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Cardiovascular disease (CVD) is the leading cause of death and disability
in the United States (US) and worldwide. The Global Burden of Disease
(GBD) study in 2019 showed that total incidence of cardiovascular disease
doubled from 271 million in 1990 to 523 million in 2019, and the number of
cardiovascular deaths steadily increased from 12.1 million in 1990, reach-
ing 18.6 million in 2019, representing approximately 32% of all worldwide
deaths. Of these deaths, 85% were due to heart attack and stroke. Out of
17 million premature deaths (under the age of 70) due to non-communi-
cable diseases in 2019, 38% were caused by CVD [1, 2]. If current trends
persist, experts predict over 23 million people will die from CVD in 2030 [3].

Maodifiable risk factors for primary and secondary prevention of deaths
due to CVD include hypertension, high blood cholesterol levels, smoking,
diabetes, obesity, sedentary lifestyle, unhealthy diet, and stress. Conven-
tional risk factors include advancing age, male sex, family history, and
race. Although clinical signs of CVD are usually present in adulthood,
early atherosclerotic changes can begin to occur early in life and through
adolescence [4]. The prevalence of modifiable CVD risk factors can initi-
ate early onset of atherosclerosis. Modifiable risk factors for CVD identi-
fied in adolescents, show that early intervention programs have poten-
tial to reduce CVD risk on individual and population levels. The existing
evidence indicates that primary prevention of atherosclerotic disease
should begin in childhood [5]. Identification of children at risk for ath-
erosclerosis may allow early intervention to decrease the atherosclerotic
process, thereby preventing or delaying CVD [4, 6]. The prevention of
CVD in adolescents is critical to preventing premature death from CVD in
adults and should be a focus for health professionals and policy makers.
Past studies have demonstrated a rise in sedentary lifestyles and other
modifiable risk factors among adolescents [7]. We aim to provide an up-
to-date representation of the prevalence of multiple cardiovascular risk
factors amongst adolescents in the US.

Hospitalization records of adolescents, aged 10-19 years (inclusive),
were interrogated from the 2016-2020 National Inpatient Sample, a set
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of de-identified records provided by HCUR AHRQ,
and partners. We applied the International Classi-
fication of Diseases 10t Revision (ICD-10) codes to
identify the co-existence of prediabetes, hyperten-
sion, diabetes, obesity, smoking, and a family his-
tory of ischemic heart disease (IHD) or CVD [8, 9].
Their presence was reported per 100,000 hospital-
izations (number of cases with a particular variable
divided by the total number of patients, multiplied
by 100,000). Since the ICD-10 code for prediabetes
was introduced in 2016, and it did not cover all
the months of that particular year, we focused on
the 2017-2020 data for our prediabetes group. We
also estimated the incidence of acute myocardial
infarction (AMI) and acute ischemic stroke (AIS)
over these 5 years [10, 11]. Linear-by-linear anal-

Prevalence of prediabetes (per 100,000)

yses, as per past studies of the NIS, were used to
estimate trends [12].

Our study found that the number of adoles-
cents with prediabetes has increased from 199
per 100,000 in 2017 to reach 309 per 100,000 in
2020. Similarly, we also found an increasing trend
in hypertension (2334 per 100,000 in 2016 to
reach 2756 per 100,000 in 2020, p, ., < 0.01), di-
abetes (5119 per 100,000 in 2016 to reach 5733
per 100,000 in 2020, p, ., < 0.01), obesity (6153
per 100,000 in 2016 to reach 8221 per 100,000
in 2020, p, . < 0.01), smoking (8166 per 100,000
in 2016 to reach 9117 per 100,000 in 2020, p, .,
< 0.01), and family history of ischemic heart dis-
ease or cardiovascular disease (1687 per 100,000
in 2016 to reach 1922 per 100,000 in 2020, p, _
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Figure 1. Trends in risk factors (per 100,000) for cardiovascular disease among adolescents in the United States

between 2016-2020
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<0.01,p, < 0.01) (Figure 1). In addition, the inci-
dence of AMI rose from 34 per 100,000 in 2016 to
reach 68 per 100,000 in 2020 (p, < 0.01). A sim-
ilar rise in events of AIS was seen with 123 cases
per 100,000 reported in 2016, and this increased
to 156 per 100,000 in 2020 (p, . ,< 0.01) (Figure 1).

Our findings, involving the largest national
in-patient database from the US, bring forward
several critical results and potential correlations.
As previously reported, we were able to confirm
the rising prevalence of prediabetes [13], hy-
pertension [14], diabetes [15], obesity [16], and
smoking [17] among adolescents. In addition,
while there is paucity of data on trends in AMI in
that particular age group, our analysis confirms
a rising trend that may correlate with the rise of
multiple risk factors [5], which were also seen in
our sample. The incidence of AMI almost doubled
among adolescents during this period, along with
an increase in the incidence of AIS. Our data iden-
tified potentially higher risk patients in hospital-
ised population and we acknowledge that this is
not the normal population but we need to target
those at the highest risk.

Without appropriate measures, these trends
in CVD-associated morbidity and mortality will
continue to rise over the coming years [18]. Early
introduction of primary, secondary and tertiary
prevention measures and intervention strategies
including both pharmacologic and non-pharma-
cologic approaches are essential to reduce the
risk by managing modifiable risk factors [19]. The
potential association we talk about is thus far
based in those deemed higher risk due to hos-
pitalised in-patient data, So we at present can-
not generalise to the more general population
until more controlled, randomised studies are
conducted. We therefore encourage broader and
longer studies to improve our understanding and
confirm the potential association.

In conclusion, this study not only showed
a rise in various risk factors associated with fu-
ture cardiovascular disease among adolescents
in the selected inpatient population, with a wor-
rying rise in AMI and AlS but also highlights an
area of potential research to apply to the more
general population. Stronger health-related sen-
sitization campaigns promoting healthier life-
styles should be prioritized. The use of social
media and influencers, which may have a better
appeal to adolescents, should also be considered
[20]. The urgent need to screen and treat the at-
risk groups will help reduce the impending bur-
den on individuals, their carers and healthcare
providers [13, 18].

Funding

No external funding.

Ethics approval

Not applicable.

Conflict of interest

The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

Roth GA, Mensah GA, Johnson CO, Global Burden of Car-
diovascular Diseases and Risk Factors, 1990-2019: up-
date from the GBD 2019 study. ) Am Coll Cardiol 2020;
76:2982-3021.

. World Health Organization: Cardiovascular diseases

(CVDs) 2023 [Available from: https://www.who.Int/
News-Room/Fact-Sheets/Detail/Cardiovascular-Diseas-
es-(Cvds).

. World Health Organization Cardiovascular Disease

2023 [Available from: https://www.who.int/cardiovas-
cular_diseases/en/.

. Hong YM. Atherosclerotic cardiovascular disease begin-

ning in childhood. Korean Circ J 2010; 40: 1-9.

. Ramphul K, Aggarwal S, Verma R, et al. Acute myocar-

dial infarction among teenagers in the United States
between 2016 and 2020: a retrospective analysis from
the National Inpatient Sample. Arch Med Sci Atheroscler
Dis 2023; 8: 177-81.

. Berenson GS, Srinivasan SR, Bao W, Newman WP 3rd,

Tracy RE, Wattigney WA. Association between multi-
ple cardiovascular risk factors and atherosclerosis in
children and young adults. The Bogalusa Heart Study.
N Engl) Med 1998; 338: 1650-6.

. Daniels SR. Cardiovascular disease risk factors and ath-

erosclerosis in children and adolescents. Curr Athero-
scler Rep 2001; 3: 479-85.

. Sawatari H, Chahal AA, Ahmed R, et al. Impact of cardi-

ac implantable electronic devices on cost and length of
stay in patients with surgical aortic valve replacement
and transcutaneous aortic valve implantation. Am J Car-
diol 2023; 192: 69-78.

. Ramphul K, Lohana B Verma R, et al. Cardiac arrhyth-

mias and mortality risk among patients with obstruc-
tive sleep apnea following admission for acute myocar-
dial infarction or acute ischemic stroke. Arch Med Sci
Atheroscler Dis 2022; 7: e109-e15.

Ramphul K, Ramphul Y, Sombans S, Lohana R Joynauth J.
Acute myocardial infarction admissions among young
adults in the United States: an update on the incidence
and burden. Arch Med Sci Atheroscler Dis 2021; 6: e18-20.
Ramphul K, Lohana B Verma R, et al. Acute ischemic
stroke among cannabis users in the United States and
possible risk factors for mortality. Neurologist 2023; 28:
226-30.

HCUP National Inpatient Sample (NIS). Healthcare Cost
and Utilization Project (HCUP). 2016, 2017, 2018, 2019,
2020. Agency for Healthcare Research and Quality,
Rockville, MD. 2022 [Available from: https://www.hcup-
us.ahrg.gov/nisoverview.jsp.

Prediabetes Doubles in Adolescents and Is a Key Risk
for Older Adults 2024 [Available from: https://diabetes.
org/about-diabetes/prediabetes/adolescents-prediabe-
tes-health-risk#:~:text=Prediabetes%20Doubles%20
in%20Adolescents%20and,early%20warning%20
sign%20for%20diabetes.

Hardy ST, Sakhuja S, Jaeger BC, et al. Trends in blood
pressure and hypertension among US children and ad-

e58

Arch Med Sci Atheroscler Dis 2024


mailto:Muhammad Muneeb Arshad 

Five-year trends in risk factors for cardiovascular disease among adolescents in the United States

olescents, 1999-2018. JAMA Network Open 2021; 4:
€213917.

15. Perng W, Conway R, Mayer-Davis E, Dabelea D. Youth-on-
set type 2 diabetes: the epidemiology of an awakening
epidemic. Diabetes Care 2023; 46: 490-9.

16. Hu K, Staiano AE. Trends in obesity prevalence among
children and adolescents aged 2 to 19 years in the US
from 2011 to 2020. JAMA Pediatrics 2022; 176: 1037-9.

17. Sun R, Mendez D, Warner KE. Trends in nicotine product
use among US adolescents, 1999-2020. JAMA Network
Open 2021; 4: e2118788-e.

18. Martin SS, Aday AW, Almarzooq ZI, et al. 2024 heart
disease and stroke statistics: a report of US and Global
Data From the American Heart Association. Circulation
2024; 149: e347-913.

19. Rippe JM. Lifestyle strategies for risk factor reduction,
prevention, and treatment of cardiovascular disease.
Am ] Lifestyle Med 2019; 13: 204-12.

20. Kucharczuk AJ, Oliver TL, Dowdell EB. Social media’s
influence on adolescents’ food choices: a mixed stud-
ies systematic literature review. Appetite 2022; 168:
105765.

Arch Med Sci Atheroscler Dis 2024 e59



