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Relationship of the Blood Pressure Categories, as Defined by the
ACC/AHA 2017 Blood Pressure Guidelines, and the Risk
of Development of Cardiovascular Disease in Low-Risk Young Adults:

Insights From a Retrospective Cohort of Young Adults

Seolhye Kim, MD, MSc;* Yoosoo Chang, MD, PhD;* Jeonggyu Kang, MD; Ara Cho, MPH; Juhee Cho, PhD; Yun Soo Hong, MD, MHS;
Di Zhao, PhD; Jiin Ahn, MSPH; Hocheol Shin, MD, PhD; Eliseo Guallar, MD, DrPD; Seungho Ryu, MD, PhD; Ki-Chul Sung, MD, PhD

Background—There are limited outcome studies of hypertension among young adults, especially using the new blood pressure (BP)
categories from the American College of Cardiology and the American Heart Association. We examined associations between the new BP
categories and the risk of incident cardiovascular disease (CVD) in low-risk and young adults.

Methods and Results—A cohort study was performed in 244 837 Korean adults (mean age, 39.0 years; SD, 8.9 years) who
underwent a comprehensive health examination at Kangbuk Samsung Hospital from January 1, 2011, to December 31, 2016; they
were followed up for incident CVD via linkage to the Health Insurance and Review Agency database until the end of 2016, with a
median follow-up of 4.3 years. BP was categorized according to the new American College of Cardiology/American Heart
Association (ACC/AHA) hypertension guidelines. During 924 420.7 person-years, 1435 participants developed new-onset CVD
(incidence rate of 16.0 per 10* person-years). The multivariable-adjusted hazard ratios (95% Cls ) for CVD comparing elevated BP,
stage 1 hypertension, stage 2 hypertension, treated and strictly controlled (systolic BP/diastolic BP <130/80 mm Hg with
antihypertensive use), treated and controlled (systolic BP 130—139 and diastolic BP 80 to 89 mm Hg with antihypertensive use),
treated uncontrolled, and untreated hypertension to normal BP were 1.37 (1.11-1.68), 1.45 (1.26—1.68), 2.12 (1.74-2.58), 1.41
(1.12-1.78), 1.97 (1.52-2.56), 2.29 (1.56-3.37) and 1.93 (1.53-2.45), respectively.

Conclusions—In this large cohort of low-risk and young adults, all categories of higher BP were independently associated with
an increased risk of CVD compared with normal BP, underscoring the importance of BP management even in these low-risk
populations. (J Am Heart Assoc. 2019;8:e011946. DOI: 10.1161/JAHA.119.011946.)

Key Words: cardiovascular outcomes © cohort study © high blood pressure * hypertension ¢ incidence ° risk factor

igh blood pressure (BP) is a major contributing factor to continuous efforts to improve prevention and management of
H cardiovascular disease (CVD) and a leading cause of hypertension, its awareness, treatment, and control are often
morbidity and mortality worldwide.' Despite an increasing worse in young adults compared with middle-aged and older
incidence of hypertension in the younger population and adults.>™ Low rates of hypertension awareness and control in
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Clinical Perspective

What Is New?

* In this cohort study of 244 837 young to middle-aged
adults, higher blood pressure (BP) categories were indepen-
dently associated with an increased incidence of cardiovas-
cular disease compared with normal BP and that association
began in the elevated BP category, even in adults aged
<40 years and in those with low risk.

What Are the Clinical Implications?

These findings suggest that stratification using the new BP
guidelines may help identify individuals at high risk for
cardiovascular disease, even in low-risk and young adults.
Early surveillance and proper management of high BP are
required to prevent short- or intermediate-term cardiovas-
cular disease events, even in low-risk and young adults.

young populations are a primary concern as they translate
directly into increase in CVD risk in later life.” There are some
studies on prognostic implications of hypertension on CVD
events, where follow-up of most studies starts after the age of
40 years (eg, the ARIC [Atherosclerosis Risk in Communities]
Study involved individuals aged 45—64 years at baseline, and
the MESA [Multi-Ethnic Study of Atherosclerosis] involved
individuals aged 45-84 years).®” The FHS (Framingham Heart
Study) and several meta-analyses have demonstrated the
relationship of BP as a continuous variable with CVD event in
adults aged >30 years®'% however, there are limited studies
to evaluate the short- or intermediate-term risk of CVD events
in hypertensive young adults aged 20 to 39 years on the basis
of the recently revised hypertension categories.

The 2017 American College of Cardiology/American Heart
Association (ACC/AHA) Task Force on Clinical Practice
Guidelines for BP lowered the threshold for the definition of
hypertension to 130/80 mm Hg.'' Application of these
guidelines will have direct implications on the estimates of
the association of hypertension categories with CVD out-
comes, but the relative prognostic implications of BP
categories, on the basis of the revised hypertension definition
in low-risk young adults, is unknown. The objective of this
study was, thus, to investigate the association of BP
categories according to the 2017 ACC/AHA guidelines with
the risk of incident CVD, considering antihypertensive treat-
ment in a large cohort of young and middle-aged men and
women free of CVD at baseline.

Methods

All data and supporting materials have been provided with the
published article.

Study Population

The Kangbuk Samsung Health Study is a cohort study of
Korean men and women, aged >18 years, who underwent a
comprehensive annual or biennial health examination at the
Kangbuk Samsung Hospital Total Healthcare Centers in Seoul
and Suwon, South Korea.'? Most examinees (>80%) are
employees of various companies and local governmental
organizations and their spouses. In South Korea, the Industrial
Safety and Health Law requires annual or biennial health
screening examinations of all employees, free of charge.
Other examinees voluntarily purchased a health checkup at
the center.

Our analysis was restricted to Kangbuk Samsung Health
Study participants who underwent a comprehensive health
examination from January 1, 2011, to December 31, 2016,
and provided informed consent for linkage to the Health
Insurance Review and Assessment Service database
(n=263 532; Figure 1). In Korea, health care is organized
under a mandatory single-payer nationwide insurance system
(National Health Insurance) that collects all information on
medical services use covering the entire Korean population
under a comprehensive database operated by the Health
Insurance Review and Assessment Service.'®

We excluded participants with missing data on BP or
history of hypertension (n=1018), with history of malignancy
(n=6255), with history of CVD (n=3440), or with a diagnosis of
CVD (n=10 471) at baseline. Because some participants met
>1 exclusion criterion, the final sample size included in the
analysis was 244 837 participants (mean [SD] age, 39.0 [8.9]
years; interquartile range, 32.2—43.7 years; and young adults
aged <40 years of 60.7 %).

Written informed consent was obtained from all partici-
pants. The study was approved by the Institutional Review
Board of Kangbuk Samsung Hospital.

Measurements

Data on demographic characteristics, lifestyle factors, med-
ical history, and family history of CVD were collected by
standardized, self-administered questionnaires.’® Smoking
status was categorized as never, former, and current smoker.
Alcohol intake was categorized as <20 and >20 g/d, as
applied in previous studies.'®'® Education level was catego-
rized as less than college and college education or more.
Physical activity was assessed using the validated Korean
version of the International Physical Activity Questionnaire
short form."® Participants were classified as inactive, mini-
mally active, and health-enhancing physically active. Health-
enhancing physically active was defined as physical activity
that meets either of 2 criteria: (1) vigorous-intensity activity
on >3 days per week, accumulating >1500 metabolic
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263,532 participants who underwent a comprehensive health exams
between 2011 and 2016

18,695 participants excluded
+ Missing data on blood pressure or history of hypertension (n=1,018)
—> <« History of malignancy (n=6,255)
 History of cardiovascular disease (n=3,440)
« Diagnosis of cardiovascular disease prior to the baseline visit (n=10,471)

| 244,837 participants included in the analysis

Figure 1. Flow diagram of the included participants.

equivalent min/wk; or (2) 7 days of any combination of
walking, moderate-intensity activities, or vigorous-intensity
activities achieving at least 3000 metabolic equivalent min/
wk.'® Usual dietary intake was assessed using a 103-item,
self-administered food frequency questionnaire designed and
validated for use in Korea.'” Daily intake of sodium was
calculated by multiplying the frequency of consumption of
each food by the portion size and sodium content of each
food and summing across all relevant food items.'®'?

Height and weight were measured by trained nurses. Body
mass index was calculated as weight (in kilograms) divided by
height (in meters squared). BP was measured using an
automated oscillometric device (53000; Welch Allyn, New
York, NY) by trained nurses while participants were in a sitting
position, with the arm supported at the heart level after a 5-
minute rest. We recoded 3 consecutive BP readings and used
the average of the second and third readings in the analysis.
BP levels were categorized according to the 2017 ACC/AHA
hypertension guideline.'" Participants without a history of
hypertension were categorized as normal BP (<120/
80 mm Hg), elevated BP (120-129/<80 mm Hg), stage 1
hypertension (130-139/80-89 mm Hg), and stage 2 hyper-
tension (>140/90 mm Hg). Participants with a history of
hypertension were categorized as treated and strictly con-
trolled hypertension (<130/80 mm Hg on antihypertensive
medication use), treated and controlled hypertension (130—
139/80-89 mm Hg on antihypertensive medication use),
treated but uncontrolled hypertension (>140/90 mm Hg on
antihypertensive medication use), and untreated hypertension
(not using antihypertensive medications).

For CVD risk stratification, we calculated the Framingham
risk score and the atherosclerotic CVD risk score on the basis
of the Pooled Cohorts Equation.’®?' Risk scores were
considered low if <10% and high if >10%.'""?>%? The Charlson
comorbidity index was calculated for the year before the
baseline visit.*

Blood samples were drawn from the antecubital vein after
at least 10 hours of fasting. Blood tests included total
cholesterol, high-density lipoprotein cholesterol, triglycerides,
and fasting glucose.

Antihypertensive and Lipid-Lowering Medications

Information on antihypertensive and lipid-lowering medica-
tions was obtained through linkage to the Health Insurance
Review and Assessment Service prescription database.'®
Antihypertensive medications were classified into o-adrener-
gic blockers, angiotensin-converting enzyme inhibitors,
angiotensin Il receptor blockers, [B-adrenergic blockers,
calcium channel blockers, and diuretics. For combination
antihypertensive medications, each active component was
counted separately. Statins included atorvastatin, rosuvas-
tatin, simvastatin, pravastatin, lovastatin, fluvastatin, and
pitavastatin.

Outcomes

The primary outcome was incident CVD, defined as the first
hospitalization for CVD, including ischemic heart disease
(International Classification of Diseases, Tenth Revision [ICD-
10], codes 120-125), stroke (/CD-10 codes 160-164), and
transient ischemic attack (/CD-70 code G45), ascertained
through linkage to the Health Insurance Review and Assess-
ment Service database. As secondary outcomes, we also
evaluated ischemic heart disease, myocardial infarction (/CD-
10 codes 121-124), stroke, ischemic stroke (/CD-10 code 163),
hemorrhagic stroke (/CD-10 code 160-162), and transient
ischemic attacks separately.?*2°

Statistical Analyses

Study participants were divided into 8 mutually exclusive
categories: (1) normal BP; (2) elevated BP; (3) stage 1
hypertension; (4) stage 2 hypertension; (5) treated and strictly
controlled hypertension; (6) treated and controlled hyperten-
sion; (7) treated but uncontrolled hypertension; and (8)
untreated hypertension. Each participant was followed up
from the baseline examination until the development of
incident CVD or December 31, 2016, whichever came first.
Hazard ratios and 95% Cls for CVD were estimated using Cox
proportional hazards regression analysis. We assessed the
proportional hazards assumption by examining graphs of
estimated log (-log) survival curves.

Cox models were initially adjusted for age and sex, and
then further adjusted for study center (Seoul or Suwon), year
of screening examination (1-year categories), body mass
index, smoking (never, past, current, or unknown), alcohol
intake (0 g/d, <20 g/d, >20 g/d, or unknown), physical
activity (inactive, minimally active, health-enhancing physically
active, or unknown), education level (less than college
education, college education or more, or unknown), total
calorie and sodium intake, history of diabetes mellitus, use
of statins, and Charlson comorbidity index (model 1). Model
2 further adjusted for low-density lipoprotein cholesterol,
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high-density lipoprotein cholesterol, triglycerides, and glu-
cose (model 2).

We also examined the association between BP categories
and CVD in subgroups defined by age (<40, 40-<50, and
>50 years), Framingham risk score (<10% and >10%), and
atherosclerotic CVD risk score (<10% versus >10%). Interac-
tions between BP categories and subgroup characteristics
were tested using likelihood ratio tests comparing models
with versus without multiplicative interaction terms.

All statistical analyses were conducted with Statistical
Analysis Software (SAS) Enterprise Guide, Version 6.1 (SAS
Institute, Inc, Cary, NC). P<0.05 was considered statistically
significant.

Results

The average (SD) age of study participants was 39.0 (8.9)
years, and 54.5% were men (Table 1). The prevalences of
normal BP, elevated BP, stage 1 hypertension, stage 2
hypertension, treated and strictly controlled hypertension,
treated and controlled hypertension, treated and uncontrolled
hypertension, and untreated hypertension at baseline were
71.7%, 6.2%, 13.5%, 3.5%, 2.0%, 1.1%, 0.3%, and 1.7%,
respectively. Higher BP levels were positively associated with
older age, male sex, alcohol intake, diabetes mellitus, family
history of CVD, and higher levels of total cholesterol, low-
density lipoprotein cholesterol, and triglycerides; and they
were inversely associated with high-density lipoprotein
cholesterol. Participants with untreated hypertension were
more likely to be younger and less likely to have diabetes
mellitus than participants with treated hypertension.

During 924 420.7 person-years of follow-up (median
follow-up, 4.3 years; interquartile range, 2.6-5.1 years), we
observed 1435 incident cases of CVD (incidence rate, 16.0
per 10 000 person-years; Table 2, Figure 2). In the fully
adjusted model, the multivariable-adjusted hazard ratios (95%
Cls) for CVD comparing elevated BP, stage 1 hypertension,
stage 2 hypertension, treated and strictly controlled hyper-
tension, treated and controlled hypertension, treated and
uncontrolled hypertension, and untreated hypertension to
normal BP (reference) were 1.37 (1.11-1.68), 1.45 (1.26—
1.68), 2.12 (1.74-2.58), 1.41 (1.12-1.78), 1.97 (1.52-2.56),
2.29 (1.56-3.37), and 1.93 (1.53-2.45), respectively.

The fully adjusted hazard ratios (95% Cls) for stroke or
transient ischemic attack comparing elevated BP, stage 1
hypertension, stage 2 hypertension, treated and strictly
controlled hypertension, treated and controlled hypertension,
treated and uncontrolled hypertension, and untreated hyper-
tension to normal BP (reference) were 1.60 (1.13-2.27), 1.69
(1.31-2.17), 3.02 (2.21-4.13), 1.45 (0.96-2.20), 1.88 (1.15—
3.09), 3.39 (1.84—-6.23), and 1.64 (1.03-2.60), respectively. A
graded, progressive association between BP categories was

also observed for individual outcomes (Table S1). The
associations were particularly strong for cerebrovascular
outcomes.

The absolute incidence rates of CVD were lower in younger
participants (incidence rates of 5.5, 20.2, and 54.4 for those
aged <40, 40-<50, and >50 years, respectively), but the
relative association between BP categories and CVD out-
comes was stronger in younger compared with older partic-
ipants (P=0.006 for interaction; Table 3, Figure 3). Notably,
among young adults aged <40 years, the highest risk of CVD
was observed in those with a history of hypertension but
without antihypertensive medication.

By risk score category, the absolute incidence rates of CVD
were lower in participants with a Framingham risk score <10%
than in those with a risk score >10% (10.1 versus 66.7 per
10 000 person-years), but the association between BP cate-
gories and incident CVD was stronger in those with a
Framingham risk score <10% (P<0.001 for interaction;
Table 4). For atherosclerotic CVD risk categories, the abso-
lute incidence rate of CVD was lower in those with <10%
predicted CVD risk (12.8 versus 102.7 per 10 000 person-
years), but the association between BP categories and
incidence did not significantly differ by risk category
(P=0.21 for interaction).

Discussion

In this large cohort study of relatively low-risk, young and
middle-aged Korean adults, higher BP categories, based on
the new BP guidelines, were significantly and progressively
associated with an increased risk of developing CVD
compared with the normal BP category. Although the absolute
incidence of CVD was lower in younger participants, the
association between the new BP categories and risk of CVD
was stronger in individuals aged <40 years than in the older
subjects, reaffirming that early surveillance and proper
management of high BP are required to prevent short- or
intermediate-term CVD events, even in a young population.
To our knowledge, there is limited evidence of the
prospective association of BP categories based on the new
2017 guidelines with the incidence risk of clinically manifest
CVD in low-risk and young adults. The rationale for this
change is based on multiple individual studies and meta-
analyses of observational data, which have reported gradually
and progressively higher CVD risk from normal BP to elevated
BP and stage 1 hypertension.®??~** According to previous
meta-analyses, prehypertension was associated with a greater
risk of total CVD (relative risk, 1.44—1.55),%%3" coronary heart
disease (relative risk, 1.36—1.50),>"** and stroke (relative
risk, 1.66—1.73)?®*” compared with normal BP of <120/
80 mm Hg, with higher CVD risk in high-range prehyperten-
sion than in low-range prehypertension. In contrast, studies in
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= 5 o0 . — . .
8 Z E ©| | £< g.? and mortality. Similarly, in our study, for a given BP category,
5 g . . . - .
= o £ 5 the risk of CVD event tended to be higher in participants with
I =) 38 3
= 2 2s BES antihypertensive medication than in those without a history of
o o = © = =] . . .
= Ee ; 2 § 8 u% hypertension. However, in young adults, aged <40 years, with
[} N o < 2 . . .
= B8 ® 5 & £ § 2 a history of hypertension, the risk of CVD event was much
.. =} . . . . . . . . .
2 s 2E . pdl - §§§ higher in participants without antihypertensive medication
S ) = € . . . . . . .
3 %g 2 %%% than those with antihypertensive medication. Our findings
o ~ © . . .
3 2 %-Fé § s éé %f suggest that not only primordial prevention but also early
2 £ EE g9 s X 5 ;Sf detection and proper management are important in young
= S 5 = . . ) .
g § ‘é’ § 3 2 E z\ 3 Sg adults, especially given that previous studies have reported a
173 = » o 3 o~ .
© = S 5 L552838 much lower prevalence of both awareness and control rate in
R ol 2 2% ELTC Sox . . 2,3,5,49,50
- 2 8w 58% o < 3 o2 € young adults than in older subjects.”>>""
o S S|l R| e agEipe In th t study, th iation of new BP categori
= gl 8 EPSssofss52 n the current study, the association of new BP categories
Q . . . . N .
~ R PANPBO IS with risk of incident CVD was more evident in young adults
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Table 2. Development of CVD by BP Category

Incidence Multivariable-Adjusted HR (95% CI)*
Density, Age-Sex
Incident per 10 000 Adjusted HR
BP Categories Person-Years | Cases Person-Years | (95% Cl) Model 1 Model 2
Cardiovascular disease
No history of hypertension
SBP <120 mm Hg and DBP <80 mm Hg 651 936.3 607 9.3 1.00 (Reference) | 1.00 (Reference) | 1.00 (Reference)
SBP 120-129 mm Hg and DBP <80 mm Hg 58 157.1 108 18.6 1.47 (1.20-1.81) | 1.40 (1.14-1.72) | 1.37 (1.11-1.68)
SBP 130-139 mm Hg or DBP 80-89 mm Hg 133 422.8 298 22.3 1.61 (1.40-1.85) | 1.52 (1.31-1.75) | 1.45 (1.26-1.68)
SBP >140 mm Hg or DBP >90 mm Hg 33 205.7 132 39.8 2.42 (2.00-2.93) | 2.21 (1.82-2.69) | 2.12 (1.74-2.58)
History of hypertension
With antihypertensive medication
SBP <130 mm Hg and DBP <80 mm Hg 19 210.0 100 52.1 1.75 (1.40-2.18) | 1.36 (1.08-1.72) | 1.41 (1.12-1.78)
SBP 130-139 mm Hg and 10 429.4 71 68.1 2.42 (1.88-3.12) | 1.93 (1.48-2.51) | 1.97 (1.52-2.56)
DBP 80-89 mm Hg
SBP >140 mm Hg or DBP >90 mm Hg 3336.2 29 86.9 2.82 (1.93-4.12) | 2.27 (1.54-3.34) | 2.29 (1.55-3.37)
Without antihypertensive medication 14 723.2 90 61.1 2.34 (1.86-2.94) | 1.87 (1.47-2.37) | 1.93 (1.53-2.45)
Ischemic heart disease
No history of hypertension
SBP <120 mm Hg and DBP <80 mm Hg 652 351.4 387 5.9 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
SBP 120-129 mm Hg and DBP <80 mm Hg 58 235.4 69 11.8 1.38 (1.07-1.79) | 1.28 (0.99-1.66) | 1.26 (0.97-1.63)
SBP 130-139 mm Hg or DBP 80-89 mm Hg 133 621.9 198 14.8 1.54 (1.29-1.83) | 1.40 (1.17-1.68) | 1.36 (1.14-1.62)
SBP >140 mm Hg or DBP >90 mm Hg 33 306.9 77 23.1 2.01 (1.57-2.58) | 1.79 (1.39-2.30) | 1.74 (1.35-2.24)
History of hypertension
With antihypertensive medication
SBP <130 mm Hg and DBP <80 mm Hg 19 265.6 72 37.4 1.88 (1.44-2.45) | 1.38 (1.04-1.82) | 1.44 (1.09-1.91)
SBP 130-139 mm Hg and 10 459.2 53 50.7 2.61 (1.94-3.51) | 1.93 (1.42-2.63) | 2.00 (1.47-2.72)
DBP 80-89 mm Hg
SBP >140 mm Hg or DBP >90 mm Hg 3365.8 17 50.5 2.32 (1.42-3.81) | 1.75 (1.06-2.89) | 1.78 (1.08-2.95)
Without antihypertensive medication 14 761.7 68 46.1 2.57 (1.96-3.36) | 1.92 (1.46-2.54) | 2.02 (1.53-2.66)
Stroke or TIA
No history of hypertension
SBP <120 mm Hg and DBP <80 mm Hg 652 649.2 223 3.4 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
SBP 120-129 mm Hg and DBP <80 mm Hg 58 295.7 39 6.7 1.65 (1.17-2.32) | 1.64 (1.16-2.33) | 1.60 (1.13-2.27)
SBP 130-139 mm Hg or DBP 80-89 mm Hg 133 816.3 102 7.6 1.78 (1.39-2.26) | 1.78 (1.39-2.28) | 1.69 (1.31-2.17)
SBP >140 mm Hg or DBP >90 mm Hg 33 338.8 56 16.8 3.34 (2.47-4.52) | 3.20 (2.35-4.36) | 3.02 (2.21-4.13)
History of hypertension
With antihypertensive medication
SBP <130 mm Hg and DBP <80 mm Hg 19 342.3 31 16.0 1.60 (1.08-2.38) | 1.42 (0.94-2.15) | 1.45 (0.96-2.20)
SBP 130-139 mm Hg and DBP 80-89 mm Hg | 10 524.9 19 18.1 2.03 (1.25-3.29) | 1.89 (1.15-3.10) | 1.88 (1.15-3.09)
SBP >140 mm Hg or DBP >90 mm Hg 3385.7 12 35.4 3.71 (2.04-6.75) | 3.43 (1.86-6.30) | 3.39 (1.84-6.23)
Without antihypertensive medication 14 866.9 22 14.8 1.78 (1.13-2.79) | 1.62 (1.02-2.57) | 1.64 (1.03-2.60)

BP indicates blood pressure; CVD, cardiovascular disease; DBP, diastolic BP; HR, hazard ratio; SBP, systolic BP; TIA, transient ischemic attack.

HOYVISHY TYNIDIYO

*Estimated from Cox proportional hazard model. Multivariable model 1 was adjusted for age, sex, center, year of screening examination, body mass index, smoking status, alcohol intake,
physical activity, educational level, total calorie intake, history of diabetes mellitus, statin medication, Charlson comorbidity index, and sodium intake; model 2, model 1 plus adjustment for
low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglyceride, and glucose.
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Group Adjusted Hazard ratio (95% CI) for cardiovascular disease
Cardiovascular disease
No history of hypertension
SBP<120 & DBP<80 reference
SBP 120-129 & DBP<80 1.37 (1.11-1.68) —_———
SBP 130-139 or DBP 80-89 1.45 (1.26-1.68) ——
SBP=140 or DBP=90 2.12(1.74-2.58) —
Hypertension with medication
SBP<130 & DBP<80 1.41 (1.12-1.78) —_—
SBP 130-139 & DBP 80-89 1.97 (1.52-2.56) ———
SBP=140 or DBP=90 2.29 (1.55-3.37) el
Without medication 1.93 (1.53-2.45) e —
Ischemic heart disease
No history of hypertension
SBP<120 & DBP<80 reference
SBP 120-129 & DBP<80 1.26 (0.97-1.63) S
SBP 130-139 or DBP 80-89 1.36 (1.14-1.62) —
SBP=140 or DBP=90 1.74 (1.35-2.24) —_—
Hypertension with medication
SBP<130 & DBP<80 1.44 (1.09-1.91) E————e————
SBP 130-139 & DBP 80-89 2.00 (1.47-2.72) =
SBP=140 or DBP=90 1.78 (1.08-2.95) &
Without medication 2.02 (1.53-2.66) —_—
Stroke or TIA
No history of hypertension
SBP<120 & DBP<80 reference
SBP 120-129 & DBP<80 1.60 (1.13-2.27) =
SBP 130-139 or DBP 80-89 1.69 (1.31-2.17) B —
SBP=140 or DBP=90 3.02 (2.21-4.13) -
Hypertension with medication
SBP<130 & DBP<80 1.45 (0.96-2.20) Sl
SBP 130-139 & DBP 80-89 1.88 (1.15-3.09) =
SBP=140 or DBP=90 3.39 (1.84-6.23) =
Without medication 1.64 (1.03-2.60) L
I 1 1 1
0.5 1 2 3 4

Figure 2. Development of cardiovascular disease by blood pressure (BP) category. Estimated from Cox proportional
hazard model. Multivariable model was adjusted for age, sex, center, year of screening examination, body mass index,
smoking status, alcohol intake, physical activity, educational level, total calorie intake, history of diabetes mellitus, statin
medication, Charlson comorbidity index, sodium intake, low-density lipoprotein cholesterol, high-density lipoprotein
cholesterol, triglyceride, and glucose. DBP indicates diastolic BP; SBP, systolic BP; TIA, transient ischemic attack.

aged <40 years than in the older subjects, which is in line
with earlier studies that also reported a stronger association
between BP and CVD outcomes in middle-aged compared
with elderly populations.®*®°"3 The reasons for the stronger
associations in young adults are unclear. The effect of BP on
risk of CVD may be diluted with increasing age because both
the prevalence of higher BP and other CVD risk factors also
become more prevalent with age.

In South Korea, the Korean Society of Hypertension
determined to use the previous hypertension criteria of
systolic BP/diastolic BP >140/90 mm Hg because of a lack
of clear evidence for additional benefit from lowering the
hypertension threshold to 120/80 mm Hg for Koreans.’*°°
According to the Korean Hypertension Fact Sheet 2018, the
number of people diagnosed with hypertension increased
from 3 million in 2002 to 8.9 million in 2016, with only
5.7 million people with appropriate and persistent antihyper-
tensive treatment in 2016.°° The treatment rate increased
from 22% in 1998 to 59% in 2007 and to 61% in 2016, and the
control rate increased from 5% in 1998 to 41% in 2007 and to
44% in 2016.% In a recent study using the Korean National

Health and Nutrition Examination Survey, the prevalence of
hypertension and the number of adults who need antihyper-
tensive treatment will be increased, being similar with other
countries.’®*”*® According to recent studies addressing
implementation of the new guidelines in multiple countries,
including the United States, China, and Korea, the 2017 ACC/
AHA hypertension guidelines will markedly increase the
prevalence of hypertension and the number of patients who
need antihypertensive treatment initiation and those who
need treatment intensification globally.>” %% In a recent study
from the National Health and Nutrition Examination Survey,
according to the 2017 ACC/AHA guideline, compared with
the Seventh Joint National Committee guideline, the preva-
lence of hypertension has increased from 31.9% to 45.6%, the
percentage of US adults recommended for antihypertensive
medication has increased from 34.3% to 36.2%, and 53.4% of
US adults taking antihypertensive medication need more
intensive lowering of their BP.%? In case of China, adoption of
the 2017 ACC/AHA hypertension guidelines would lead to the
increment in the prevalence of hypertension from 25% to
50%.%% It should be evaluated if such changes in the
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Table 3. Association Between BP Category and the Development of CVD by Different Age Strata

Incidence Multivariable-Adjusted HR (95% CI)*
Density, Age-Sex
Incident | per 10* Adjusted
BP Categories Person-Years | Cases Person-Years | HR (95% Cl) Model 1 Model 2
Aged <40 y
No history of hypertension
SBP <120 mm Hg and DBP <80 mm Hg 414 594.3 159 3.8 1.00 (Reference) 1.00 (Reference) | 1.00 (Reference)
SBP 120-129 mm Hg and DBP <80 mm Hg 34 2931 32 9.3 1.79 (1.21-2.65) 1.71 (1.15-2.55) | 1.70 (1.14-2.53)
SBP 130-139 mm Hg or DBP 80-89 mm Hg 64 792.9 56 8.6 1.52 (1.11-2.09) 1.47 (1.06-2.04) | 1.43 (1.03-1.99)
SBP >140 mm Hg or DBP >90 mm Hg 12 748.4 29 22.7 3.77 (2.51-5.67) | 3.21 (2.11-4.90) | 3.15 (2.06-4.82)
History of hypertension
With antihypertensive medication
SBP <130 mm Hg and DBP <80 mm Hg 3023.2 4 13.2 2.35 (0.87-6.37) | 1.34 (0.47-3.81) | 1.39 (0.49-3.94)
SBP 130-139 mm Hg and DBP 80-89 mm Hg | 1415.9 2 141 2.04 (0.50-8.27) 1.33 (0.32-5.55) | 1.37 (0.33-5.72)
SBP >140 mm Hg or DBP >90 mm Hg 496.4 0 <0.001
Without antihypertensive medication 2385.0 10 419 6.48 (3.39-12.39) | 3.93 (1.97-7.85) | 4.03 (2.03-8.01)
40y <Age <50y
No history of hypertension
SBP <120 mm Hg and DBP <80 mm Hg 185 467.7 250 13.5 1.00 (Reference) 1.00 (Reference) | 1.00 (Reference)
SBP 120-129 mm Hg and DBP <80 mm Hg 17 345.8 42 24.2 1.52 (1.09-2.11) 1.56 (1.12-2.17) | 1.53 (1.09-2.13)
SBP 130-139 mm Hg or DBP 80-89 mm Hg 51 596.8 154 29.8 1.78 (1.45-2.19) 1.75 (1.41-2.16) | 1.71 (1.38-2.12)
SBP >140 mm Hg or DBP >90 mm Hg 14 663.8 61 416 2.40 (1.80-3.18) | 2.30 (1.72-3.08) | 2.27 (1.70-3.05)
History of hypertension
With antihypertensive medication
SBP <130 mm Hg and DBP <80 mm Hg 6501.8 20 30.8 1.71 (1.08-2.70) 1.26 (0.78-2.04) | 1.33 (0.82-2.15)
SBP 130-139 mm Hg and DBP 80-89 mm Hg | 4383.0 20 45.6 2.32 (1.47-3.68) 1.87 (1.16-3.02) | 1.99 (1.23-3.20)
SBP >140 mm Hg or DBP >90 mm Hg 1418.3 6 42.3 2.22 (0.99-5.00) 1.82 (0.80-4.13) | 1.91 (0.84-4.35)
Without antihypertensive medication 6149.3 29 47.2 2.55 (1.73-3.76) 1.98 (1.32-2.97) | 2.12 (1.42-3.19)
Aged >50 y
No history of hypertension
SBP <120 mm Hg and DBP <80 mm Hg 51 874.4 198 38.2 1.00 (Reference) 1.00 (Reference) | 1.00 (Reference)
SBP 120-129 mm Hg and DBP <80 mm Hg 6518.2 34 52.2 1.18 (0.82-1.70) 1.16 (0.81-1.68) | 1.15 (0.79-1.66)
SBP 130-139 mm Hg or DBP 80-89 17 0331 88 51.7 1.23 (0.95-1.58) 1.18 (0.91-1.53) | 1.15 (0.89-1.49)
SBP >140 mm Hg or DBP >90 mm Hg 5793.4 42 72.5 1.66 (1.19-2.33) 1.60 (1.14-2.24) | 1.54 (1.10-2.17)
History of hypertension
With antihypertensive medication
SBP <130 mm Hg and DBP <80 mm Hg 9685.1 76 78.5 1.61 (1.22-2.11) 1.38 (1.04-1.84) | 1.40 (1.05-1.86)
SBP 130-139 mm Hg and DBP 80-89 mm Hg | 4630.5 49 105.8 2.21 (1.61-3.03) 1.90 (1.37-2.64) | 1.90 (1.37-2.65)
SBP >140 mm Hg or DBP >90 mm Hg 1421.5 23 161.8 3.06 (1.98-4.75) 2.59 (1.65-4.06) | 2.53 (1.61-3.97)
Without antihypertensive medication 6188.9 51 82.4 1.76 (1.29-2.40) 1.52 (1.11-2.10) | 1.54 (1.12-2.12)

P=0.006 for the overall interaction between age and BP categories for development of CVD all event (adjusted model). Incidence density (per 10 000 person-years): 5.5 for subjects with
age <40 years, 20.2 for subjects with 40 years < age <50 years, and 54.4 for subjects with age >50 years. BP indicates blood pressure; CVD, cardiovascular disease; DBP, diastolic BP; HR,

hazard ratio; SBP, systolic BP.

*Estimated from Cox proportional hazard model. Multivariable model 1 was adjusted for age, sex, center, year of screening examination, body mass index, smoking status, alcohol intake,
physical activity, educational level, total calorie intake, history of diabetes mellitus, statin medication, Charlson comorbidity index, and sodium intake; model 2, model 1 plus adjustment for

low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglyceride, and glucose.
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sugroup by age Adjusted Hazard ratio (95% ClI) for cardiovascular disease
Age<40 p for interaction, 0.006
No history of hypertension
SBP<120 & DBP<80 reference
SBP 120-129 & DBP<80 1.69 (1.14-2.52) =
SBP 130-139 or DBP 80-89 1.43 (1.03-1.99) -
SBP=140 or DBP290 3.15(2.05-4.82) =
Hypertension with medication
SBP<130 & DBP<80 1.36 (0.48-3.86) -
SBP 130-139 & DBP 80-89 1.32 (0.32-5.51) L
SBP=140 or DBP=90 -
Without medication 4.04 (2.03-8.02) >a
40=Age <50
No history of hypertension
SBP<120 & DBP<80 reference
SBP 120-129 & DBP<80 1.53 (1.09-2.13) bl
SBP 130-139 or DBP 80-89 1.71 (1.38-2.11) e
SBP=140 or DBP290 2.27 (1.70-3.04) hd
Hypertension with medication
SBP<130 & DBP<80 1.34 (0.83-2.16) =
SBP 130-139 & DBP 80-89 2.00 (1.24-3.22) &
SBP=140 or DBP=90 1.90 (0.84-4.34) &
Without medication 213 (1.42-3.19) o
Age=50
No history of hypertension
SBP<120 & DBP<80 reference
SBP 120-129 & DBP<80 1.15 (0.80-1.67) n L=
SBP 130-139 or DBP 80-89 1.15 (0.89-1.49) —_—t
SBP=140 or DBP290 1.55 (1.10-2.17) =
Hypertension with medication
SBP<130 & DBP<80 1.40 (1.05-1.86) —_—
SBP 130-139 & DBP 80-89 1.91 (1.38-2.66) .
SBP=140 or DBP=90 2.56 (1.63-4.02) =
Without medication 1.54 (1.12-2.12) &
[ I 1 1
0.5 1 2 3 4

Figure 3. Association between blood pressure (BP) category and the development of cardiovascular disease in subgroup
by age. Estimated from Cox proportional hazard model. Multivariable model was adjusted for age, sex, center, year of
screening examination, body mass index, smoking status, alcohol intake, physical activity, educational level, total calorie
intake, history of diabetes mellitus, statin medication, Charlson comorbidity index, sodium intake, low-density lipoprotein
cholesterol, high-density lipoprotein cholesterol, triglyceride, and glucose. DBP indicates diastolic BP; SBP, systolic BP.

diagnostic threshold and therapeutic targets from 140/90 to
130/80 mm Hg would improve BP control and its associated
outcome. Future studies are also needed to confirm the
association between BP and CVD risk in the young population
with diverse ethnicity and to determine if the risk/benefit
ratio for treatment is favorable in this low-risk group.

The strengths of our study are its cohort study design, the
large sample size, the use of carefully standardized clinical
procedures, and the almost complete follow-up for CVD
events, as the National Health Insurance collects all medical
services use covering the entire Korean population. This study
also has several limitations. First, as with most previous
studies, the determination of BP was based on a single-day
measurement, although 3 readings were taken. This approach
may lead to a misclassification of BP categories and introduce
dilution bias, possibly underestimating true associations.
Second, we did not incorporate changes in BP categories
and other covariates during follow-up. Third, health behaviors
were assessed via a self-administered structured question-
naire used in health checkup programs in Korea, as part of the
National Health Insurance plan. Measurement errors in these

variables may introduce some degree of residual confounding,
similar to most epidemiologic studies. Fourth, we used the
Pooled Cohorts Equations in all participants; however, it was
not validated in adults aged <40 years. Finally, this is an
opportunistic cohort of individuals, who self-presented for the
health examination, and hence is not a representative sample
of low cardiovascular risk young adults in the community. The
study population of this cohort was relatively highly educated,
young to middle-aged Korean adults with high accessibility to
healthcare resources. We compared our study population with
a representative sample of the general Korean population (the
Korea National Health and Nutrition Examination Survey). The
age and sex standardization was performed using the direct
method to the age structure of the Korean population, aged
20 to 80 years, in the year 2010. The age- and sex-
standardized prevalence of hypertension (defined as systolic
BP >140 mm Hg, diastolic BP >90 mm Hg, or the use of
antihypertensive medication), type 2 diabetes mellitus (de-
fined as fasting serum glucose level 2126 mg/dL or the use
of blood glucose—lowering agents), obesity (body mass index
>25 kg/m?), and current smoker was lower than those of the
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Table 4. Association Between BP Category and the Development of CVD by CVD Risk Stratification, on the Basis of Different Risk

Scores

BP Categories

ASCVD Risk Score, %*

Framingham Risk Score, %*

<10

<10

No history of hypertension

SBP <120 mm Hg and DBP <80 mm Hg

1.00 (Reference)

1.00 (Reference)

1.00 (Reference)

1.00 (Reference)

SBP 120-129 mm Hg and DBP <80 mm Hg

1.47 (1.15-1.87)

1.12 (0.77-1.65)

SBP 130-139 mm Hg or DBP 80-89 mm Hg

1.59 (1.34-1.88)

0.89 (0.57-1.38)

1.74 (1.44-2.11)

0.96 (0.73-1.26)

SBP >140 mm Hg or DBP >90 mm Hg

2.16 (1.70-2.75)

(

1.10 (0.62-1.95)
(
(

1.47 (0.92-2.37)

(

1.53 (1.16-2.01)
(
(

1.91 (1.97-2.66)

1.67 (1.24-2.25)

History of hypertension

With antihypertensive medication

SBP <130 mm Hg and DBP <80 mm Hg 1.46 (1.08-1.97) 1.06 (0.63-1.78) 1.66 (1.13-2.44) 1.03 (0.72-1.46)
SBP 130-139 mm Hg and DBP 80-89 mm Hg 1.75 (1.21-2.52) 1.81 (1.10-2.96) 2.54 (1.53-4.22) 1.44 (1.00-2.06)
SBP >140 mm Hg or DBP >90 mm Hg 1.90 (1.01-3.59) 1.41 (0.68-2.94) 0.78 (0.11-5.53) 1.60 (0.96-2.65)
Without antihypertensive medication 1.95 (1.46-2.62) 1.71 (1.03-2.83) 1.85 (1.26-2.70) 1.73 (1.22-2.44)

P=0.208 for the overall interaction between ASCVD risk strata (<10% vs >10%) and BP categories for development of CVD all event (adjusted model); P<0.001 for the overall interaction
between Framingham risk score strata (<10% vs >10%) and BP categories for development of CVD all event (adjusted model). Incidence density (per 10 000 person-years): 12.8 for

subjects with ASCVD risk <10% and 102.7 for subjects with ASCVD risk >10%; 10.1 for subjects with Framingham risk score <10% and 66.7 for subjects with Framingham risk score >10
%. ASCVD risk score was based on the Pooled Cohorts Equation. ASCVD indicates atherosclerotic CVD; BP, blood pressure; CVD, cardiovascular disease; DBP, diastolic BP; SBP, systolic

BP.

*Multivariable-adjusted hazard ratios (95% Cls) were estimated from Cox proportional hazard model. Multivariable model 1 was adjusted for age, sex, center, year of screening
examination, body mass index, smoking status, alcohol intake, physical activity, educational level, total calorie intake, history of diabetes mellitus, statin medication, Charlson comorbidity

index, and sodium intake.

general population (16.6% versus 29.1%, 9.3% versus 10.5%,
27.6% versus 31.5%, and 16.8% versus 26.5%, respectively),
indicating that our study population may be healthier than the
general Korean population. Thus, our findings might not be
generalizable to other ethnic groups or populations with
different age, demographic, diet, and health behavior charac-
teristics.

In conclusion, compared with the normal BP category,
higher BP categories, based on new ACC/AHA guidelines, were
positively associated with an increased risk of CVD, even in low-
risk, young adults. Our study suggests that stratification using
the new BP guidelines can help identify young adults at high risk
for adverse CVD outcomes. These findings also reiterate the
importance of proper BP management for the primary preven-
tion of CVD, even in low-risk and young adults.
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Table S1. Development of stroke subtype by BP category.

BP categories Incidence Multivariable-adjusted HR™ (95% Cl)
Person- Incident density Age-Sex adjusted
(per 10,000 HR
years cases person- (95% Cl) Model 1 Model 2
years)
Ischemic stroke
No history of hypertension
SBP<120 & DBP<80 652,770.2 114 1.7 1.00 (reference) 1.00 (reference) 1.00 (reference)
SBP 120-129 & DBP<80 58,345.0 17 2.9 1.46 (0.86-2.49) 1.37 (0.80-2.34) 1.31(0.77-2.25)
SBP 130-139 or DBP 80-89 133,853.7 66 4.9 2.31(1.66-3.21) 2.16 (1.54-3.03) 1.98 (1.41-2.79)
SBP>140 or DBP>90 33,379.1 30 9.0 3.78 (2.48-5.76) 3.31(2.15-5.10) 2.98 (1.93-4.61)
History of hypertension
With antihypertensive medication
SBP<130 & DBP<80 19,365.3 17 8.8 1.50 (0.84-2.65) 1.25 (0.69-2.25) 1.25 (0.70-2.26)
SBP 130-139 & DBP 80-89 10,535.9 11 104 2.30(1.21-4.38) 1.95(1.10-3.78) 1.89 (0.98-3.66)
SBP>140 or DBP>90 3,397.0 9 26.5 5.32(2.62-10.80)  4.43(2.14-9.16) 4.21(2.03-8.70)
Without antihypertensive medication 14,852.3 21 14.1 3.04 (1.82-5.08) 2.58 (1.52-4.39) 2.53 (1.49-4.30)
Hemorrhagic stroke
No history of hypertension
SBP<120 & DBP<80 635,033.1 19 0.3 1.00 (reference) 1.00 (reference) 1.00 (reference)
SBP 120-129 & DBP<80 58,366.1 4 0.7 1.95 (0.66-5.79) 1.90 (0.63-5.72) 1.94 (0.65-5.84)
SBP 130-139 or DBP 80-89 134,005.2 9 0.7 1.78 (0.79-4.03) 1.76 (0.77-4.03) 1.81(0.78-4.16)
SBP>140 or DBP>90 33,418.5 15 4.5 10.43 (5.10-21.34)  10.10 (4.81-21.21)  10.52 (4.95-22.35)
History of hypertension
With antihypertensive medication
SBP<130 & DBP<80 19,402.9 2 1.0 1.40 (0.31-6.33) 1.13(0.24-5.38) 1.11(0.23-5.32)
SBP 130-139 & DBP 80-89 10,555.6 1 0.9 1.38(0.18-10.63) 1.20(0.15-9.63) 1.22 (0.15-9.78)
SBP>140 or DBP>90 3,410.2 1 2.9 3.99(0.51-31.03)  3.54(0.44-28.46)  3.61(0.45-29.25)
Without antihypertensive medication 14,899.5 4 2.7 4.19 (1.35-13.00) 3.54 (1.09-11.55) 3.54 (1.08-11.59)

* Estimated from Cox proportional hazard model. Multivariable model 1 was adjusted for age, sex, center, year of screening exam, BMI, smoking
status, alcohol intake, physical activity, educational level, total calorie intake, history of diabetes, statin medication, Charlson comorbidity index
and sodium intake; model 2: model 1 plus adjustment for LDL-cholesterol, HDL-cholesterol, triglycerides, and glucose

CVD, cardiovascular disease; Cl, confidence interval; DBP, diastolic blood pressure; HR, hazard ratio; SBP, systolic blood pressure.



