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Objective: Promoting adolescent health is essential to achieving the goals of the
Healthy China 2030 (HC 2030) initiative. As socioeconomic conditions improve
and medical practices and disease patterns evolve, adolescent mortality rates and
causes of death vary considerably. This study provides up-to-date data on adolescent
mortality and causes of death in China, highlighting key areas of focus for investment
in adolescent health.

Methods: Data regarding mortality and causes of death in Chinese adolescents
aged 10-19 years were extracted from the Global Burden of Disease study from
1990 to 2019. The data variables were examined according to year, sex, and age.
The autoregressive integrated moving average model was used to predict non-
communicable disease (NCD) mortality rates and rank changes in the leading causes
of death until 2030.

Results: The all-cause mortality rate (per 100,000 population) of Chinese adolescents
aged 10-19 years steadily declined from 1990 (72.6/100,000) to 2019 (28.8). Male
adolescents had a higher mortality (37.5/100,000 vs. 18.6 in 2019) and a slower
decline rate (percent: —58.7 vs. —65.0) than female adolescents. Regarding age,
compared with those aged 10—-14 years, the mortality rate of adolescents aged 15—
19 years had a higher mortality (35.9/100,000 vs. 21.2 in 2019) and a slower decrease
rate (percent: —57.6 vs. —63.2). From 1990 to 2019, the rates of communicable,
maternal, and nutritional diseases declined the most (percent: —80.0), while injury
and NCDs mortality rates were relatively slow (percent: —50.0 and —60.0). In 2019,
the five leading causes of death were road injuries (6.1/100,000), drowning (4.5), self-
harm (1.9), leukemia (1.9), and congenital birth defects (1.3). Furthermore, NCDs'
mortality rate decreased by —46.6% and —45.4% between 2015-2030 and 2016—-2030,
respectively.

Conclusion: A notable decline was observed in all-cause mortality rates among
Chinese adolescents aged 10-19 years. In addition, the mortality rates of NCDs are
projected to meet the target from the Global Strategy for Women's, Children’s, and
Adolescents’ Health (2016—-2030) and HC2030 reduction indicators by 2030. However,
it should be noted that injury is the leading cause of death, with sexual and age
disparities remaining consistent.

death causes, mortality, trends, China, adolescent, non-communicable diseases

1. Introduction

Adolescence, the time between childhood and adulthood (ages 10-19), is a distinct stage
of human development and an important time for building a strong foundation for health
(1, 2). To achieve a high standard of health, the World Health Organization (WHO) recently
released the Global Strategy for Women’s, Children’s, and Adolescents’ Health (2016-2030),
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which highlighted more strategic investments among adolescents
aged 10-19 years (3, 4). The goal of this global strategy is to reduce
premature mortality from non-communicable diseases in adolescents
by one-third from 2016 to 2030, using mortality and cause of
death as indicators (5-7). Similarly, China’s Central Party Committee
and State Council have approved the Health China 2030 (HC2030)
initiative, highlighting adolescent health care (8). The HC2030 has a
significant goal of decreasing premature mortality from NCDs, which
include four major chronic diseases (e.g., neoplasms, cardiovascular
diseases, chronic respiratory diseases, and diabetes and kidney
diseases) (9). China currently accounts for approximately one-eighth
of the world’s adolescents and has one of the fastest mortality declines
in Eastern Asia among adolescents aged 10-19 years (10, 11). To
maintain and accelerate improvements in adolescent health, it is
essential to provide a comprehensive assessment of the mortality
burden for the 10-19-year-old age group in China.

Previous studies found that mortality and causes of death among
adolescents vary significantly by sex and age. For mortality, a study
reported that male adolescents aged 10-14 years in the European
region had a higher mortality rate (24.1 vs. 15.8) and a slower
decline rate (percent: —46.2 vs. —43.5) than that of female adolescents
(12). In addition, two other studies (13, 14) discovered that the
rate of deaths among older adolescents decreased at a slower
pace compared to younger adolescents. Conversely, another study
conducted in China found that the mortality rate among older
adolescents decreased faster than that of younger adolescents (15). In
terms of causes of death, the top five causes among adolescents aged
10-14 years in the European region were road injuries, drowning,
leukemia, lower respiratory infections, and congenital birth defects
in 2016 (12). Meanwhile, in China, the top five causes of death
among adolescents aged 10-14 years in 2016 were road injuries,
drowning, leukemia, congenital birth defects, and self-harm (15). In
addition, compared with girls and younger adolescents, the top five
causes of death in boys and older adolescents are more likely to be
injury related (14, 15). Although these studies reported the mortality
rates and the leading causes of death among adolescents aged <19
years, some limitations persist. First, several studies (12, 14, 15)
cannot provide the latest data due to using data from the Global
Burden of Disease (GBD) 2016. Furthermore, these studies (12-15)
did not assess the attainment of the target from the Global Strategy
for Women’s, Children’s, and Adolescents’ Health (2016-2030) and
HC2030 regarding decreasing premature mortality from NCDs for
the 10-19-year-old age group in China.

This study utilized data from the Global Burden of Disease (GBD)
between 1990 and 2019 to examine the evolution of significant health
issues among adolescents, identify current and future priorities for
investing in adolescent health, and provide data-driven support. This
study aimed to (1) analyze the trends of all-cause mortality and cause
of death between 1990 and 2019; (2) assess the sex and age difference

Abbreviations: SDGs, Sustainable development goals; ARIMA, Autoregressive
integrated moving average model; NCDs, Non-communicable diseases; WHO,
World Health Organization; HC2030, Health China 2030; GBD, Global Burden
of Disease; CHSY, China Health Statistics Yearbooks; NDSS, National Disease
Surveillance System; CMNN, Communicable, Maternal and Neonatal, and
Nutritional diseases; Ul, uncertainty interval; ACM, All-cause mortality; HIC,
High-income countries; UMIC, Upper-middle income countries; LMIC, Lower-

middle income countries; LIC, Lower income countries.
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in all-cause mortality and cause of death from 1990 to 2019; and (3)
predict NCD mortality rates and trends of the leading causes of death
up to 2030.

2. Methods

2.1. Data sources

The data used in this study were extracted from the GBD 2019,
a publicly accessible online database (16). Previous studies have
provided detailed information on the design and methodology of
the GBD (13, 17). This study analyzed metrics including death
count, years of life lost, and death rate per 100,000 individuals with
uncertainty intervals (Uls) by gender and age group, using data from
204 countries and territories. Additionally, the study included 281
causes of death at Level 4, as defined in the GBD 2019. Level 1 is
divided into three categories: communicable, maternal, neonatal, and
nutritional diseases (CMNN), non-communicable diseases (NCDs),
and injuries. Level 2 further subdivides these categories into 21 causes
of death, while levels 3 and 4 provide a more detailed breakdown.

Mortality rates from 281 causes were estimated for various
locations, ages, and sexes between 1990 and 2019. The data used
to make these calculations came from multiple sources, including
vital registration systems, verbal autopsy reports, and surveillance
data. The data regarding causes of death were corrected for any
deficiencies or incompleteness. Detailed information regarding data
processing has been previously reported (17). Point estimates for
metrics originated from the mean of 1,000 draws from the posterior
distribution of modeled cause-specific mortality. Their 95% Uls
were estimated using the 2.5th and 97.5th percentiles of these 1,000
draws (17). The information about causes of death in China was
predominantly derived from four data sources: disease surveillance
points, the maternal and child surveillance system, the Chinese
Center for Disease Control and Prevention’s cause-of-death reporting
system, and cancer registry data (18).

2.2. Data presentation

This study targeted adolescents aged 10-19 years in China
and reported 142 causes of death from Levels 1, 2, and 3 (12).
To compare the mortality rates of adolescents in countries with
different incomes, we extracted all-cause mortality rates from high-
income countries, upper-middle-income countries, lower-middle-
income countries, and lower-income countries based on the World
Bank’s classification (19). We presented death numbers, rates, and
percentages and described their percentage changes between 1990
and 2019. However, we only presented the death percentage at
Levels 1 and 2 causes of death. To illustrate the difference, we
compared the proportion of deaths for Levels 1 and 2 causes
of death between 1990 and 2019 by calculating their percentage
differences. The corresponding formulae are presented in Tables S4—
S8 in Supplementary material 1. The death percentage was defined as
the proportion of deaths caused by a specific cause compared to all
causes. Percentage changes were deemed statistically significant if the
95% UI did not contain zero. The death rate indicates the number of
deaths per 100,000 people.
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2.3. Prediction model

One of the Global Strategy’s targets is to reduce premature
mortality from NCDs by one-third from 2016 to 2030, including
the indicator of causes of death (4). Similarly, the HC2030 includes
the goal of reducing mortality from NCDs (especially for four
major chronic diseases) by one-third from 2015 to 2030 in all age
groups (9). Due to word limitations, only the mortality predictions
of NCDs between 2016 and 2030 are discussed in this article’s
main text, and the remaining parts are shown in Tables S9-S11 in
Supplementary material 1.

To evaluate the probability of meeting these indicators based
on the mean mortality rates between 1990 and 2019, we utilized
the autoregressive integrated moving average model (ARIMA). This
model is a time-series analysis method used to forecast future series
according to past information. This study was used to forecast the
mortality rates of NCDs and the number of deaths due to different
causes among adolescents up to 2030, illustrating the changes in the
leading cause of death in China from 2020 to 2030. The optimal
parameters of ARIMA could be determined by Akaike’s information
criterion or Schwarz’s Bayesian criterion (20). The Ljung-Box test
examines autocorrelation and mean absolute percent error (MAPE)
and is a common metric to test the model’s predictive validity.
ARIMA’s modeling includes autoregression, a moving average, and
a difference (20). The model is generally denoted as ARIMA (p, d,
q), in which p, d, and q refer to the autoregression, difference, and
moving average, respectively (20). Supplementary material 2 displays
the assumptions and principles of the ARIMA model in detail.

In this study, the “auto.Arima” function from the R package
“forecast version 8.12” was used to ensure the parameters of the
models to forecast the death rate and death number for each cause of
death (21). The autocorrelation of the model residuals was examined
using the Ljung-Box test and resulted in a P > 0.05, indicating that
the residuals were white noise. The model’s validity was evaluated
using data from 1990 to 2013 to forecast the mortality rates from
2011 to 2017 and calculate MAPE (22). The exp function was used for
the death number to transform and calculate the fitted and predicted
values (23). All analyses and figures were performed using R (version
4.1.5) and Origin 2022.

3. Results

3.1. The mortality trends of Chinese
adolescents aged 10-19 years from 1990 to
2019

We estimated 41,956 deaths (95% UI 36,861-47,242) among
adolescents aged 10-19 years, and the all-cause mortality was 28.8
per 1000,000 (95% UI 27.9-29.7) in 2019. Between 1990 and 2019,
all-cause deaths declined in all adolescents (percent change: —70.0%,
95% UT —70.0% to —80.0%). Similarly, the all-cause mortality rates
reflected a 60.0% decline (95% UI —50.0% to —70.0%) during this
period (Table 1). As shown in Figure 1, the all-cause mortality rates
for Chinese adolescents decreased from 1990 to 2019, both in general
and for the different sexes, except for a slight increase in 2008.

Furthermore, Figure 1 presents a comparison of adolescent
mortality rates across different income countries. In 2019, compared
with different income countries, the mortality rates of Chinese
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adolescents (28.8 per 100,000) were lower than the average mortality
rates of high-income countries (33.1 per 100,000), upper-middle-
income countries (61.9 per 100,000), lower-middle-income countries
(107.4 per 100,000), and low-income countries (154.1 per 100,000).

Regarding sex differences, the deaths were higher in boys (29,406,
95% UI 24,735-34,540) than in girls (12,550, 95% UI 10,893-14,250)
(Table 1). Similarly, in 2019, for boys, the mortality rate was 37.5
(95% UT 31.5-44.0), which was almost two times as high as that for
girls (18.6, 95% UI 16.1-21.2). Furthermore, the number of deaths
and death rates in boys declined more than in girls (percent change:
—72.6% and —58.7% vs. —8.9% and —65.0%) (Figure 1; Table 1).

For age group differences, deaths were higher among adolescents
aged 15-19 years (26,958, 95% UT 23,222-30,885) than in those aged
10-14 years (14,998, 95% UI 13,514-16,497) (Table 1). Similarly, the
all-cause mortality rate among adolescents aged 15-19 years was 35.9
(95% UI 30.9-41.1), which is higher than in those aged 10-14 years
(21.2, 95% UI 19.1-23.3). The death rates in those aged 15-19 years
decreased further than in those aged 10-14 years (percent change:
—57.6% vs. —63.2%) (Table 1).

3.2. Changes in the proportion of causes of
death and leading causes of death from 1990
to 2019

Figure 2 shows the proportion of causes of death at Levels 1 and 2
between 1990 and 2019. At Level 1, injuries accounted for the largest
proportion of death causes, particularly in 2008, followed by NCDs;
CMNN accounted for the smallest proportion of death causes from
1990 (55.4% vs. 32.4% vs. 12.2%) to 2019 (57.6% vs. 37.1% vs. 5.3%).
From 1990 to 2019, CMNN reported the biggest drop in the number
of adolescent deaths, and NCDs had the biggest rise in the number of
adolescent deaths (Table 2, difference: —6.9 vs. 4.7 vs. 2.2).

Regarding differences in sex among the causes of death at Level
1, injuries constituted the highest proportion in boys, comprising
more than half of the deaths; particularly in 2019, almost two-thirds
of the deaths in male adolescents were caused by injuries (60.0%
in 1990 and 62.3% in 2019). For girls, injuries accounted for the
largest proportion, which was slightly higher than NCDs (46.7%
vs. 46.2%) in 2019. Between 1990 and 2019, injuries and NCDs
in boys contributed more to total deaths (difference: 2.3 vs. 3.4
vs. —5.7). By contrast, only NCDs in girls reported an increase in
the contribution of total deaths (difference: 9.0 vs. —0.3 vs. —8.6)
(Table 2; Supplementary Figures S1, S2).

For the two age groups (i.e., 10-14 years and 15-19 years),
injuries accounted for the largest proportion of death causes, followed
by NCDs; CMNN accounted for the smallest proportion of death
causes from 1990 to 2019. From 1990 to 2019, CMNN reported
the largest reduction in the contribution of total deaths, and NCDs
revealed the highest increase in the contribution of total deaths
(Table 2; Supplementary Figures S3, S4).

Figure 3 displays the changes in the top 25 causes of death among
adolescents from 1990 to 2019. The top five causes of death in
1990 and 2019 were drowning, road injuries, self-harm, leukemia,
and congenital birth defects, and road injuries, drowning, self-harm,
leukemia, and congenital birth defects, respectively. In addition, this
graph reflects a decline in ranking for 13 causes of death, including
eight causes of death attributable to NCDs, three from CMNN, and
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TABLE 1 The mortality rates, deaths, and changes for all causes of death among adolescents by sex and age from 1990 to 2019.

Number of deaths

Mortality rate (per 100,000 people)

2019 Percentage 1990 2019 Percentage
change (%) change (%)
Age
10-14 59,365 14,998 —74.7 57.8 21.2 —63.2
(54,192 to 65,172) (13,514 to 16,497) (—78.1to —71.2) (52.7 to 63.4) (19.1 t0 23.3) (—68.2 to —58.1)
15-19 107,338 26,958 —74.9 84.6 35.9 —57.6
(120,442 to 94,679) (23,222 t0 30,885) (=79.1 to —69.8) (74.6 t0 94.9) (30.9 to 41.1) (—64.7 to —49.0)
Sex
Male 107,308 29,406 —72.6 90.8 37.5 —58.7
(93,011 to 121,674) (24,735 to 34,540) (=77.9 10 65.9) (78.7 t0 102.9) (31.5 to 44.0) (—66.8 to —48.5)
Female 59,395 12,550 —78.9 53.3 18.6 —65.0
(51,526 to 69,662) (10,893 to 14,250) (—82.7to 74.7) (46.2 to 62.5) (16.1t0 21.2) (—71.4 to —58.2)
Total 166,703 41,956 —70.0 72.6 28.8 —60.0
(148,841 to 185,450) (36,861 to 47,242) (—70.0 to —80.0) (71.8 to 73.4) (27.9t0 29.7) (—50.0 to —70.0)
—=—male @  female —4— both
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FIGURE 1
The trends of all causes of mortality rates in China, aged 10—-19 years. ACM, All-cause mortality; HIC, High-income countries; UMIC, Upper-middle
income countries; LMIC, Lower-middle income countries; LIC, Lower income countries.

two from injuries. However, there was an increase in ranking for
14 causes of death, including eight causes of death attributable to
NCDs, five from injuries, and one from CMNN. Overall, the top five
causes of death in both 1990 and 2019 were road injuries, drowning,
self-harm, leukemia, and congenital birth defects.

Regarding changes in the leading causes of death among boys and
girls in 1990, the top five causes of death in boys were drowning,
road injuries, self-harm, leukemia, and interpersonal violence. In
contrast, girls' leading five causes of death were self-harm, road
injuries, drowning, leukemia, and congenital birth defects. In 2019,
the top two causes of death for both boys and girls were road
injuries and drowning. In addition, a comparison of death rates
due to road injuries and drowning between boys and girls revealed

Frontiers in Public Health

a significant disparity. Boys had nearly three times higher death
rates from road injuries (8.7 per 100,000) in comparison to girls
(3.2 per 100,000). Similarly, the death rate of drowning among
boys (7.0 per 100,000) was found to be over four times higher
than that of girls (1.7 per 100,000). The other causes of death in
boys were self-harm, leukemia, and falls. However, among girls, the
other causes of death were leukemia, self-harm, and congenital birth
(Supplementary Figures S5, S6).

Figures 4, 5 present the changes in the top 25 causes of death
among the two age groups of 10-14 years and 15-19 years from 1990
t0 2019. In 1990, the top five causes of death among adolescents aged
10-14 years were drowning, road injuries, leukemia, self-harm, and
congenital birth defects. By contrast, among adolescents aged 15-19
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FIGURE 2
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Percentage of total deaths by level-2 causes in China, aged 10-19 years, both sexes from 1990 to 2019. All green bars are classified as injuries. All blue
bars are classified as non-communicable diseases. All red bars are classified as communicable, maternal, neonatal, and nutritional diseases.
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[C_] Other non-communicable diseases
[_]Skin and subcutaneous diseases
[___]Substance use disorders

[ Self-harm and interpersonal violence
[ Transport injuries

years, the causes of death were road injuries, self-harm, drowning,
leukemia, and interpersonal violence. In 2019, road injuries and
drowning were the top two causes of death for the two age groups.
The remaining three causes of death among adolescents aged 10—
14 years were leukemia, congenital birth defects, and brain and
central nervous system cancer. However, for adolescents aged 15—
19 years, the leading causes of death were self-harm, leukemia,
and falls.

3.3. Trends in predicting NCD mortality rates
up to 2030

Figures 6A-C shows the trend in mortality rates of NCDs among
Chinese adolescents from 1990 to 2019 and the predictions up to
2030. The mortality rates are expected to decline continuously for
the next 11 years, reaching 6.0 (95%UI 3.2 to 8.9) in 2030. In 2016,
a percentage change of —45.4% from 11.1 (95%UI 10.0 to 12.3),
more than one-third, was found. The death rate for girls (percentage
change: —50.1%, from 9.0 in 2016 to 4.5 in 2030) was predicted to
decrease more than two times as fast as that for boys (percentage
change: —24.5%, from 12.9 in 2016 to 9.7 in 2030). Regarding Level 2
categories of death causes, NCDs, except neoplasms, were reduced by
more than a third among all adolescents. Meanwhile, for these causes
of death among all adolescents, in the period from 2015 to 2030, the
mortality of NCDs, except for neoplasms, was predicted to be more
than one-third of the causes (Supplementary Tables S9-S11).
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3.4. Prediction changes in the leading causes
of death up to 2030

The trends in the top 25 causes of death between 2019 and
2030 are illustrated in Figure 7. The top five causes of death (road
injuries, drowning, self-harm, leukemia, and congenital birth defects)
were similar from 2019 to 2030. In addition, it is predicted that
hemoglobinopathies and hemolytic anemia (rank 26), other transport
injuries (rank 29), and meningitis (rank 33) may drop out of the top
25 causes of death by 2030. Contrastingly, drug use disorders (rank
21), foreign bodies (rank 24), and liver cancer (rank 25) are predicted
to be in the top 25 causes of death by 2030. In summary, by 2030,
NCDs may account for more than half (15/25) of the top 25 causes of
death among adolescents.

In male adolescents, the top five causes of death in 2030 are
predicted to be road injuries, drowning, leukemia, self-harm, and
congenital birth defects. Furthermore, other transport injuries (rank
27), meningitis (rank 34), and hemoglobinopathies and hemolytic
anemia (rank 33) may drop out of the top 25 causes of death in male
adolescents by 2030. However, rabies (rank 21), drug use disorders
(rank 22), and liver cancer (rank 24) are expected to increase. In
female adolescents, the top five causes of death are predicted to
be road injuries, leukemia, drowning, congenital birth defects, and
other malignant neoplasms. Regarding causes of death, although
meningitis (rank 32) and tuberculosis (rank 38) may drop out of the
top 25 causes of death, tracheal, bronchial, and lung cancer (rank
23) and drug use disorders (rank 25) will increase in rank for female
adolescents (Supplementary Figures S7, S8).
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TABLE 2 The proportion for three categories of adolescents aged 10-19
years in China, 1990 and 2019.

Proportion of all causes of Difference
death (95%UI) (%)
1990 2019

Total

Injuries 55.4% 57.6% 2.2
(53.7%—29.1%) (55.4%—59.0%)

NCDs 32.4% 37.1% 4.7
(29.9%—33.6%) (35.9%—39.0%)

CMNN 12.2% 5.3% —6.9
(10.5%—13.8%) (4.8%—5.9%)

Male

Injuries 60.0% 62.3% 23
(58.0%—65.3%) (59.1%—63.7%)

NCDs 29.8% 33.2% 34
(26.2%—31.3%) (31.8%—35.8%)

CMNN 10.2% 4.5% —5.7
(8.2%—11.6%) (4.1%—5.2%)

Female

Injuries 47.0% 46.7% —0.3
(45.2%—48.7%) (45.1%—47.8%)

NCDs 37.2% 46.2% 9.0
(35.6%—38.5%) (44.8%—47.6%)

CMNN 15.8% 7.2% —-8.6

(14.3%—18.1%) (6.6%—8.0%)

Total (10-14)

Injuries 54.4% 56.5% 2.1
(52.4%—58.0%) (53.8%—58.3%)

NCDs 30.5% 36.9% 6.4
(28.5%—31.9%) (35.2%—39.3%)

CMNN 15.6% 6.6% —9.0

(12.8%—17.1%) (6.0%—7.5%)

Total (15-19)

Injuries 55.9% 58.2% 23
(54.1%—59.9%) (55.7%—59.6%)

NCDs 33.5% 37.2% 3.7
(30.5%—34.8%) (36.0%—39.4%)

CMNN 10.7% 4.5% —6.2

(9.1%—12.4%) (4.2%—5.1%)

3.5. Sensitivity analyses

For the projection of NCDs among adolescents, the ARIMA
model’s predictive validity test presented a MAPE of 3.31%, and the
P-value of the Ljung-Box test was >0.05. In four major chronic
diseases, the MAPE was all <10%, and all P-values were >0.05. In
boys, the MAPE of NCDs was 5.79%, with a P > 0.05. However
(except for cardiovascular disease), in four major chronic diseases,
the MAPE was all <10%, and the P > 0.05. Among girls, the MAPE
of NCDs was 3.40%, with a P > 0.05. Moreover, the MAPE ranged
from 4.12 to 11.37% in four major chronic diseases, and P > 0.05
(Supplementary material 3).

For the projection of the 118 causes of death in total adolescents,
the MAPE was <10% for 111 causes of death, with P > 0.05. Among
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girls, the MAPE was <10% for 115 causes of death, with P > 0.05,
except for two causes of death. In boys, the MAPE was <10% for 116
causes of death, with P > 0.05 (Supplementary material 4).

4. Discussion

This study provides a comprehensive assessment of mortality and
causes of death among adolescents in China from 1990 to 2019 and
predicts trends in NCD mortality and changes in leading causes of
death through 2030. Over the last 29 years, China has had significant
success in lowering mortality among teenagers aged 10-19 years,
particularly among girls and younger adolescents. Furthermore,
compared with different income countries, all-cause mortality rates
in China in 2019 were lower than the average level of high-income
countries and more than two times as low as in upper-middle-income
countries. The mortality rates for Level 1 causes of death declined
from 1990 to 2019, with the largest reduction being for CMNN
and the smallest for NCDs. Injuries remain a large contributor
to adolescent deaths, with road injuries, drowning, and self-harm
particularly prominent. Even though the reduction in NCD mortality
is the smallest among the three Level 1 categories, it is still possible
to achieve the target of reducing premature mortality by one-third
between 2016 and 2030.

Before 2019, several studies reported a steady reduction in
mortality rates among Chinese adolescents aged over 19 years old,
with the exception of a spike in 2008 due to the Wenchuan earthquake
(14, 15). Consistent with these studies, downward trends were found
in the mortality rates of adolescents aged 10-19; however, when
compared to a study using data from the GBD 2016 (14), it was found
that the all-cause mortality rates of adolescents in this study were
lower than the average level of high-income countries. This finding is
consistent with a review that concluded that the Chinese adolescent
mortality rate is becoming comparable to that of European countries
(24), indicating progress in adolescent mortality reduction over the
past 29 years.

In 2016, the HC2030 planning program was introduced, which
included a series of special actions focusing on adolescents, such
as preventing and controlling four major chronic diseases and
promoting physical fitness among students (9). The HC2030
provides an unprecedented opportunity to improve the health and
wellbeing of Chinese adolescents (24). In the future, it should be
guided by HC2030 to enhance multisectoral cooperation and cross-
sectoral actions while addressing emerging health issues among
Chinese adolescents.

Despite a general decline in mortality over the past 29 years, this
rate of decline in this study varied between the sexes. Addressing
inequities in access to health services is significant in promoting
adolescent health worldwide and has been the focus of previous
programs (7). A previous study found a marked difference regarding
sex in adolescent mortality (13). Compared with female adolescents,
the mortality rate for male adolescents was higher and declined more
slowly. Furthermore, the study also indicates that the mortality rates
of injuries (especially road injuries and drowning) were almost six
times higher in boys than in girls. A cohort study from Canada found
that boys tended to have a higher probability of death, particularly
from the age of 14 years, and injuries accounted for 77% of deaths in
boys aged 19 years old (25). This difference in this age group may be
associated with boys having greater risk-taking behaviors than girls
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281(221 to 364) -38.9(-62.4 to -18.8) -16.0(-40.0 to 3.3)

275(240 to 309) -75.6(-82.5 to -60.1) -61.5(-69.0 to -51.2)

(26). Therefore, gender-specific policies are expected to further lower
gender inequalities in mortality among Chinese adolescents.
Promoting adolescent health also requires addressing disparities
in access to health services among different age groups. Consistent
with a previous study (14), this study found that the mortality rate
among adolescents aged 15-19 years shows a downward trend but is
slower and higher than that among those aged 10-14 years. Similarly,
although some causes of death were similar across age groups, there
were differences in the leading causes of death. The findings of this
study are similar to those of Dong et al. (15), who found that the top
five causes of death among adolescents aged 10-14 years were mainly
attributed to NCDs; however, among adolescents aged 15-19 years,
the top five causes of death were attributed to injuries. Therefore,
it is essential to reorganize priorities and implement age-specific
strategies to prevent premature death among Chinese adolescents.
The injuries included in the data are preventable. Efforts to
prevent injury-related harm among adolescents will improve their
health and wellbeing and promote socioeconomic growth and
development (27). This study found that injuries were the main
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contributors to death among adolescents aged 10-19 years, including
unintentional injuries (e.g., road injuries and drowning). The findings
of this study are consistent with those of previous studies (14,
15). Globally, injuries, particularly road injuries and drowning, are
the leading causes of adolescent death, causing more deaths than
CMNN or NCDs (13). Unintentional injuries have received increased
recognition and are included in various plans worldwide (28). For
road injuries, the WHO has indicated that road safety laws that
address key behavioral risk factors (e.g., speeding, drunk driving, and
not using helmets, seatbelts, or child car safety equipment) could
dramatically reduce deaths (29). Similar legislation, law enforcement,
and actions have been implemented in China to reduce road traffic
mortality (30, 31).

Consequently, over the years, adolescent deaths due to road
injuries have decreased (32). However, the popularity of child
safety seats in China has remained low. According to the reported
data, the utilization rate of child restraint systems (such as child
safety seats) is 2.4% (33). In addition, recent advancements in
transportation in China, such as the widespread use of electric
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bicycles and the emergence of shared bicycle apps, present challenges
for current road traffic safety laws and regulations (34). Therefore,
it is imperative for the society to take organized actions through
legislation, enforcement, and social marketing to improve road safety.

Drowning was the second-most significant contributor to injury
mortality among Chinese adolescents aged 10-19 years. According
to available data, drowning in natural bodies of water is the main
cause of adolescent drowning in countries such as Poland, Cuba,
and Japan, while drowning in swimming pools and bathtubs is more
common in the United States and Japan (35). However, among
Chinese adolescents, recreational swimming and unintentional falls
into natural water bodies were the most prominent causes of
drowning, particularly in rural areas. Factors such as the inability
to swim, exposure to largely unprotected waterways, and lack of
supervision contribute to high drowning rates (36). As advocated by
the WHO, intersectoral action is necessary to implement effective
interventions such as supervision, water skills training, the provision
of flotation aids, and fencing (37). Unfortunately, in Chinese laws
and regulations, interventions proven to prevent drowning are scarce,
and the associated implementation responsibilities are often poorly
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classified (38). The Chinese government should incorporate these
interventions into laws and regulations to address these issues and
clearly assign implementation responsibility to a specific department
within the national government.

Self-harm was found to be the third leading cause of death
among adolescents aged 10-19 years in China, with the highest
mortality rate among male adolescents. Compared with a study
using data from GBD 2016 (14), the rank of self-harm is rising as a
cause of death, illustrating how self-harm is increasingly impacting
Chinese adolescents. A 2021 United Nations Children’s Fund report
indicated that suicide was the fifth most common cause of death
for boys and girls aged 10-19 worldwide (39). Depression is the
most common mental disorder among people who die by suicide
(40). Previous studies suggest that major depressive disorder could
increase the risk of suicidal ideation, suicide attempts, and suicide
completion among adolescents (41). A study conducted in China
using a large-scale sample showed that the prevalence of depressive
disorders was 3.0%, with girls having a higher rate than boys,
especially for major depressive disorder (42). Poisoning, especially
with pesticides, was the most common suicide method in China (43);
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FIGURE 5

Top 25 causes of death in China, aged 15-19 years, both sexes, 1990 and 2019.

furthermore, suicide methods, such as charcoal burning and jumping,
have increased partly due to the Internet’s development, urbanization,
and greater use of high-rise buildings (44). Global suicide prevention
strategies include a range of components, such as reducing access
to common lethal means, responsible reporting by the media,
and early identification and management of mental disorders
(45). Therefore, China should adopt these strategies and advocate
for schools to complement and introduce psychosocial suicide
prevention interventions, particularly school-based awareness and
skill training interventions that solve both suicidality and underlying
psychopathological problems among adolescents.

Other leading causes of death among adolescents aged 10-19
years are preventable or treatable with high-quality healthcare. For
example, leukemia mortality remains high in China; however, a study
conducted in the United States has shown that leukemia mortality
can be reduced using standardized guidelines, consultative support,
and expertise sharing (46). Certain congenital birth defects can be
avoided or surgically treated (e.g., folic acid supplementation to
prevent neural tube defects) (47). Prenatal screening policies and

Frontiersin Public Health

pregnancy termination could partly reduce adolescent deaths due to
congenital anomalies (48). Although the leading causes of mortality
for both sexes and ages were comparable, differences were found
in unintentional injuries, neoplasms, and cardiovascular diseases,
highlighting the need for sex- and age-specific measures to prevent
premature death. With increasing emphasis on the dangers of NCDs,
the 2016 Global Strategy for Women’s, Children’s, and Adolescents’
Health has increased recognition of the crucial role of adolescents in
the global targets for universal health coverage. The global strategy
includes reducing the premature mortality rate of NCDs by one-third
from 2016 to 2030 (3). To achieve this, China released documents and
initiatives to prevent and control major chronic diseases and improve
adolescent health (8, 9). In our study, the NCD mortality rates, with
a reduction of 45.4% from 2016 to 2030, were expected to meet
this goal. The four major chronic diseases (excluding neoplasms)
are predicted to meet this goal among all adolescents. However,
the attainment of this goal varies across the sexes. In 2019, NCDs
accounted for approximately half (11/25) of the top 25 causes of
death; however, in 2030, NCDs may account for more than half
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(14/25) of the top 25 causes of death. This indicates that the current
Chinese actions and strategies may have achieved the initial results.
Nevertheless, the country should introduce targeted strategies to
address specific diseases (such as neoplasms) and gender inequality
to prevent premature deaths from NCDs.

The common limitations of the GBD data in estimating all-cause
and cause-specific mortality have been reported in previous studies
(12, 13). This study had some limitations. All results in this report
were derived from the estimated data from the GBD study, which
is considered reliable and comprehensive; however, the results are
limited by the quality of the original data (such as underreporting, the
misclassification of causes of death, and garbage codes). Additionally,
we could not incorporate the Uls of the GBD data into the ARIMA
models when predicting, and only the time series of the estimated
means were used in the models. Therefore, the forecast is based solely
on past trends in NCD mortality and does not include other factors
that may affect future changes.

5. Conclusion

There has been a dramatic decline in mortality and a large
variation in trends in cause-specific mortality rates among Chinese
adolescents aged 10-19 years between 1990 and 2019. The most
significant reduction was observed in CMNN, while the least
reduction was observed in NCDs. Injuries were major contributors
to deaths, with road injuries, drowning, and self-harm being
particularly prominent. Although the mortality rate of NCDs
declined at a slower rate than that of CMNN and injuries, it
is expected to meet the reduction indicators set by the Global
Strategy for Women’s, Children’s, and Adolescents’ Health (2016-
2030) and HC2030 by 2030. However, the disparity in mortality
rates between sexes and age groups persists. Therefore, refocusing
health policies on male adolescents and older adolescents, especially
regarding road injuries, drowning, and self-harm, is essential.
Policies should also focus on NCDs, including congenital birth
defects and certain cancers, to ensure that health institutions have
a greater capacity to respond. Although progress has been made
in reducing mortality over time, further efforts to coordinate
actions between governments and stakeholders such as legislators,
healthcare professionals, and community members can accelerate
the decline.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

References

1. World Health Organization. Adolescent Health. (2022). Available online at:
https://www.who.int/health-topics/adolescent-health#tab=tab_1 (accessed  August
10, 2022).

2. Viner RM, Barker M. Young peoples health: the need for action. BMJ. (2005)
330:901-3. doi: 10.1136/bmj.330.7496.901

Frontiers in Public Health

10.3389/fpubh.2023.1075858

Author contributions

JZ and LN conceptualized and designed the study, completed
the statistical analyses, drafted the initial article, and reviewed and
revised it. YL contributed to the conceptualization and design of
the study, supervised the data collection, the statistical analyses, the
initial drafting of the article, and reviewed and revised the article. CZ
and JH assisted with the statistical analyses and critically reviewed
and revised the article. JZ and LN had full access to all the data in
this study and had final responsibility for the decision to submit it for
publication. All authors approved the final article as submitted and
agreed to be accountable for all study aspects.

Funding

This study was supported by the China Medical Board (grant
number: 21-425). The sponsor had no role in the study design, data
collection, analysis, interpretation, or manuscript writing.

Acknowledgments

We thank the Global Burden of Disease Study 2019 for providing
all the data in this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.
1075858/full#supplementary-material

3. United Nations Children’s Fund. The Global Strategy for Women’s, Children’s
and Adolescents’ Health. (2016). Available at online: https://data.unicef.org/resources/
global-strategy-womens-childrens-adolescents-health/ (accessed May 27, 2022).

4. Kuruvilla S, Bustreo F, Kuo T, Mishra CK, Taylor K, Fogstad H, et al. The Global
strategy for women’s, children’s and adolescents” health (2016-2030): a roadmap based

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1075858
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1075858/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1075858/full#supplementary-material
https://www.who.int/health-topics/adolescent-health#tab=tab_1
https://doi.org/10.1136/bmj.330.7496.901
https://data.unicef.org/resources/global-strategy-womens-childrens-adolescents-health/
https://data.unicef.org/resources/global-strategy-womens-childrens-adolescents-health/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Zhu et al.

on evidence and country experience. Bull World Health Organ. (2016) 94:398-400.
doi: 10.2471/BLT.16.170431

5. WHO, HIV/AIDS JUNPo, UNFPA, UNICEE, UN-Women, and Group WB. Survive,
Thrive, Transform: Global Strategy for Women’s, Children’s and Adolescents’ Health (2016-
2030)-—2018 monitoring report: Current Status and Strategic Priorities. Geneva: World
Health Organization (2018).

6. Child Health Task Force. Indicator and Monitoring Framework for the
Global Strategy for Women5, Children’s, and Adolescents’ Health (2016-2030).
Available online at: https://www.childhealthtaskforce.org/resources/workshop-materials/
201,’/’indic;m,yr—;md—monimring—frnmcwork—glob;11—stratcgy—wmncn> (accessed May 29,

2022).

7. World Health Organization. World Health Statistics Overview 2019: Monitoring
Health for the SDGs, Sustainable Development Goals. (2019). Available online at: https:
//apps.who.int/iris/handle/10665/311696 (accessed May 29, 2022).

8.Bao Y, Meng S, Sun Y, Jie S, Lu L. Healthy China Action plan empowers child and
adolescent health and wellbeing. Lancet Public Health. (2019) 4:e448. doi: 10.1016/5s2468-
2667(19)30164-1

9. The Central People’s Government of the People’s Republic of China. The
Central People’s Government of the Peoples Republic of China and The State
Council Issued the “Healthy China 2030” Plan Outline. (2016). Available online
at: http://www.gov.cn/zhengce/2016-10/25/content_5124174.htm (accessed June 28,
2022).

10. National Bureau of Statistics. China Population Census Year Book 2020. (2021).
Available online at: http://www.stats.gov.cn/tjsj/pesj/rkpe/7rp/zk/indexch htm (accessed
June 28, 2022).

11. United Nations Inter-Agency Group for Child Mortality Estimation (UNIGME).
Levels and Trends in Child Mortality: Report 2020—Estimates Developed by the United
Nations Inter-Agency Group for Child Mortality. United Nations Children’s Fund
(2020).

12. Kyu HH, Stein CE, Pinto CB, Rakovac I, Weber MW, Purnat TD, et al. Causes
of death among children aged 5-14 years in the WHO European Region: a systematic
analysis for the Global Burden of Disease Study 2016. Lancet Child Adolesc Health. (2018)
2:321-37. doi: 10.1016/52352-4642(18)30095-6

13. GBD 2019 Adolescent Mortality Collaborators. Global, regional, and national
mortality among young people aged 10-24 years, 1950-2019: a systematic analysis for the
Global Burden of Disease Study 2019. Lancet. (2021) 398:1593-618. doi: 10.1016/s0140-
6736(21)01546-4

14. Xu RB, Wen B, Song Y, Luo DM, Dong YH, Dong B, et al. The change in mortality
and major causes of death among Chinese adolescents from 1990 to 2016. Zhonghua
Yu Fang Yi Xue Za Zhi. (2018) 52:802-8. doi: 10.3760/cma.j.issn.0253-9624.2018.
08.006

15. Dong Y, Hu P, Song Y, Dong B, Zou Z, Wang Z, et al. National and
subnational trends in mortality and causes of death in Chinese Children and
Adolescents aged 5-19 years from 1953 to 2016. ] Adolesc Health. (2020) 67:S3-13.
doi: 10.1016/j.jadohealth.2020.05.012

16. Global Burden of Disease Collaborative Network. Global Burden of Disease Study
2019 (GBD 2019) Data Resources. (2019). Available online at: https://www.healthdata.org/
gbd/2019 (accessed May 4, 2022).

17. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases
and injuries in 204 countries and territories, 1990-2019: a systematic analysis for the
global burden of disease study 2019. Lancet. (2020) 396:1204-22. doi: 10.1016/s0140-
6736(20)30925-9

18. Zhou M, Wang H, Zhu J, Chen W, Wang L, Liu S, et al. Cause-specific mortality
for 240 causes in China during 1990-2013: a systematic subnational analysis for the
Global Burden of Disease Study 2013. Lancet. (2016) 387:251-72. doi: 10.1016/s0140-
6736(15)00551-6

19. The World Bank. Country and Lending Groups. (2021). Available online at: https:
//datahelpdesk.worldbank.org/knowledgebase/articles/906519 (accessed May 28, 2022).

20. Shumway RH, Stoffer DS. Time Series Analysis and Its Applications: With R
Examples, Third Edition. Berlin: Springer (2010).

21. Hyndman RJ, Khandakar Y. Automatic time series forecasting: the forecast Package
for R. J Stat Softw. (2008) 27:1-22. doi: 10.18637/jss.v027.i03

22. Zheng A, Fang Q, Zhu Y, Jiang C, Jin F, Wang X. An application of ARIMA model
for predicting total health expenditure in China from 1978-2022. J Glob Health. (2020)
10:010803. doi: 10.7189/jogh.10.010803

23. Zhu D, Zhou D, Li N, Han B. Predicting diabetes and estimating its economic
burden in China using autoregressive integrated moving average model. Int J Public
Health. (2021) 66:1604449. doi: 10.3389/ijph.2021.1604449

24. Dong B, Zou Z, Song Y, Hu P, Luo D, Wen B, et al. Adolescent
health and healthy China 2030: a review. J Adolesc Health. (2020) 67:524-31.
doi: 10.1016/j.jadohealth.2020.07.023

Frontiersin Public Health

12

10.3389/fpubh.2023.1075858

25. Ray JG, Guttmann A, Silveira J, Park AL. Mortality in a cohort of 3.1 million
children, adolescents and young adults. | Epidemiol Commun Health. (2020) 74:260-8.
doi: 10.1136/jech-2019-213365

26. Crone EA, van Duijvenvoorde AC, Peper JS. Annual research review: neural
contributions to risk-taking in adolescence—developmental changes and individual
differences. ] Child Psychol Psychiatry. (2016) 57:353-68. doi: 10.1111/jcpp.12502

27. Sleet DA, Ballesteros ME Borse NN. A review of unintentional
injuries in adolescents. Annu Rev Public Health. (2010) 31:195-2124.
doi: 10.1146/annurev.publhealth.012809.103616

28. Adolescents 2030. Make Adolescent Wellbeing a Priority: An Urgent Call to Action.
(2020). Available online at: https://www.adolescents2030.0rg/ (accessed July 14, 2022).

29. Jackisch J, Sethi D, Mitis F, Szymanski T, Arra I. European Facts and the Global Status
Report on Road Safety 2015. Copenhagen: World Health Organization Regional Office for
Europe (2015).

30. The Central People’s Government of the People’s Republic of China. Opinions of
the State Council on Strengthening Road Traffic Safety Work. (2012). Available online at:
http://www.gov.cn/zwgk/2012-07/27/content_2193042.htm (accessed June 28, 2022).

31. Huang H, Yin Q, Schwebel DC Li L, Hu G. Examining road traffic
mortality status in china: a simulation study. PLoS ONE. (2016) 11:¢0153251.
doi: 10.1371/journal.pone.0153251

32. Liu YE Dang JJ, Zhong PL, Ma N, Shi D, Song Y. Injury mortality among Chinese
aged 5 to 24 years from 1990 to 2019. Beijing Da Xue Xue Bao Yi Xue Ban. (2022)
54:498-504. doi: 10.19723/j.issn.1671-167X.2022.03.015

33. Yan S, Ding K, Yang J, Ye W, Li L. Prevalence of child passenger restraint
use in Shantou, China from 2012 to 2017. BMC Public Health. (2020) 20:807.
doi: 10.1186/512889-020-08859-3

34. Wang X, Yu H, Nie C, Zhou Y, Wang H, Shi X. Road traffic injuries in China from
2007 to 2016: the epidemiological characteristics, trends and influencing factors. Peer].
(2019) 7:7423. doi: 10.7717/peerj.7423

35. Wu Y, Huang Y, Schwebel DC, Hu G. Unintentional child and adolescent drowning
mortality from 2000 to 2013 in 21 countries: analysis of the WHO mortality database. Int
J Environ Res Public Health. (2017) 14:¢875. doi: 10.3390/ijerph14080875

36. Wang L, Cheng X, Yin P, Cheng P, Liu Y, Schwebel DC, et al. Unintentional
drowning mortality in China, 2006-2013. Inj Prev Feb. (2019) 25:47-51.
doi: 10.1136/injuryprev-2017-042713

37. World Health Organization. Global Report on Drowning: Preventing a Leading
Killer. Geneva: WHO (2014).

38. Li L, Scherpbier R, Wu J, et al. Legislation coverage for child injury prevention in
China. Bull World Health Organ. (2015) 93:169-75. doi: 10.2471/blt.14.139998

39. United Nations Children’s Fund. The State of the Worlds Children
2021: On My Mind—Promoting, Protecting and Caring for Children’s Mental
Health.  (2021).  Available online at:  https://www.unicef.org/lac/en/reports/
state-of-the-worlds-children-2021-on-my-mind (accessed October, 2021).

40. Herrman H, Patel V, Kieling C, Berk M, Buchweitz C, Cuijpers P, et al. Time
for united action on depression: a Lancet-World Psychiatric Association Commission.
Lancet. (2022) 399:957-1022. doi: 10.1016/s0140-6736(21)02141-3

41. US Preventive Services Task Force. Screening for depression and suicide risk in
children and adolescents: US Preventive Services Task Force Recommendation Statement.
JAMA. (2022) 328:1534-42. doi: 10.1001/jama.2022.16946

42, LiE Cui Y, Li Y, Guo L, Ke X, Liu J, et al. Prevalence of mental disorders in school
children and adolescents in China: diagnostic data from detailed clinical assessments of
17,524 individuals. ] Child Psychol Psychiatry. (2022) 63:34-46. doi: 10.1111/jcpp.13445

43. Cheng Q, Zhang X, Lui C, Yip PSF. Suicide research in Mainland China, Hong Kong,
and Macau over three decades. Crisis. (2021) 42:455-64. doi: 10.1027/0227-5910/a000743

44. Cheng Q, Chang SS, Guo Y, Yip PS. Information accessibility of the
charcoal burning suicide method in Mainland China. PLoS ONE. (2015) 10:e0140686.
doi: 10.1371/journal.pone.0140686

45. World Health Organization. Comprehensive Mental Health Action Plan 2013-2030.
Geneva: WHO (2021).

46. Jillella AP, Kota VK. The global problem of early deaths in acute promyelocytic
leukemia: a strategy to decrease induction mortality in the most curable leukemia. Blood
Rev. (2018) 32:89-95. doi: 10.1016/j.blre.2017.09.001

47. Higashi H, Barendregt JJ, Kassebaum NJ, Weiser TG, Bickler SW, Vos T. The burden
of selected congenital anomalies amenable to surgery in low and middle-income regions:
cleft lip and palate, congenital heart anomalies and neural tube defects. Arch Dis Child.
(2015) 100:233-8. doi: 10.1136/archdischild-2014-306175

48. Chen Y, Qian X, Li ], Zhang J, Chu A, Schweitzer SO. Cost-effectiveness analysis
of prenatal diagnosis intervention for Down’s syndrome in China. Int ] Technol Assess
Health Care. (2007) 23:138-45. doi: 10.1017/50266462307051689

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1075858
https://doi.org/10.2471/BLT.16.170431
https://www.childhealthtaskforce.org/resources/workshop-materials/2017/indicator-and-monitoring-framework-global-strategy-womens
https://www.childhealthtaskforce.org/resources/workshop-materials/2017/indicator-and-monitoring-framework-global-strategy-womens
https://apps.who.int/iris/handle/10665/311696
https://apps.who.int/iris/handle/10665/311696
https://doi.org/10.1016/s2468-2667(19)30164-1
https://doi.org/10.1016/s2468-2667(19)30164-1
http://www.gov.cn/zhengce/2016-10/25/content_5124174.htm
http://www.stats.gov.cn/tjsj/pcsj/rkpc/7rp/zk/indexch.htm
https://doi.org/10.1016/s2352-4642(18)30095-6
https://doi.org/10.1016/s0140-6736(21)01546-4
https://doi.org/10.1016/s0140-6736(21)01546-4
https://doi.org/10.3760/cma.j.issn.0253-9624.2018.08.006
https://doi.org/10.3760/cma.j.issn.0253-9624.2018.08.006
https://doi.org/10.1016/j.jadohealth.2020.05.012
https://www.healthdata.org/gbd/2019
https://www.healthdata.org/gbd/2019
https://doi.org/10.1016/s0140-6736(20)30925-9
https://doi.org/10.1016/s0140-6736(20)30925-9
https://doi.org/10.1016/s0140-6736(15)00551-6
https://doi.org/10.1016/s0140-6736(15)00551-6
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519
https://doi.org/10.18637/jss.v027.i03
https://doi.org/10.7189/jogh.10.010803
https://doi.org/10.3389/ijph.2021.1604449
https://doi.org/10.1016/j.jadohealth.2020.07.023
https://doi.org/10.1136/jech-2019-213365
https://doi.org/10.1111/jcpp.12502
https://doi.org/10.1146/annurev.publhealth.012809.103616
https://www.adolescents2030.org/
http://www.gov.cn/zwgk/2012-07/27/content_2193042.htm
https://doi.org/10.1371/journal.pone.0153251
https://doi.org/10.19723/j.issn.1671-167X.2022.03.015
https://doi.org/10.1186/s12889-020-08859-3
https://doi.org/10.7717/peerj.7423
https://doi.org/10.3390/ijerph14080875
https://doi.org/10.1136/injuryprev-2017-042713
https://doi.org/10.2471/blt.14.139998
https://www.unicef.org/lac/en/reports/state-of-the-worlds-children-2021-on-my-mind
https://www.unicef.org/lac/en/reports/state-of-the-worlds-children-2021-on-my-mind
https://doi.org/10.1016/s0140-6736(21)02141-3
https://doi.org/10.1001/jama.2022.16946
https://doi.org/10.1111/jcpp.13445
https://doi.org/10.1027/0227-5910/a000743
https://doi.org/10.1371/journal.pone.0140686
https://doi.org/10.1016/j.blre.2017.09.001
https://doi.org/10.1136/archdischild-2014-306175
https://doi.org/10.1017/s0266462307051689
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Trends in mortality and causes of death among Chinese adolescents aged 10–19 years from 1990 to 2019
	1. Introduction
	2. Methods
	2.1. Data sources 
	2.2. Data presentation
	2.3. Prediction model

	3. Results
	3.1. The mortality trends of Chinese adolescents aged 10–19 years from 1990 to 2019
	3.2. Changes in the proportion of causes of death and leading causes of death from 1990 to 2019 
	3.3. Trends in predicting NCD mortality rates up to 2030
	3.4. Prediction changes in the leading causes of death up to 2030
	3.5. Sensitivity analyses

	4. Discussion
	5. Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


