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Abstract

Background To provide details of the burden and the trend of the cardiovascular disease (CVD) and its risk factors in
adolescent and young adults.

Methods Age-standardized rates (ASRs) of incidence, mortality and Disability-Adjusted Life Years (DALYs) were used
to describe the burden of CVD in adolescents and young adults. Estimated Annual Percentage Changes (EAPCs) of
ASRs were used to describe the trend from 1990 to 2019. Risk factors were calculated by Population Attributable
Fractions (PAFs).

Results In 2019, the age-standardized incidence rate (ASIR), age-standardized mortality rate (ASMR) and age-
standardized DALYs rate (ASDR) of CVD were 129.85 per 100 000 (95% Confidence interval (Cl): 102.60, 160.31), 15.12
per 100 000 (95% Cl: 13.89, 16.48) and 990.64 per 100 000 (95% Cl: 911.06, 1076.46). The highest ASRs were seen in
low sociodemographic index (SDI) and low-middle SDI regions. The burden was heavier in male and individuals aged
35-39. From 1990 to 2019, 72 (35.29%) countries showed an increasing trend of ASIR and more than 80% countries
showed a downward trend in ASMR and ASDR. Rheumatic heart disease had the highest ASIR and Ischemic Heart
Disease was the highest in both ASMR and ASDR. The main attributable risk factor for death and DALYs were high
systolic blood pressure, high body-mass index and high LDL cholesterol.

Conclusions The burden of CVD in adolescent and young adults is a significant global health challenge. It is crucial
to take into account the disparities in SDI levels among countries, gender and age characteristics of the population,
primary types of CVD, and the attributable risk factors when formulating and implementing prevention strategies.
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Introduction
Cardiovascular disease (CVD) is a major threat to human
health [1]. At different ages of life, individuals may be at
risk of CVD. Atherosclerosis beginning in childhood is
the pathological basis of CVD [2, 3]. In addition, although
the hard endpoints of CVD such as stroke or heart attack
usually do not occur in childhood, evidence shows that
the manifestation of CVD risk factors begins in child-
hood, especially poor diet and obesity [4]. For children
and young adults, rheumatic heart disease (RHD) is the
leading cause of heart failure and the most common type
of CVD requiring cardiac surgery, especially in low- and
middle-income countries [5]. After adulthood, the role of
age as an independent risk factor for CVD becomes more
obvious [6], and CVD is the primary type of disease that
plunders life and affects quality of life until old age.
Adolescents and young adults are usually described as a
subgroup between children and middle-aged and elderly
people, and 15-39 years old is widely recognized as the
age division of this group [7]. This period of time serves
as a link between past and present in our lives [8] and
this age group may also bear the burden of physical and
psychological changes. However, adolescent and young
adults does not receive the same special attention to meet
the disease onset type and age-related treatment and care
needs as children or older adults in existing healthcare
services. Studies have reported the global burden and
trends of CVD [9]. To the best of our knowledge, a com-
prehensive assessment of the CVD burden in the adoles-
cent and young adults is largely unknown or unreported.
The Global Burden of Disease 2019 (GBD 2019) study
released death and health losses from 369 diseases, inju-
ries and impairments and 87 risk factors in 204 coun-
tries and regions around the world from 1990 to 2019
[10]. Therefore, it provides an excellent opportunity to
systematically analyze CVD disease burden and risk fac-
tors of adolescent and young adults globally and in dif-
ferent countries. In this study, we aimed to analyze and
report CVD burden estimates in this distinctive popula-
tion, using age standardized rates and EAPC to focus on
comparing differences of this burden distribution and
changes by gender, and regions with different levels of
economic development, and to describe risk factors using
attributable risk.

Methods

Data source

GBD 2019 was a multinational collaborative study that
estimated the burden of disease in every country in the
world. Underlying data sources were censuses, household
surveys, civil registration and vital statistics, disease reg-
istries, disease notification, use of health services, air pol-
lution monitors, satellite imaging and other sources [10,
11]. Through systematic comprehensive evaluation and
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standardization, the GBD 2019 estimated the incidence,
mortality and disability adjusted life years (DALYs) asso-
ciated with diseases and injuries. More details of the
calculation methods had been revealed in previous pub-
lications [10, 12]. According to the purpose of this study,
we extracted data on incidence, mortality, DALYs and
risk factors of CVD in the age range of 15-39 years in
GBD 2019.

Estimation of cardiovascular diseases burden in GBD 2019
GBD 2019 divides all causes into four levels. Cardiovas-
cular diseases was classified as the second level, belong-
ing to the first level of non-communicable diseases, and
are further divided into 11 types at the third level, which
including Rheumatic heart disease, Ischemic heart dis-
ease, Stroke, Hypertensive heart disease, Cardiomyopa-
thy and myocarditis, Atrial fibrillation and flutter, Aortic
aneurysm, Peripheral artery disease, Endocarditis, Non-
rheumatic valvular heart disease, Other cardiovascular
and circulatory diseases. Each of them identified with
standard case definitions [9].

Mortality was calculated as number of deaths
(n)x100,000/population and Cause of Death Ensemble
model and spatiotemporal Gaussian process regression
were used to calculate cause-specific death rates [12, 13].
Incidence rate was calculated as number of new cases (n)
%100,000/population and DALYs was the sum of years
of life lost (YLLs) and years lived with disability (YLDs)
[14]. GBD 2019 used the Bayesian meta-regression mod-
eling tool DisMod-MR2.1 to ensure consistency between
these outcome indicators of disease burden. Uncertainty
intervals (Uls) were provided for every point estimate
using the 25th and 75th ordered 1000 draw values of the
posterior distribution [10].

Estimation of attributable risk factors for CVD in GBD 2019
In GBD 2019, a rule-based synthesis of evidence to
ensure comparable quantification of risk over time and
across populations was used to calculate the disease bur-
den attributable to risk factors [11]. The global disease
burden of CVD in people aged 15-39 can be attributed
to three categories of Behavioral risks, Environmental/
occupational risks and Metabolic risks, with a total of 27
detailed risk factors. They included Ambient particulate
matter pollution, Smoking, Alcohol use, High body-mass
index, Diet low in fruits, Diet high in sodium, Kidney
dysfunction and so on.

Statistical analysis

The age-standardized incidence rate (ASIRs), age-
standardized mortality rate (ASMR) and age-stan-
dardized DALYs rate (ASDR) with 95% Uls were used
to describe the disease burden of CVD in adoles-
cent and young adults. The following equation was
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used to calculate the age-standardized rates (ASRs):
age — standardized rate = 251, Where a, was the
age-specific rate and w; was the 'weight in the same age
subgroup of the chosen reference standard population,
which was the world standard population (WHO 2000—
2025) [11].

The estimated annual percentage changes (EAPCs)
in the ASRs were used to evaluate the trend in the bur-
den of CVD in adolescent and young adults. The natural
logarithm of the ASR was fitted to the following regres-
sion line model: In (ASR) = a+fx + ¢, where x is the cal-
endar year. The EAPC and its 95% confidence interval
(CI) were derived from the following regression model:
y=100x(exp (B)—1), where y is the EAPC. When the
95%CI lower limit of the estimated EAPC was greater
than 0, ASRs was considered to be on the rise during the
observation period. On the contrary, when the upper
limit of 95%CI of the EAPC estimate is less than 0, there
is a downward trend. When 95%CI contains 0, the trend
change is not statistically significant [15, 16]. The Popula-
tion Attributable Fractions (PAFs) were used to compare
the effects of different risk factors [17]. Data collation and
analysis and graphical rendering were performed using
Python and R software (version 3.5.3).

Results

The ASIR of CVD in individuals aged 15-39 years

In 2019, there were an estimated 3.87 million (95% UI:
332.70-446.79) incident CVD cases among individuals
aged 15-39 years worldwide and the ASIR was 129.85
per 100 000 (95% CI: 102.60, 160.31). The highest ASIRs
were seen in low SDI and low-middle SDI. (Table 1). The
countries with higher ASIR were mainly distributed in
sub-Saharan Africa, Central Asia, Western Asia, and
northern part of East Asia. (Fig. 1).

In terms of trends, the change in ASIR attributable to
CVD among people aged 15-39 years showed a non-
significant global upward trend from 1990 to 2019, with
an EAPC point estimate of 0.04 and a 95%CI containing
zero. In different SDI regions, high-middle SDI regions
and middle SDI regions showed regional downward
trends, while other SDI regions remained stable. In all
204 countries, 72 (35.29%) countries showed an increas-
ing trend of ASIR, mainly distributed in Western Asia,
Southeast Asia, East Asia, North Africa and Eastern
Europe. Especially in Saudi Arabia, EAPC of ASIR was
1.25 (95%CI: 1.21, 1.29). (Table 1; Fig. 1).

In different genders, from 1990 to 2019, ASIR attribut-
able to CVD showed a slight upward trend in male aged
15-39 years, and the EAPC of ASIR was 0.09 (95%CI:
0.04, 0.14), while the trend in female was not statistically
significant. Among different age groups, EAPCs of ASIRs
were 0.52 (95%CI: 0.45, 0.60) and 0.11 (95%CI: 0.01, 0.21)
in age group 15-19 and 20-24, respectively. There was
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no significant decrease in ASIR in age group 25-29, while
the burden of CVD in other age groups showed a down-
ward trend. (Figure S1).

The ASMR and ASDR of CVD in individuals aged 15-39
years

In 2019, there were 455.85 thousand (95% UI: 420.27-
493.99) deaths attributed to CVD among individuals
aged 15-39 years and the DALYs were 29.78 million
(95%UTI: 27.62-32.14). The ASMR and ASDR were 15.12
per 100 000 (95% CI: 13.89, 16.48) and 990.64 per 100
000 (95% CI: 911.06, 1076.46). (Table 1). Countries with
heavier burden of ASMR and ASDR were concentrated
in Eastern Europe, North Asia, Central Asia, West Asia
and North Africa. The highest ASMR was seen in Kiribati
and it was nearly 41 times higher than that of the low-
est country in Switzerland, which were 90.11 per 100 000
(95% CI: 70.64, 112.92) and 2.22 per 100 000 (95% CI:
1.96, 2.52), respectively. (Fig. 1).

Compared with female, this burden was heavier in
male. The ASMRs of female and male were 19.70 per 100
000 (95% CI: 17.93, 21.67) and 10.46 per 100 000 (95% CI:
9.25, 11.63), respectively. Of all five age groups, individu-
als aged 35-39 years had the largest contribution, with
corresponding rates of death and DALYs of 34.93 per 100
000 (95% UI:32.24—37.80) and 1976.74 per 100 000 (95%
UI:1836.29-2125.87). (Table 1, Figure S1).

The changes of ASMR and ASDR attributable to CVD
among people aged 15-39 years showed global down-
ward trends and the values of EAPC were 0.90 (95% CI:
1.01, 0.78) and 0.80 (95% CI: 0.90, 0.71), respectively.
(Table 1). The ASMR and ASDR showed the most obvi-
ous regional downward trend in high SDI regions and
high-middle SDI regions. The values of EAPC of ASMR
were —1.46 (95%CI: -1.58, -1.34) and —1.25 (95%CI: -1.45,
-1.05), and of ASDR were —1.17 (95%CI: -1.28,-1.06) and
—1.15 (95%CL: -1.32, -0.98). (Fig. 2).

In all 204 countries, 167 (81.86%) countries showed a
downward trend and 23 (11.27%) countries showed an
upward trend, with the most obvious seen in the Phil-
ippines, where EAPC of ASMR was 5.80 (95%CI: 4.79,
6.81). The countries with an upward trend were mainly
distributed in South Asia, Southeast Asia, East Asia, sub-
Saharan Africa and Northern Europe. Similar to ASMR,
the ASDR of most countries showed a downward trend,
while 21 countries increased, and 16 countries kept sta-
ble. (Fig. 2).

The ASMR and ASDR of different genders showed
a downward trend, and it was more obvious in female,
especially in the gap of ASMR decline. EAPCs of ASMR
were —1.59 (95%CI:-1.76,-1.42) in female and —1.34
(95%CI:-1.48,-1.20) in male, EAPCs of ASDR were —0.48
(95%CI: -0.59, -0.38) in female and —0.44 (95%CI: -0.54,
-0.35) in male. (Table 1; Fig. 3)
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Fig. 1 The distribution of cardiovascular disease (CVD) burden in adolescent and young adults by countries and regions in 2019
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Fig. 2 Temporal trend of cardiovascular disease (CVD) burden in adolescent and young adults by countries and regions from 1990 to 2019
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CVD types in individuals aged 1539 years.

RHD had the highest ASIR in individuals aged 15-39
years, which was 50.37 per 100 000 (95%CI: 28.88, 74.15),
followed by Stroke and Ischemic heart disease (IHD).
IHD was the highest in both ASMR and ASDR, with cor-
responding rates of 7.02 per 100 000 (95%ClI: 6.41, 7.76)
and 402.58 per 100 000 (95%CI: 367.59, 445.01). RHD
had the highest burden in 15-19 years old and there was
a decline with age in individuals aged 15-39 years. The
other several types were characterized by the opposite
age distribution. In addition, the burden of RHD was
the highest in low SDI and low-middle SDI. The ASIR of
Non-rheumatic valvular heart was much higher in high
SDL. (Fig. 4, Figure S2).

Attributable risk factors for death and DALY of CVD in
individuals aged 15-39 years

There were 27 detailed risk factors attributable to death
and DALY in CVD in individuals aged 15-39 years in
GBD 2019. High systolic blood pressure, high body-mass
index and high LDL cholesterol were the top three risk
factors. PAFs of ASMR were 43.60%, 32.73% and 32.17%,
PAFs of ASDR were 40.41%, 30.97% and 28.97%, respec-
tively. The PAFs for ambient particulate matter pollution,
smoking, a diet low in whole grains, and household air
pollution from solid fuels range from 9 to 19%. (Fig. 5).

The distribution had some gender and age character-
istics. The PAFs of smoking for deaths and DALYs were
20.28% and 18.24% in male, which was nearly five times
higher than that in female. Other risk factors such as
ambient particulate matter pollution, diet low in whole
grains, diet high in sodium and alcohol use also played
a more obvious role in male. For female, secondhand
smoke and household air pollution from solid fuels
were the most typical influencing factors, which PAFs of
ASMR were 7.29% and 11.48% and PAFs of ASDR were
6.10% and 10.24%, both higher than those of male. In dif-
ferent age groups, alcohol use and high systolic blood
pressure were more obvious with the increase of age. The
effect of temperature was more consistent in different age
groups. (Fig. 5, Figure S3).

Compared with regions with a low SDI, death burden
for early onset CVD in regions with a high SDI were
more attributable to ambient particulate matter pollu-
tion (16.99% v 8.15%), smoking (24.18% v 6.54%), high
body-mass index (49.40% v 19.32%), diet high in red meat
(11.01% v 2.68%), diet high in processed meat (4.18% v
0.84%), diet high in sugar-sweetened beverages (3.56%
v 0.69%), low physical activity (3.00% v 0.68%) and high
LDL cholesterol (36.69% v 20.52%). In contrast, contribu-
tions to death were greater in regions with a low SDI for
household air pollution from solid fuels (18.48% v 0.09%),
lead exposure (2.57% v 0.36%) and diet low in veg-
etables (7.03% v 4.25%) compared with a high SDI. The
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attributable risk factors for DALYs were similar. (Fig. 5,
Figure S3).

Discussion

Statement of principal findings

The disease burden of CVD in adolescents and young
adults and its changing trend are important public health
issues worthy of attention. In this study, we system-
atically analyzed the study data of GBD 2019 and there
were some clear findings. In terms of absolute numbers,
compared with other major chronic non-communicable
diseases, such as cancer [8], the incidence, mortality
and DALYs of CVD in adolescent and young adults are
heavier. From the perspective of changing trends, the
incidence rate of CVD in adolescents and young adults
keep stable except in male, and the mortality and DALYs
rate were decreasing. The distribution and changing
trend of the burden have distinct characteristics related
to the level of socioeconomic development, age and gen-
der. We also found that the strength of the attributable
risk factors for early onset CVD differed by age, gender,
and super regions. These findings can provide clues to
understanding the nature of the CVD epidemic in ado-
lescent and young adults and call for action from a global
perspective to address this public health problem.

Regional difference in the burden of CVD in adolescent
and young adults.

Previous studies on early onset CVD mainly focused
on the risk factors in adolescents and young adults [3,
18, 19]. Tomi T et al. [20] followed 856 Finnish partici-
pants with a mean age of 15 years for 21 years and sug-
gested that the pursuit of ideal cardiovascular health in
childhood had positive implications for the prevention
of cardiometabolic outcomes in adulthood. It is critical
to understand the CVD burden and regional distribu-
tion in this distinctive population worldwide. Based on
the GBD 2019 data, we analyzed the data of different
SDI levels and found that the age-standardized rate of
incidence, death and DALYs of CVD among people aged
15-39 years were more serious in regions with lower
SDI. This suggested that this distinctive population face a
large burden of CVD disease globally and there are seri-
ous regional inequalities. In addition, it is worth point-
ing out that incidence, mortality rates, DALYs and DALY
rates were higher in the low SDI regions than in the low-
middle SDI regions, which may be attributed to poorer
screening and diagnosis conditions [21, 22]. Therefore,
there is an urgent need to take measures to control CVD
transmission in adolescents and young adults, especially
in countries with less socioeconomic development.

We found that RHD was the most prevalent type of
CVD in population aged 15-39 years, and most of them
occurred in countries or regions with low or low-mid-
dle SDI. Although reducing streptococcal infection by
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injection of antibiotics can prevent the occurrence of
RHD [23], risk factors such as lack of antibiotics, over-
crowded living conditions, and poor living and sanitary
conditions are common in underdeveloped areas [24].
At the same time, the high incidence of Non-rheumatic
valvular heart disease in adolescent and young adults in
high SDI countries was worthy of attention. It is an inde-
pendent disease type affecting health, and closely related
to arrhythmia and atrial fibrillation [25]. In recent years,
most reports on Non-rheumatic valvular heart disease
focused on the elderly [26], and attention to adolescents
and young adults is lacking. This suggests that we should
pay full attention to the characteristics of CVD types
under different levels of economic development when
improving cardiovascular health services for adolescents
in the future.

Sex and age differences in the burden of CVD in global
adolescents and young adults.

When “inequity” is mentioned in the study of disease
burden, it is not only the impact of socioeconomic devel-
opment, but also gender and age stage should not be
ignored [27, 28]. In this study, we found that gender and
age were important factors influencing the differences in
distribution and change of CVD burden among people
aged 15 to 39 years. Compared with female, the burden
and change trend of incidence, mortality and DALYs
of CVD was heavier in male. Firstly, the reason may be
that estrogen and the resulting HDL in premenopausal

women are to a large extent cardioprotective [29], delay-
ing the onset age of CVD. Secondly, established risk fac-
tors for CVD, such as tobacco, alcohol, unhealthy eating
habits, and poor initiative to seek external support when
stressed, are more common in males [30]. In addition, the
increasing trend of CVD incidence in adolescents aged
15-19 years is of concern, especially in females.

Risk factors in the burden of CVD in global adolescents and
young adults

High systolic blood pressure is a major risk factor for
CVD events and mortality [31]. Similar results were
found in our analysis. HSBP is the leading cause of CVD
burden in global adolescents and young adults with PAF
over 40%. We also found important effects of high body-
mass index and high LDL cholesterol on CVD burden,
both with PAF exceeding 30%. A previous study [32]
showed that a greater proportion of deaths from car-
diovascular causes occurred in higher BMI categories
in younger adults who are overweight and obese. The
increasing prevalence of hypertension and obesity among
children and adolescents has become important public
health issues [33, 34]. In 2016, the global number of girls
and boys who were obese was 50 million and 74 million
respectively, while 213 million children and adolescents
were overweight but below the obesity threshold [35].
This suggests that the control and management of blood
pressure, body weight, and LDL cholesterol should be



Tong et al. BMC Public Health (2024) 24:1017

carried out when developing CVD prevention interven-
tions in adolescents and young adults. Gender differences
in CVD risk factors in adolescents and young adults
should be emphasized.

Strengths and limitations of this study

People aged 15-39 years account for about 38% of the
global population [11]. It is critical to provide detailed
data information on CVD control strategies for health
disparities and inequalities in this distinctive popula-
tion. GBD 2019 allowed us to provide for the first time
the most consistent and detailed global distribution and
change of CVD disease burden in adolescents and young
adults and an overview of its risk factors, with in-depth
comparisons of changing trends by sex and age, by coun-
try or region group, and by risk factors. However, there
were some limitations our study. First, data on CVD in
adolescents and young adults in low socioeconomic
countries were lacking or of very poor quality, limited by
poor screening and data registration. GBD 2019 relied
on available epidemiological findings and used several
techniques to reduce bias and inaccuracy. Although this
cannot completely rule out bias, the criteria for data
calculation were consistent and the quality of the data
is assured, Second, GBD 2019 lacked the division of the
population aged 40 years and older, so we cannot com-
pare the characteristics of CVD burden between ado-
lescents and young adults and adults aged 40 years and
older. Third, in calculating age-standardized rates, we
used confidence intervals instead of uncertainty inter-
vals, which requires caution in the interpretation of our
findings and requires validation with the use of more
real-world studies.

Conclusions

The burden of CVD in adolescents and young adults is a
serious health problem globally, especially among males
and in countries with low to middle levels of SDI. Spe-
cial attention should be paid to the prevention of RHD
in the younger age group. High systolic blood pressure,
high body-mass index and high LDL cholesterol were
the main attributable risk factors. Furthermore, attribut-
able risk factors for CVD differed among adolescents and
young adults across countries with different SDI levels,
genders, and age groups, underscoring the importance of
targeted measures to address this growing global health
problem.

Abbreviations

CvD Cardiovascular disease

GBD 2019  Global Burden of Disease, Injury, and Risk Factor Study 2019
SDI Sociodemographic index

ASRs Age-standardized rates

DALYs Disability-adjusted life years
YLDs Years lived with disability
YLLs Years of life lost

Page 11 of 12

ASIR Age-standardized incidence rate, ASMR: Age-standardized
mortality rate

ASDR Age-standardized DALYs rate. PAFs: Population Attributable
Fractions

Ul Uncertainty interval

@ Confidence interval

EAPCs Estimated annual percentage changes

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-024-18445-6.

[ Supplementary Material 1 J

Acknowledgements
We appreciate the work by GBD 2019 collaborators.

Author contributions

Zhuang Tong: Conceptualization, Data curation, Validation, Writing— original
draft. Yingying Xie: Data curation, Software, Supervision. Kaixiang Li: Data
curation, Validation. Yuan Ruixia: Conceptualization, Data curation, Supervision,
Writing— review & editing. Liang Zhang: Conceptualization, Data curation,
Supervision, Writing— review & editing.All authors reviewed the manuscript.

Funding

This work was supported by grants from Key Research and Promotion Project
of Henan Province in 2023 (NO.232400411018), the Medical Science and
Technology Research Plan Joint Construction Project of Henan Province (grant
numbers LHGJ 20230197, LHGJ20230274);

Data availability
The datasets used and analyzed during the current study available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Confilicts of interest
The authors declare they have no conflicts of interest.

Received: 4 September 2023 / Accepted: 26 March 2024
Published online: 12 April 2024

References

1. Mensah GA, Roth GA, Fuster V. The Global Burden of Cardiovascular diseases
and Risk factors: 2020 and Beyond. J Am Coll Cardiol. 2019;74(20):2529-32.

2. Gooding H, Johnson HM. The unchartered Frontier: preventive cardiology
between the ages of 15 and 35 years. Curr Cardiovasc Risk Rep 2016, 10.

3. Berenson GS, Srinivasan SR, Bao W, Newman WP 3rd, Tracy RE, Wattigney WA.
Association between multiple cardiovascular risk factors and atherosclero-
sis in children and young adults. The Bogalusa Heart Study. N Engl J Med.
1998;338(23):1650-6.

4. Saeedi P, Shavandi A, Skidmore PML. What do we know about Diet and
markers of Cardiovascular Health in children: a review. Int J Environ Res Public
Health 2019, 16(4).

5. ZillaP Yacoub M, Zuhlke L, Beyersdorf F, Sliwa K, Khubulava G, Bouzid A,
Mocumbi AO, Velayoudam D, Shetty D, et al. Global unmet needs in cardiac
surgery. Glob Heart. 2018;13(4):293-303.

6. Rodgers JL, Jones J, Bolleddu SI, Vanthenapalli S, Rodgers LE, Shah K, Karia
K, Panguluri SK. Cardiovascular risks Associated with gender and aging. J
Cardiovasc Dev Dis 2019, 6(2).


https://doi.org/10.1186/s12889-024-18445-6
https://doi.org/10.1186/s12889-024-18445-6

Tong et al. BMC Public Health

20.

(2024) 24:1017

Miller KD, Fidler-Benaoudia M, Keegan TH, Hipp HS, Jemal A, Siegel RL.
Cancer statistics for adolescents and young adults, 2020. CA Cancer J Clin.
2020;70(6):443-59.

Collaborators GBDAYAC. The global burden of adolescent and young adult
cancer in 2019: a systematic analysis for the global burden of Disease Study
2019. Lancet Oncol. 2022;23(1):27-52.

Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM,
Barengo NC, Beaton AZ, Benjamin EJ, Benziger CP, et al. Global Burden of
Cardiovascular diseases and Risk factors, 1990-2019: Update from the GBD
2019 study. J Am Coll Cardiol. 2020;76(25):2982-3021.

Diseases GBD, Injuries C. 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(10258):1204-22.
Collaborators GBDRF. Global burden of 87 risk factors in 204 countries and
territories, 1990-2019: a systematic analysis for the global burden of Disease
Study 2019. Lancet. 2020;396(10258):1223-49.

Collaborators GBDD. Global age-sex-specific fertility, mortality, healthy life
expectancy (HALE), and population estimates in 204 countries and territories,
1950-2019: a comprehensive demographic analysis for the global burden of
Disease Study 2019. Lancet. 2020;396(10258):1160-203.

Zhang L, Tong Z, Han R, Guo R, Zang S, Zhang X, Yuan R, Yang Y. Global,
Regional, and National burdens of Ischemic Heart Disease Attributable to
Smoking from 1990 to 2019. J Am Heart Assoc. 2023;12(3):e028193.

Global Burden of Disease, Cancer C, Fitzmaurice C, Abate D, Abbasi N,
Abbastabar H, Abd-Allah F, Abdel-Rahman O, Abdelalim A, Abdoli A, Abdol-
lahpour |, et al. Global, Regional, and National Cancer incidence, mortality,
years of Life Lost, Years lived with disability, and disability-adjusted life-years
for 29 Cancer groups, 1990 to 2017: a systematic analysis for the global
burden of Disease Study. JAMA Oncol. 2019;5(12):1749-68.

Hankey BF, Ries LA, Kosary CL, Feuer EJ, Merrill RM, Clegg LX, Edwards BK.
Partitioning linear trends in age-adjusted rates. Cancer Causes Control.
2000;11(1):31-5.

Yuan R, Ren F, Xie Y, Li K, Tong Z. The Global, Regional, and National burdens
of Cervical Cancer Attributable to Smoking from 1990 to 2019: Population-
based study. JMIR Public Health Surveill. 2022;8(12):e40657.

Charlson FJ, Moran AE, Freedman G, Norman RE, Stapelberg NJ, Baxter AJ,
Vos T, Whiteford HA. The contribution of major depression to the global
burden of ischemic heart disease: a comparative risk assessment. BMC Med.
2013;11:250.

YuY, Arah OA, Liew Z, Cnattingius S, Olsen J, Sorensen HT, Qin G, Li J. Maternal
diabetes during pregnancy and early onset of cardiovascular disease in
offspring: population based cohort study with 40 years of follow-up. BMJ.
2019;367:16398.

Caleyachetty R, Echouffo-Tcheugui JB, Tait CA, Schilsky S, Forrester T, Kengne
AP. Prevalence of behavioural risk factors for cardiovascular disease in adoles-
cents in low-income and middle-income countries: an individual participant
data meta-analysis. Lancet Diabetes Endocrinol. 2015;3(7):535-44.
Laitinen TT, Pahkala K, Magnussen CG, Viikari JS, Oikonen M, Taittonen L, Mik-
kilaV, Jokinen E, Hutri-Kahonen N, Laitinen T, et al. Ideal cardiovascular health
in childhood and cardiometabolic outcomes in adulthood: the Cardiovascu-
lar Risk in Young finns Study. Circulation. 2012;125(16):1971-8.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

Page 12 of 12

LiY, Cao GY, Jing WZ, Liu J, Liu M. Global trends and regional differences in
incidence and mortality of cardiovascular disease, 1990-2019: findings from
2019 global burden of disease study. Eur J Prev Cardiol. 2023;30(3):276-86.
Martinez-Garcia M, Gutierrez-Esparza GO, Roblero-Godinez JC, Marin-Perez
DV, Montes-Ruiz CL, Vallejo M, Hernandez-Lemus E. Cardiovascular Risk fac-
tors and Social Development Index. Front Cardiovasc Med. 2021;8:631747.
Remenyi B, Carapetis J, Wyber R, Taubert K, Mayosi BM, World Heart F. Position
statement of the World Heart Federation on the prevention and control of
rheumatic heart disease. Nat Rev Cardiol. 2013;10(5):284-92.

Zhang L, Tong Z, Han R, Li K, Zhang X, Yuan R. Spatiotemporal trends in global
burden of rheumatic heart disease and associated risk factors from 1990 to
2019. Int J Cardiol. 2023;384:100-6.

Sliwa K, Carrington MJ, Klug E, Opie L, Lee G, Ball J, Stewart S. Predispos-

ing factors and incidence of newly diagnosed atrial fibrillation in an

urban African community: insights from the heart of Soweto Study. Heart.
2010,96(23):1878-82.

Yadgir S, Johnson CO, Aboyans V, Adebayo OM, Adedoyin RA, Afarideh M,
Alahdab F, Alashi A, Alipour V, Arabloo J, et al. Global, Regional, and National
Burden of Calcific Aortic Valve and degenerative mitral valve diseases,
1990-2017. Circulation. 2020;141(21):1670-80.

O'Neil A, Scovelle AJ, Milner AJ, Kavanagh A. Gender/Sex as a Social Determi-
nant of Cardiovascular Risk. Circulation. 2018;137(8):854-64.

Damen JA, Hooft L, Schuit E, Debray TP, Collins GS, Tzoulaki |, Lassale CM,
Siontis GC, Chiocchia V, Roberts C, et al. Prediction models for cardiovascular
disease risk in the general population: systematic review. BMJ. 2016;353:12416.
Colafella KMM, Denton KM. Sex-specific differences in hypertension and
associated cardiovascular disease. Nat Rev Nephrol. 2018;14(3):185-201.
Connelly PJ, Azizi Z, Alipour P, Delles C, Pilote L, Raparelli V. The importance
of gender to Understand Sex differences in Cardiovascular Disease. Can J
Cardiol. 2021;37(5):699-710.

Carey RM, Moran AE, Whelton PK. Treatment of hypertension: a review. JAMA.
2022,328(18):1849-61.

Khan SS, Ning H, Wilkins JT, Allen N, Carnethon M, Berry JD, Sweis RN, Lloyd-
Jones DM. Association of Body Mass Index with Lifetime Risk of Cardiovascu-
lar Disease and Compression of Morbidity. JAMA Cardiol. 2018;3(4):280-7.
Lurbe E, Agabiti-Rosei E, Cruickshank JK, Dominiczak A, Erdine S, Hirth A,
Invitti C, Litwin M, Mancia G, Pall D, et al. 2016 European Society of Hyperten-
sion guidelines for the management of high blood pressure in children and
adolescents. J Hypertens. 2016;34(10):1887-920.

Lanigan J. Prevention of overweight and obesity in early life. Proc Nutr Soc.
2018;77(3):247-56.

Collaboration NCDRF. Worldwide trends in body-mass index, underweight,
overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 popu-
lation-based measurement studies in 128.9 million children, adolescents, and
adults. Lancet. 2017;390(10113):2627-42.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The global burden and risk factors of cardiovascular diseases in adolescent and young adults, 1990–2019
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data source
	﻿Estimation of cardiovascular diseases burden in GBD 2019
	﻿Estimation of attributable risk factors for CVD in GBD 2019
	﻿Statistical analysis

	﻿Results
	﻿The ASIR of CVD in individuals aged 15–39 years
	﻿The ASMR and ASDR of CVD in individuals aged 15–39 years
	﻿Attributable risk factors for death and DALY of CVD in individuals aged 15–39 years

	﻿Discussion
	﻿Statement of principal findings
	﻿Risk factors in the burden of CVD in global adolescents and young adults

	﻿Strengths and limitations of this study
	﻿Conclusions
	﻿References


