thousand, the per capita disposable income, the ratio of child to old people, the net migration rate and the total
migration rate were negatively correlated with the GAP (Fig.5).

Discussion
More and more indexes are being used to de�ne health, but the GAP between LE and HALE has received little attention. The GAP
focuses on revealing the unhealthy survival time of the population, which can be used as a routine health surveillance index for tracking
population health over time. No research focusing on LE, HALE, and their GAP at the Chinese city-level, but this study was based on a
typical megacity that is representative in China, make up for the gap in such a �eld. This study assessed the extent to which variation in
the GAP is explained by variation in socio-economic, health services, population structure, and population dynamics, with an added
value: our results provided a reminder of the challenges policymakers will face in balancing health equality and urban expansion as the
number and population size of megacities increase dramatically.

Time trends from 2010 to 2019 and current status in 2019 for LE, HALE, and their GAP in Guangzhou

In general, LE and HALE in Guangzhou increased signi�cantly from 2010 to 2019. LE increased by 2.8 years and HALE increased by 2.4
years. The growth rate of LE was slightly higher than that of HALE, which was similar to the situation in China and its provinces35.
There was a small difference in the growth rate between LE and HALE (the GAP increasing by 0.092 years per year), suggested that
while the lifetime was prolonged, QoL was also increased synchronously. In 2019, LE and HALE in Guangzhou were 82.9 years (80.1
years for males and 85.9 years for females) and 75.6 years (74.0 years for males and 77.3 years for females), both of which were
higher than the Chinese average reported by GBD 20194. However, the health of the population is not satisfactory in all districts. The top
three districts of LE and HALE are Tianhe, Yuexiu, and Panyu District, while the lower ones are Conghua, Zengcheng, and Nansha
District. The differences between the highest and lowest values of LE, HALE, and their GAP were 6.1 years, 8.9 years, and 2.8 years. The
wide differences implied that the positive results at the city-level mask health inequalities at the sub-regional level.
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Spatial distribution characteristics for LE, HALE, and their GAP in Guangzhou from 2010 to 2019

Our �ndings indicated that the GAP was smaller in the districts with higher LE and HALE, but larger in the districts with lower LE and
HALE, which led to the obvious polarization of unhealthy survival time in Guangzhou. From the perspective of urban planning, the
above distribution was consistent with the distribution of the central city and urban fringe. The combined effect of developed cities will
lead to urban expansion, that is, the space of the central city is limited, the accommodation degree decreases, and the industries move
to the urban fringe. The driving force of urban expansion is determined by socioeconomic factors and physical factors36, as evidenced
by the development patterns of Guangzhou29. Particularly, socio-economic factors such as the rapid development of the tertiary
industry in the Pearl River Delta region and the migration of people to work in developed areas may provide great opportunities for
urban expansion in Guangzhou37, 38. As a pioneer city in implementing China's urban-rural planning, Guangzhou has eliminated urban
construction problems such as economic backwardness, low urbanization rate, and unreasonable regional economic development
through its unique planning system39, 40, which has greatly improved the LE and HALE in urban fringe and reached above the Chinese
average4. However, there are still health inequalities between the central city and the urban fringe, as our study found. It is necessary for
the urban-rural planning of Guangzhou to pay attention to the challenge in balancing health equality and urban expansion as
urbanization accelerates.

Effects of socio-economic and health services on changes in GAP

Current analysis showed that �ourishing socio-economic (gross domestic product per area, per capita disposable income) and
adequate health services (number of practicing (assistant) physicians per thousand, number of hospital beds per thousand) have a
positive effect on narrowing the GAP. Population health is the result of investments, such as good environmental conditions, healthy
lifestyle, and appropriate medical and health services. Health service is not only an input factor to maintain national health, but also an
important source of national income growth. At the same time, it also has comparative advantages in promoting employment and
personal income, thus contributing to the improvement of household consumption and national domestic demand, and boosting the
transformation of the economic development model41. A virtuous cycle of socioeconomic and health services is key to narrow the GAP.

Effects of population structure on changes in GAP

Our results showed a positive correlation between the ratio of male to female and GAP, which may be explained by the fact that
although females' LE increased faster than males and the trend has remained at higher levels42, the increase in HALE is not parallel. It is
well known that females generally live longer than males, but female’s longer lives are not necessarily healthy lives43-45. This
phenomenon is called the male-female health-survival paradox46. Several mechanisms have been proposed to explain the male-female
health-survival paradox, include gender differences in biological risks, and risks attribute to social roles, lifestyle, and health
behaviors47. Translating the longevity advantage of females into health advantage should be considered as the health policy goal of
megacities.

We also found the GAP was negatively correlated with the ratio of child to old people. It is generally agreed that, although an aging
population brings longer life, it does not represent an increase in health48. The health of old people should be more concerned with their
functional integrity than the presence or absence of disease49. To narrow the GAP, healthy aging is urgent. China has long regarded
population aging as the top priority of public health issues and has already formulated a series of policies and measures to deal with
the pressure of aging society50, 51. In addition, geriatrics has developed rapidly in recent years into a subdiscipline52. Attention should be
paid to provide old people with high-quality prevention and care capabilities that will enable them to remain resilient and functional as
they age, taking them one step closer to the goal of healthy aging.

Effects of population dynamics on changes in GAP

In terms of population dynamics, the GAP was negatively correlated with the resident population density, the net migration rate, and the
total migration rate, and positively correlated with the natural population growth rate. It is not di�cult to understand that regional
development and economic progress must be accompanied by population aggregation53, 54. Population aggregation to a certain extent
is conducive to the integration of resources, the acquisition of social services, and the effective implementation of regional economic
activities55. However, the too high population density will also lead to the shortage of per capita resources and the increase of social
burden56. In brief, the relationship between population density and health index presents an inverted U-shaped curve57. Guangzhou, with
the favorable economic growth environment and the speed of infrastructure construction, has brought large numbers of migrants. It is
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generally accepted that the link between migration and health effects is different for these people with different social backgrounds. For
international migrants, lack health insurance coverage, face language and cultural barriers to medical care, and fear that access to
public institutions or health care providers may lead to legal problems and even possible deportation58. For internal migrants, especially
rural-to-urban migrants in China faces some limitations that employment in public sectors, health insurance, and public assistance
programs in cities59. Therefore, restrictive immigration management is needed to produce a healthy immigrant effect60, 61. The Chinese
Household Registration System plays a two-way role in managing immigration. On the one hand, social welfare can be popularized for
every citizen who legally obtains the urban household registration, and the health of the citizen who holds the household registration is
promised to be guaranteed. On the other hand, the government will also dynamically limit the population expansion according to the
process of urban development, so that the social support can stabilize the supply62. It can be seen that for megacities, immigration
management guided by health policy is an important link to control massive population growth and narrow the GAP.

Advantages and limitations

This study has several advantages. First of all, it provides the latest evaluation of the spatial-temporal distribution of LE, HALE, and their
GAP in Guangzhou for the �rst time, and provides important scienti�c evidence for global health study. Secondly, it was the �rst that
links the GAP between LE and HALE with the expansion of megacities and provides valuable knowledge about the role of social
determinants in QoL. Meanwhile, some limitations of our work should be identi�ed. First, we cannot obtain complete and accurate
information on the prevalence and disability severity for all-cause and sequelae, so YLDs could not be directly calculated like the GBD.
But the well-established indirect method developed by the WHO also provides an alternative method of calculating YLDs, whose results
were equally reassuring, as indicated by previous studies63-65. Second, in�uential factors except for the four dimensions
aforementioned may also be related to health inequalities, such as education, employment, and the environment, but those potential
factors were not considered in this analysis. Our work is the �rst step to elucidating the relationship between speci�c social
determinants and health inequalities in the expansion of megacities and pointing toward future directions for necessary research with
improved study designs.

Conclusion
In megacities, LE and HALE were higher and their GAP was lower in the central city than in the urban fringe. Socio-economic and health
services were key to narrow the GAP. The widening GAP can be explained by a high proportion of females and old people, who were
longevity but unhealthy. Population density within the urban carrying capacity produced a positive effect on narrow the GAP, and these
were attributed to the healthy immigrant effect.

Abbreviations
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AAPC Average Annual Percentage Change

AIC Akaike Information Criterion

APC Annual Percentage Change

BIC Bayesian Information Criterions

CI Con�dence Interval

GAP Gap between HALE and LE

GATHER Guidelines for Accurate and Transparent Health Estimates Reporting

GBD Global Burden of Diseases Study

GPCA Generalized Principal Component Analysis

HALE Health-Adjusted Life Expectancy

HLE Healthy Life Expectancy

HSE Health State Expectancy

ICC Intra-Class Correlation

ICD-10 International Classi�cation of Diseases

LE Life Expectancy

LISA Local Indicators of Spatial Association

QoL Quality of Life
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Figure 1

Spatial distribution of district-speci�c LE, HALE, and their GAP in Guangzhou, 2019 LE = life expectancy. HALE = health-adjusted life
expectancy. GAP = the difference between LE and HALE

Figure 2

Temporal trends of LE and HALE in Guangzhou from 2010 to 2019 LE = life expectancy. HALE = health-adjusted life expectancy. GAP =
the difference between LE and HALE.
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Figure 3

Global spatial autocorrelation for LE, HALE, and their GAP in Guangzhou from 2010 to 2019 The highlighted points mean high in�uence
measures. LE = life expectancy. HALE = health-adjusted life expectancy. GAP = the difference between LE and HALE.
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Figure 4

Local spatial autocorrelation for LE, HALE, and their GAP in Guangzhou from 2010 to 2019 High-High = both the speci�ed districts and
the neighboring districts have higher estimates. Low-Low = both the speci�ed districts and the neighboring districts have lower
estimates. LE = life expectancy. HALE = health-adjusted life expectancy. GAP = the difference between LE and HALE.

Figure 5

The direction and intensity of the effects of socio-economic, health services, population structure, and population dynamics on the gap
between life expectancy and health-adjusted life expectancy
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