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Abstract: Objective: To describe the secular trends of cause-specific mortality among adolescents
aged 10 to 24 years from 2004 to 2019 and explore the association between mortality and economic
status, education level as well as health investment. Methods: Mortality data of adolescents aged 10
to 24 years were obtained from the national disease surveillance points system. The age-standardized
mortality rate (ASMR) was calculated by using the population data from the sixth national population
census in 2010. GDP per capita, urbanization rate, illiteracy rate of the population over 15 years old,
government education expenditure per capita, number of health service providers per 1000 people,
and number of health beds per 1000 people were collected from China’s Economic and Social Big Data
Research Platform. Age-period-cohort analysis was used to analyse the net age, period, and cohort
effects of mortality among adolescents, while panel data regression was used to explore the association
between mortality and economic status, education level as well as health investment. Results: Overall,
the ASMR was 28.84 per 100,000 and the top five causes of mortality were road injuries, drowning,
intentional self-harm and sequelae, leukaemia, and falls among adolescents aged 10 to 24 years
in China in 2019. All-cause mortality declined with an annual percentage change of 4.02% (95%
Confidence interval: 3.74% to 4.30%) from 2004 to 2019 yet with persistent differences across different
demographic (gender and age) and geographical (urban-rural, and regional) subgroups. Notably, the
ASMR for HIV/AIDS in males, lower respiratory infections in urban adolescents, and iron deficiency
anaemia as well as cervical cancer in adolescents aged 20 to 24 years showed an increase over time.
The multivariate panel data regression showed that the ASMR decreased by 5.18 (3.27, 7.08) per
100,000 for every increase in the number of health beds per 1000 population, but with insignificant
association with GDP per capita and illiteracy rate in the total sample. Health beds investment
was positively associated with ASMR at almost all subgroups except for adolescents aged 10 to
14 years; GDP per capita increase was helpful to males and rural adolescents while an increasing
literacy rate was beneficial for females and adolescents aged 15 to 19 years. Conclusion: Given the
persistent differences between subgroups, further investments including improving health services,
especially increasing health bed investment, GDP per capita, and reducing the illiteracy rate and
concern for adolescents in males, rural areas, the western regions, and aged 15 to 24 years are needed.
Additionally, the increased burden of some diseases, such as HIV/AIDS, must be of further concern.

Keywords: adolescents; cause of death; age-standardized mortality rate; health investment

1. Introduction

During the Millennium Development Goals and Sustainable Development Goals
eras, the under-five mortality rate was the global heath priority [1,2]. Compared with
the under-fives, adolescents have been neglected for a long time [3], which might be the
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reason that they received fewer health benefits than under-five [4]. Until 2015, the Global
Strategy for Women'’s, Children’s and Adolescents” Health (2016—2030) proposed by the
World Health Organization included adolescents in the global strategy for the first time
as part of the target that helps countries and their partners to promote accountability in
ending preventable deaths and to ensure that no one is left behind [5]. The importance of
paying attention to adolescent mortality is beginning to be recognized by the international
community [6]. With the delayed timing of role transitions, such as the completion of
education, marriage, and parenthood, a new definition of 10 to 24 years corresponds closely
to adolescence; thus, we used this age group to define adolescence [7].

Socioeconomic development, education level, environment, and lifestyle have collec-
tively contributed to the gradual improvement in adolescent health, leading to notable
changes in their disease burden pattern [8]. This reminds us to pay attention to the causes of
death among them. Globally, the Global Burden of Disease (GBD) 2019 study revealed that,
between 1990 and 2019, the Disability-Adjusted Life Years (DALYs) of non-communicable
diseases (NCDs) increased by 13.1%, while the DALYs of injuries and communicable, ma-
ternal, neonatal, and nutritional diseases (CMNN Diseases) decreased by 24.8% and 18.7%,
respectively [9]. That transition also occurred in Chinese adolescents, with a shift from an
injury-excess country in 1990 to a NCDs-dominant country in 2016 [8]. However, there
were noticeable variations in the disease-burden pattern across provinces, with adolescents
in some western provinces, such as Tibet, Qinghai, and Xinjiang, still living in injury-excess
environments [4]. Additionally, the existing studies exploring the association between
mortality and economic status, education level, and health investment were concentrated
in developed countries [10-13], which were hard to generalize in low-and-middle-income
countries. To date, no study has reported and systematically analysed the demographic
and geographical differences in cause-specific mortality using the age-period-cohort model,
nor explored the association between mortality and economic status, education level, as
well as health investment among adolescents aged 10 to 24 years in China.

The National Disease Surveillance Points (DSP) system collected the cause-specific
mortality data for different genders, areas, regions, and age groups, which offered an
opportunity to explore the trends and influencing factors of cause-specific mortality among
adolescents aged 10 to 24 years [14]. The purpose of this study was to describe the current
status and secular trends in cause-specific mortality among adolescents aged 10 to 24 years
in different subgroups in China from 2004 to 2019, as well as to explore the association
between mortality and economic status, education level, and health investment. The
following are the key points of this study:

e  Question: How have adolescent mortality rates and death patterns changed in China
and what factors were associated with the changes?

e  Findings: This study found significant reductions in adolescent all-cause mortality,
but some causes, such as HIV/AIDS, malnutrition, lymphoma, and multiple myeloma
had higher burdens in 2019 than in 2004, while subgroup differences still existed.
Increasing health investment might contribute to decreasing trends in deaths.

e Interpretation: It will be important to prioritize interventions based on the specific
causes of death and associated patterns to ensure that no one is left behind.

2. Methods
2.1. Data Sources

The DSP system, which was initiated in the 1970s, is the national registration system
conducted by the Chinese Center for Disease Control and Prevention (CDC). Since 2004, the
annual yearbook has reported the cause-specific mortality data from 161 surveillance points
(63 urban points and 98 rural points), covering a population of approximately 73 million
(6%), and since 2013 the coverage has been expanded to 605 surveillance points (208 urban
points and 397 rural points), covering a population of 323.8 million (24.3%). The data
were confirmed with great representativeness at the national, regional, and area levels [15],
and the detailed design has been published elsewhere [14,16]. A new definition which
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suggests that the 10 to 24-year-old age group corresponds to adolescence was adopted
in this study [7], and we extracted the mortality data of Chinese adolescents aged 10 to
24 years from the annual yearbooks during the 2004-2019 period [17,18]. The causes of
death were classified into three first-level classifications: (1) CMNN diseases; (2) NCDs; and
(3) Injuries. Under the first-level classifications, the causes were further subdivided into
more detailed secondary and tertiary causes. The standardized population was collected
from the sixth national census in 2010. All provinces were classified into three regions. Bei-
jing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong,
and Hainan belonged to the Eastern region; Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi,
Henan, Hubei, and Hunan belonged to the Central region; and Neimenggu, Guangxi,
Chonggqing, Sichuan, Guizhou, Yunnan, Xizang, Shaanxi, Gansu, Qinghai, Ningxia, and
Xinjiang belonged to the Western region [17]. The data on economic status (GDP per capita
and urbanization rate), education level (illiteracy rate of the population over 15 years old
and education expenditure per capita), and health investment (health service providers
per 1000 population and health beds per 1000 population) were collected from China’s
Economic and Social Big Data Research Platform (https://data.cnki.net/, accessed on 14
December 2021).

2.2. Data Recode

We used the International Classification of Diseases 10th Revision (ICD-10) to match
the causes of death during the study period, and the causes that could not be matched by
ICD-10 were omitted from the analysis; thus, 27% of causes before 2009 and 23% of causes
after 2010 were omitted. Additionally, we recoded the causes of death by assigning a unique
code to each cause. For example, the three first-level classifications were recoded into “A”,
“B”, and “C”, which represented CMNN diseases, NCDs, and Injuries, respectively, while
HIV/AIDS, leukaemia, and drowning were recoded into “A1-3”, “B1-16”, and “C1-5",
respectively. The detailed relationship between the causes of death, the ICD-10 code, and
the unique code used in this study was presented in Supplementary Table S1.

2.3. Statistical Analysis
2.3.1. The Trend for All-Cause Mortality and Cause-Specific Mortality

We used the mortality rate (MR) and standardized population to calculate the age-
standardized mortality rate (ASMR) for adolescents aged 10 to 24 years. A similar stan-
dardization process was conducted for different genders, areas, regions, and age groups.
Additionally, we utilized the age-period-cohort (APC) model to determine the net age, pe-
riod, and cohort effects of adolescent mortality. The age effect, which refers to biological and
social processes and the social role or status of specific age groups, was defined as the fitted
longitudinal age-specific rates in the reference cohort adjusted for period deviations. The pe-
riod effect, which refers to the external factors that affect all age groups simultaneously at a
particular period, was defined as the rate ratio (RR) in a specific survey year compared with
the reference survey year. The cohort effect, which refers to the unique experience or expo-
sure of a cohort as they move across a period, was defined as the RR in a specific birth cohort
compared with the reference birth cohort [19,20]. The regular relationship of age, birth
cohort and period is fully collinear, so it is statistically impossible to estimate their effects
independently [21]. Here we used the web tool (https://analysistools.cancer.gov/apc/,
accessed on 30 May 2023) developed by the National Cancer Institute (NIH) to identify
these effects [22]. The mortality data from 2004 to 2018 were classified into three groups
(2004-2008, 2009-2013, 2014-2018), while the population was also classified into three age
groups (10 to 14 years, 15 to 19 years, 20 to 24 years), and we obtained five cohorts (from
1984 birth cohort to 2004 birth cohort). In each group, the five-year average population and
number of deaths were used to represent the population and the number of deaths in this
group. We set the middle age group, period, and cohort as the reference, and calculated the
age RR, period RR, and cohort RR, respectively. We additionally calculated the net drift
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and local drift to reflect the annual percentage change (APC) in each age group and the
average annual percentage change (AAPC) of all age groups, respectively.

All tertiary causes of death and three secondary causes of death (B3: diabetes, B4:
endocrine disorders, and B11: skin diseases) that do not contain subordinate tertiary
causes of death were analysed, and trends in ASMR for different causes of death over the
period 2004 to 2019 were depicted using heat maps and were further displayed across
different subgroups. Based on the finding of the heat maps, which displayed the trends
and ASMR for every cause of death, we additionally presented the top 15 causes of death
and (age-standardized) mortality rates for adolescents in 2004, 2010, and 2019.

2.3.2. Association between Mortality and Economic Status, Education Level, as Well as
Health Investment

We matched the mortality data with variables including GDP per capita, urbanization
rate, illiteracy rate of the population over 15 years old, education expenditure per capita,
health service providers per 1000 population, and health beds per 1000 population at
regional level by year, while univariate and multivariate panel data regression models
were used to determine the association between ASMR and these factors, respectively. The
Variance Inflation Factor (VIF) was used as a criterion of multicollinearity. When the value
was greater than 10, we thought the multicollinearity existed (Supplementary Table S2).
After that, we built a fixed-effect panel regression model to determine the association
between mortality and GDP per capita, illiteracy rate of the population over 15 years old,
and health beds per 1000 population, while the region was used as the group variable and
year was used as the time variable.

2.4. Sensitivity Analysis

In the APC model, the mortality data from 2004 to 2018 were used for the main
analysis, and data from 2005 to 2019 were used to conduct the sensitivity analysis. In the
panel data regression, we applied a one-year lag to GDP per capita, illiteracy rate of the
population over 15 years old, and health beds per 1000 population, then compared the
result with the main analysis to add robustness.

3. Results
3.1. Current Status of Mortality among Adolescents Aged 10 to 24 Years

In 2019, the national all-cause ASMR for adolescents aged 10 to 24 years was 28.84
per 100,000, of which the ASMR for male adolescents (37.11 per 100,000) was higher than
females (19.55 per 100,000), for rural adolescents (31.34 per 100,000) higher than their urban
peers (23.78 per 100,000), and for adolescents from the western area (38.98 per 100,000)
higher than for their counterparts in the central area (25.76 per 100,000) and the eastern
area (23.70 per 100,000). By age group, the adolescents aged 20 to 24 years had the highest
MR, at 33.69 per 100,000, and adolescents aged 10 to 14 years had the lowest MR, at 20.62
per 100,000 (Figure 1, Table 1).
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Figure 1. Trends of (age-standardized) mortality rate in each subgroup between 2004 and 2019. Note: *, ASMR = Age-standardized mortality rate; **, MR = Mortality

rate.
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Table 1. The (AS)MR and APC for adolescents aged 10 to 24 years, 2004 to 2019.

(AS)MR */per 100,000

Group APC **/%

2004 2010 2019
Country 54.48 42.10 28.84 —4.02 (—4.30, —3.74)
Gender
Male 71.67 56.82 37.11 —4.01 (—4.35, —3.67)
Female 36.45 26.06 19.55 —4.27 (—4.77, =3.77)
Area
Urban 40.22 34.31 23.78 —4.38 (—4.95, —3.80)
Rural 61.42 45.82 31.34 —3.79 (—4.34, —3.24)
Region
East 49.08 35.48 23.70 —4.50 (—5.02, —3.98)
Center 46.79 37.79 25.76 —3.52(—4.27, =2.77)
West 70.55 55.82 38.98 —4.07 (—4.58, —3.56)
Age group ***
10 to 14 28.60 26.50 20.62 —0.28 (—0.83, 0.28)
15to 19 53.38 36.90 28.80 —4.17 (—4.56, —3.78)
20to 24 70.55 55.34 33.69 —7.46 (—7.84, —7.08)

Note: *: (AS)MR = (age-standardized) mortality rate; **, APC = Annual percentage change; ***, For three age
groups, we displayed the MR, and for all remaining groups, we displayed ASMR.

3.2. The Trend of Mortality among Adolescents Aged 10 to 24 Years, 2004-2019

Between 2004 and 2019, the national MR for adolescents that combined gender, area,
region and age groups decreased by an average of 4.02% (95% Confidence interval [CI]:
3.74% to 4.30%) per year. The AAPC was —4.01% (—4.35% to —3.67%) for males, —4.27%
(—4.77% to —3.77%) for females, —4.38 (—4.95% to —3.80%) for urban adolescents, and
—3.79 (—4.34% to —3.24%) for rural adolescents, respectively. Among three different
regions, the MR of eastern adolescents decreased faster than for western and central ado-
lescents, while the AAPC was —4.50% (—5.02% to —3.98%), —4.07% (—4.58% to —3.56%),
and —3.52% (—4.27% to —2.77%), respectively. For adolescents aged 20 to 24 years and
adolescents aged 15 to 19 years, the MR decreased by an average of 7.46% (7.08% to 7.84%)
and 4.17% (3.78% to 4.56%), respectively, while the adolescents aged 10 to 14 showed
no significant improvement; the AAPC was —0.28% (—0.83% to 0.28%). The sensitivity
analysis showed similar findings (Figures 1, 2 and S1, Table 1).

3.3. APC Analysis of Mortality among Adolescents Aged 10 to 24 Years, 2004-2019

Compared with adolescents aged 15 to 19 years, the risk of death was lower in
adolescents aged 10 to 14 years and adolescents aged 20 to 24 years; the RR was 0.76 (95%
CI: 0.73, 0.80) and 0.88 (0.85, 0.91), respectively. The period and cohort risk both showed
decreasing trends. The period risk declined from 1.07 (1.03, 1.11) to 0.71 (0.69, 0.73), while
the cohort risk declined from 2.17 (2.09, 2.26) to 0.97 (0.92, 1.03). The subgroup results were
consistent with the total sample (Figure 2, Table 1).

3.4. Overall Status of Cause-Specific Mortality among Adolescents Aged 10 to 24 Years,
2004-2019

Road injuries, drowning, intentional self-harm and sequelae, leukaemia, and falls were
the top five causes of adolescent death in 2019, and the ASMR declined from 9.98, 5.35, 4.90,
3.00, and 1.41 per 100,000 to 4.96, 2.81, 2.66, 1.58, and 1.37 per 100,000, respectively. Within
the top 15 causes, falls, ischemic heart diseases, epilepsy, and lower respiratory infections
showed a higher rank in 2019 than in 2004. Moreover, some diseases, such as HIV /AIDS,
malnutrition, lymphoma, and multiple myeloma, showed a higher ASMR in 2019 than in
2004 (Figures 3 and 4).
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Figure 2. Age, period and cohort trends in mortality in each subgroup, 2004-2018. Note: *, RR = Rate
Ratio; **, APC = Annual Percentage change. The error bars represent the 95% confidence interval of
the estimate.

3.5. Status of Cause-Specific Mortality by Gender and Areas

The change in causes of death among adolescents of different genders and areas was
consistent with the overall pattern. Injuries, including road injuries, drowning, intentional
self-harm and sequelae, and falls were leading causes in both males and females in 2019,
with males showing a higher ASMR than females (7.16, 4.07, 3.18, and 1.94 per 100,000
vs. 2.51, 1.39, 2.09 and 0.74 per 100,000). Moreover, the ASMR for HIV/AIDS showed
increasing trends in males but showed decreasing trends in females between 2004 and
2019. In both urban and rural adolescents, we found the ASMR of tuberculosis declined
between 2004 and 2019, while the ASMR of lower respiratory infections increased in urban
adolescents (Supplementary Figures 52-59).

3.6. Status of Cause-Specific Mortality by Region

The change in causes of death among adolescents in different regions was also basically
consistent with the overall pattern. But the ASMR of many causes, such as road injuries
(7.32 per 100,000 vs. 3.63 and 4.41 per 100,000), drowning (3.61 per 100,000 vs. 1.99 and 2.96
per 100,000), and intentional self-harm and sequelae (3.30 per 100,000 vs. 2.54 and 2.25 per
100,000), were higher in western adolescents than in eastern and central adolescents. In
western adolescents, tuberculosis (0.56 per 100,000) was in the top 15 causes of death in
2019 (Supplementary Figures S10-515).
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Figure 3. The ASMR of adolescents aged 10 to 24 by cause of death, 2004 to 2019. Note: *, ASMR =
Age-standardized mortality rate; **, A1-3, HIV/AIDS; ***, A5-1, malnutrition; ****, B1-15, lymphoma,
and multiple myeloma.

3.7. Status of Cause-Specific Mortality by Age Group

The top 15 causes of death for each age group differed from the overall pattern. The top
three causes of death for adolescents aged 10 to 14 years were drowning, road injuries, and
leukaemia. Congenital malformations of the circulatory system became the fifth leading
cause of death among adolescents aged 10 to 14 years in 2019. Intentional self-harm and
sequelae were more serious in the groups of adolescents aged 15 to 19 years and 20 to
24 years; in 2019, intentional self-harm and sequelae were the third and second leading
causes of death among adolescents aged 15 to 19 years and 20 to 24 years, respectively. The
mortality rates for causes of death such as falls and ischaemic heart disease in adolescents
aged 10 to 14 years, ischaemic heart disease in adolescents aged 15 to 19 years, HIV/AIDS,
iron-deficiency anaemia and cervical cancer in adolescents aged 20 to 24 years showed a
higher MR in 2019 than in 2004 (Supplementary Figures 516-521).
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Leading cause in 2004 Leading cause in 2010 Leading cause in 2019
(ASMR* (per 100,000)) (ASMR (per 100,000)) (ASMR (per 100,000))
Road injuries Road injuries Road injuries
(9.98) (11.90) (4.96)
Drowning Drowning Drowning
(5.35) (3.91) (2.81)
Intentional self-harm and sequelae Intentional self-harm and sequelae Intentional self-harm and sequelae
(4.90) (3.07) (2.66)
Accidental poisoning by and exposure to noxious substances Accidental poisoning by and exposure to noxious substances Falls
(1.77) (1.38) (1.37)
Assault and sequelae Falls Accidental poisoning by and exposure to noxious substances
(1.71) (1.24) (0.91)

Falls
(1.41)

Assault and sequelae
(0.93)

Electric shock
(0.79)

B Communicable, maternal, neonatal, and nutritional diseases
Class [\ Non-communicable diseases
Injuries

Figure 4. The top 15 leading causes of death of adolescents aged 10 to 24 in 2004, 2010 and 2019. Note: *, ASMR = Age-standardized mortality rate.
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3.8. Association between Mortality and Economic Status, Education Level, as Well as
Health Investment

In the univariate panel data regression model, GDP per capita, urbanization rate,
illiteracy rate, education expenditure per capita, health personnel per 1000 population, and
health beds per 1000 population were all associated with ASMR (Supplementary Table S3).
In the multivariate panel data regression model, the ASMR of adolescents decreased by
5.18 (95% CI: 3.27, 7.08) per 100,000 for every increase in the number of health beds per
1000 population, but with an insignificant association with GDP per capita and illiteracy
rate in the total sample. Other than the indicator of health beds, the AMSR decreased by
0.23 (0.06, 0.39) or 0.19 (0.03, 0.35) per 100,000 for every 1000 yuan increase in GDP per
capita for males or rural adolescents, respectively, while for females, the AMSR increased
by 0.82 (0.23, 1.41) per 100,000 for every percentage point increase in the illiteracy rate.
When stratified by age group, we found that the MR increased by 1.48 (0.75, 2.22) per
100,000 for every percentage point increase in the illiteracy rate for adolescents aged 15 to
19 years. When stratified by cause of death, we found that the ASMR increased by 0.05
(0.02, 0.07) per 100,000 for every 1000 yuan increase in GDP per capita, and increased by
0.29 (0.18, 0.40) per 100,000 for every percentage point increase in the illiteracy rate for
CMNN diseases; the ASMR increased by 0.24 (0.03, 0.45) per 100,000 for every percentage
point increase in the illiteracy rate for NCDs, while the ASMR decreased by 0.12 (0.04,
0.21) per 100,000 for every 1000 yuan increase in GDP per capita for injuries (Table 2). The
sensitivity analysis showed similar findings (Supplementary Table S4).

Table 2. The association between all-cause (AS)MR (per 100,000) for adolescents aged 10 to 24 years
and economic status, education level, as well as health investment in different subgroups.

GDP per Capita . Health Beds per
Group (Thoul:;and Yl::lan) liliteracy Rate (%) 1000 Populatir:)n
Country —0.09 0.33 —5.18
(—0.22, 0.04) (—0.33, 1.00) (—7.08, —3.27)
Gender
—0.23 —0.09 —6.23
Male (—0.39, —0.06) (—0.90, 0.72) (—8.56, —3.89)
0.03 0.82 —3.76
Female (—0.09, 0.15) (0.23,1.41) (—5.46, —2.06)
Area
—0.07 0.06 —432
Urban (—0.23, 0.08) (—0.71,0.83) (—6.54, —2.10)
—0.19 0.37 —423
Rural (—0.35, —0.03) (—0.42, 1.16) (—6.51, —1.95)
Age group ***
—0.01 —0.37 ~1.23
10to 14 (~0.15,0.13) (—1.06,0.32) (—3.22,0.76)
151019 —0.06 1.48 —312
(—0.21, 0.09) (0.75, 2.22) (—5.24, —1.00)
~0.16 ~0.15 —9.11
20to 24 (—0.37, 0.05) (—1.18, 0.88) (—12.06, —6.16)
Cause of death
‘ 0.05 0.29 —0.78
CMNN diseases * (0.02, 0.07) (0.18, 0.40) (—1.10, —0.45)
—0.01 0.24 —1.00
NCDs ** (—0.05, 0.04) (0.03, 0.45) (—1.61, —0.39)
Injuries —0.12 —0.23 —3.44
(—0.21, —0.04) (—0.66,0.19) (—4.66, —2.22)

Note: *, CMNN diseases = Communicable, maternal, neonatal, and nutritional diseases; **, NCDs = non-
communicable diseases; ***, For different age groups, we used mortality rate, while for other groups, we used
age-standardized mortality rate. The bolding indicates a statistically significant association.
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4. Discussion

In this study, we found that the ASMR of adolescents aged 10 to 24 years in China
decreased by 47% between 2004 and 2019, while similar trends were found in different
genders, areas, regions, and age groups. We found the dramatic decline was accompanied
by a change in the death patterns. Although the ASMR for most causes of death decreased
between 2004 and 2019, there were some causes, such as HIV /AIDS, which became more
severe in 2019 than in 2004, while there were also some causes, such as tuberculosis,
leukaemia, road injuries, and drowning, despite the decreasing trends in ASMR, that
resulted in a heavy burden of adolescent deaths in 2019. We additionally found that the
decreased mortality was only associated with increased health investment, but the pattern
was different in different subgroups.

This study first conducted the APC analysis and showed that the risk of death was
highest among adolescents aged 15 to 19 years, where it was significantly higher than
among those aged 10 to 14 years and 20 to 24 years. This might be due to the physical and
psychological changes brought about by pubertal development, as well as the changing
social roles of this age group [23]. Increased investment in education and health for this
age group was essential, based on our findings. Many causes showed heavy burdens in
adolescents aged 20 to 24 years, such as HIV/AIDs, tuberculosis, cardiovascular diseases,
road injuries, and intentional self-harm and sequelae, which are worth paying attention to.

The burden of injuries, including road injuries, drowning, and intentional self-harm
and sequelae, declined between 2004 and 2019; however, they were still the leading causes
of death of adolescents aged 10 to 24 years in 2019. Among NCDs, cerebrovascular disease,
ischaemic heart disease, and inflammatory heart disease remained the top 15 causes of
adolescent mortality in 2019, indicating that the burden of cardiovascular disease in adoles-
cents remains relatively serious. Meanwhile, lower respiratory infections and HIV/AIDs
among CMNN diseases cause heavy burdens and rising trends, highlighting the pressing
need for cause-specific interventions.

Both genders showed great achievements in reducing adolescent mortality: the ASMR
of males and females decreased by 48% and 46%, respectively. But in 2019, the gender
disparity in adolescent mortality was still evident, as the ASMR for males was approxi-
mately 1.9 times that for females. This finding was consistent with the previous study [24].
We found there was a decline in HIV/AIDs mortality among females, while there was
a rise in HIV/ AIDs mortality among males. This emphasized the necessity of formulat-
ing gender-specific preventive measures corresponding to the different infection patterns.
Moreover, we found a great gap in the burden of injuries, such as road injuries, drowning,
and intentional self-harm and sequelae, among males and females. Prefrontal cortex imma-
turity underlies the increase in adolescent risk-taking behaviour, which is the product of
an imbalance between increased biologically driven novelty and immature self-regulatory
capacity [25]. Females tend to show more anxiety and risk aversion in the face of stress than
males [26], which might be the reason why males showed more risk-taking behaviours
than females and were, therefore, more vulnerable [27-29]. We additionally found that
male mortality was associated with economic status and health investment, while female
mortality was associated with illiteracy rate and health investment. This indicated the need
for gender-specific interventions to promote health equity.

The differences in ASMR between urban and rural areas shrank between 2004 and
2019. However, the ASMR of lower respiratory infections in urban adolescents was increas-
ing, while that in rural adolescents was decreasing, and the burden in urban adolescents
reversed the burden in rural adolescents in 2019. The improvement of adolescent malnu-
trition, along with the improvement of their immunity [30], might be the reasons for the
declining trend in rural adolescents. Moreover, rural adolescents had a heavier burden of
injuries than urban adolescents, which might be explained by the poor economic status
and health care development, as well as the lack of supervision from families and commu-
nities [31]. More investments in economy and health were needed, given the situation that
they were both associated with the mortality of rural adolescents.
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From 2004 to 2019, the ASMR of adolescents in the eastern, central, and western areas
decreased by 52%, 45%, and 45%, respectively. Among them, we found the burden of
CMNN diseases, such as tuberculosis, decreased faster in western adolescents. However,
western adolescents were still at higher risk of tuberculosis death than eastern and central
adolescents. China was not only one of the 30 countries with a high TB burden globally
but also the one with a high TB/HIV co-burden and experienced a high burden of drug-
resistant TB [32]. Although there were great achievements in tuberculosis prevention,
which might be due to the series of actions, including a national tuberculosis control plan,
early screening, free treatment, patient management, etc. [33,34], more attention still needs
to be paid to adolescents, especially in the western region.

A previous study found that all-cause mortality rates for adolescents aged 10 to
24 years in the Western Pacific region were similar to those in high-income countries,
which was mainly due to the improved health status of adolescents in China [35]. This
affirms China’s great achievements in the area of ensuring the survival of adolescents.
Compared with the mortality data from CDC WONDER, Chinese adolescents aged 15
to 19 years and 20 to 24 years had lower mortality rates than American adolescents in
2019 [36]. Assault and sequelae, the second leading cause of death among American
adolescents in 2017 [37], caused many fewer deaths for Chinese adolescents, which might
be due to the great difference in culture and socio-political context [38]. The Program
for the Development of Chinese Children (PDCC) 2001-2010 and the PDCC 2011-2020,
both formulated by the Chinese government, set out consistent goals and strategies for
children’s physical and mental health, education, social support and the protection of
children’s legal rights [39,40], which might contribute to the dramatic decline of deaths.
Moreover, previous studies indicated that improved economic status, education level, and
health investment may be another possible reason for the dramatic decline in adolescent
deaths in China [41-43]. However, we found that decreased mortality was associated with
increased health investment but had an insignificant association with both GDP per capita
and illiteracy rate, which might be due to the panel analysis at the macro level without
individual data, but also indicated the importance of health investments.

5. Limitations and Future Reflections

This study filled up the blank of secular trends of cause-specific MR among adolescents
aged 10 to 24 years over time by using data from DSP and exploring the association between
mortality and economic status, education level, as well as health investment. However,
there were several limitations. Firstly, this study used secondary data for analysis and
lacked individual-level data, which could only be explored accordingly at the area level
and not for intra-area variation. Secondly, there was an unexpectedly upward fluctuation
in mortality from 2018 to 2019, but we observed the declining period and cohort risk
in the APC analysis for both main analysis and sensitivity analysis, so more data or
information were needed to explore the reason for this phenomenon. Thirdly, the expanding
of surveillance points in 2013 might have influenced the distribution of characteristics
within the study period, although most of the existing surveillance points (158/161) were
included in the new system for the continuity of mortality data and the representation of the
system [14,15]. Fourthly, because the causes of death were not completely consistent across
the years, we deleted all causes that could not be matched according to the ICD-10 code;
about 27% of causes before 2009 and 23% of causes after 2010 were omitted, which might
influence the results to some extent. In addition, mismatches between years occasionally led
to several causes of death without available data. Fifthly, there might be other confounders
that were not controlled in our model due to data unavailability. Sixthly, we analysed the
association by using panel data regression at the macro level, so the ecological fallacy might
have some influence on our results. However, we provided a sensitive analysis, which
supported our findings.



Future 2023, 1

73

6. Conclusions

In conclusion, our findings indicate a notable reduction in mortality burden among
Chinese adolescents aged 10 to 24 years between 2004 and 2019, and the trends were
consistent across genders, areas, regions, and age groups. However, gender, area, regional,
and age group differences persisted. Further interventions for males, adolescents in rural
areas, adolescents in the western region, and adolescents aged 15 to 24 years are needed to
promote health equity. In 2019, the leading causes of death of adolescents were still injuries,
with road injuries, drowning, and intentional self-harm and sequelae being the top three
causes of death among adolescents. Despite the significant decline in mortality for most
CMNN diseases, there were still some causes of death with a serious burden, such as lower
respiratory infections and tuberculosis, while the burden of HIV/AIDS even showed rising
trends in male adolescents. Target efforts beyond increasing health investment, such as
increasing the education level of females and adolescents aged 15 to 19 years old, should
be put into the prevention of different regions according to the specific death patterns to
reduce preventable mortality and ensure that no one is left behind.
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