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IMPORTANCE Among young adults, the association of the 2017 American College of
Cardiology/American Heart Association (ACC/AHA) High Blood Pressure Clinical Practice
Guidelines with risk of cardiovascular disease (CVD) later in life is uncertain.

OBJECTIVE To determine the association of blood pressure categories before age 40 years
with risk of CVD later in life.

DESIGN, SETTING, AND PARTICIPANTS This population-based cohort study from the Korean
National Health Insurance Service consisted of 2 488 101 adults aged 20 through 39 years
with blood pressure measurements taken twice from 2002 through 2005. Starting from
January 1, 2006, participants were followed up until the date of CVD diagnosis, death,
or December 31, 2015.

EXPOSURES Participants were categorized by blood pressure readings: normal (systolic,
<120 mm Hg; diastolic, <80 mm Hg), elevated (sytolic, 120-129 mm Hg; diastolic, <80 mm Hg),
stage 1 hypertension (systolic, 130-139 mm Hg; diastolic, 80-89 mm Hg), and stage 2
hypertension (systolic, �140 mm Hg; diastolic, �90 mm Hg).

MAIN OUTCOMES AND MEASURES The primary outcome was CVD defined as 2 or more days
of hospitalization due to CVD or death due to CVD. The secondary outcomes were coronary
heart disease (CHD) and stroke.

RESULTS The study population consisted of 2 488 101 participants (median age, 31 years
[interquartile range, 27-36 years], 789 870 women [31.7%]). A total of 44 813 CVD events were
observed during a median follow-up duration of 10 years. Men with baseline stage 1 hypertension
compared with those with normal blood pressure had higher risk of CVD (incidence, 215 vs 164
per 100 000 person-years; difference, 51 per 100 000 person-years [95% CI, 48-55]; adjusted
hazard ratio [HR], 1.25 [95% CI, 1.21-1.28]), CHD (incidence, 134 vs 103 per 100 000
person-years; difference, 31 per 100 000 person-years [95% CI, 28-33]; adjusted HR, 1.23 [95%
CI, 1.19-1.27]), and stroke (incidence, 90 vs 67 per 100 000 person-years; difference, 23 per
100 000 person-years [95% CI, 21-26]; adjusted HR, 1.30 [95% CI, 1.25-1.36]). Women with
baseline stage 1 hypertension compared with those with normal blood pressure had increased
risk of CVD (incidence, 131 vs 91 per 100 000 person-years; difference, 40 per 100 000
person-years [95% CI, 35-45]; adjusted HR, 1.27 [95% CI, 1.21-1.34]), CHD (incidence, 56 vs 42
per 100 000 person-years; difference, 14 per 100 000 person-years [95% CI, 11-18]; adjusted
HR, 1.16 [95% CI, 1.08-1.25]), and stroke (incidence, 79 vs 51 per 100 000 person-years;
difference, 28 per 100 000 person-years [95% CI, 24-32]; adjusted HR [1.37, 95% CI, 1.29-1.46]).
Results for state 2 hypertension were consistent.

CONCLUSIONS AND RELEVANCE Among Korean young adults, stage 1 and stage 2
hypertension, compared with normal blood pressure, were associated with increased risk of
subsequent cardiovascular disease events. Young adults with hypertension, defined by the
2017 ACC/AHA criteria, may be at increased risk of cardiovascular disease.
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H ypertension is an important modifiable risk factor for
cardiovascular disease (CVD).1 The population-
attributable fraction of hypertension for CVD is ap-

proximately 60% in Asia.2,3 In 2017, the American College of
Cardiology/American Heart Association (ACC/AHA) released an
updated guideline with a new criteria for hypertension, de-
fining stage 1 hypertension as systolic blood pressure as
130 mm Hg through 139 mm Hg or diastolic blood pressure as
80 mm Hg through 89 mm Hg.4 This lower threshold for hy-
pertension was based on multiple meta-analyses that showed
higher CVD risk in the stage 1 hypertension blood pressure
range.5-11 However, most of the study populations from these
studies were composed of middle-aged and elderly adults, leav-
ing a relative lack of evidence for young adults aged 20 through
39 years.

Although previous cohort studies have investigated the
association of blood pressure with CVD among young
adults, such studies were limited to men and lacked consid-
eration of certain confounders such as health behaviors
or characteristics.12-14 Moreover, while the prevalence of
hypertension among young adults has increased, hyperten-
sion awareness and management levels have nevertheless
been low. For example, hypertension prevalence increased
from 7.5% to 10.3% during years 2007 to 2016, whereas
awareness and treatment levels for hypertension remained
less than 20% among young adults aged 30 through 39
years in South Korea.15 Therefore, the lack of sufficient evi-
dence on whether hypertension, particularly according to
the stricter 2017 ACC/AHA criteria, is associated with higher
CVD risk among young adults and the increasing prevalence
of hypertension in this age group indicate that further stud-
ies are needed to investigate the association of blood pres-
sure with CVD among young adults.

This nationwide population-based study aimed to inves-
tigate the association of blood pressure categories according
to the 2017 ACC/AHA guidelines with the risk of CVD among
2.4 million young adults using the Korean National Health In-
surance Service (NHIS) database.

Methods
Study Population
The Seoul National University Hospital Institutional Review
Board approved this study (IRB number: 1703-039-836) and
the requirement for informed consent was waived because the
NHIS database was constructed after anonymization accord-
ing to strict confidentiality guidelines.

The NHIS provides mandatory health care for all Korean
citizens, with an enrollment rate of 97%. The NHIS collects data
from all hospital use including admission and outpatient visit
records, drug prescriptions, and national health examination
data. Adults aged 20 through 39 years, who are employee-
insured or self-employed are required to undergo health ex-
aminations biannually, as provided by the NHIS.16 The health
examination includes a self-reported questionnaire on health
behaviors, measurements of height, weight, and blood pres-
sure, and laboratory tests for urine and blood. The NHIS pro-

vides information from the claims data for research pur-
poses, which include all of the above-mentioned information
along with death records of cause of death and death date
merged from the Statistics Korea database. The NHIS data-
base has previously been used for epidemiological studies, and
its validity is described elsewhere.16

Key Variables
Blood pressure was measured after participants rested for at
least 2 minutes in sitting position by digital or automatic
monitors during the health examination. For the main analy-
sis, blood pressure measured nearest to the index date of
January 1, 2006, was used. All participants were categorized
by blood pressure measures: normal (systolic, <120 mm Hg;
diastolic, <80 mm Hg), elevated (systolic, 120-129 mm Hg;
diastolic, <80 mm Hg), stage 1 hypertension (systolic
130-139 mm Hg; diastolic, 80-89 mm Hg), and stage 2 hyper-
tension (systolic, ≥140 mm Hg; diastolic, ≥90 mm Hg). Fur-
thermore, the mean blood pressure levels from the first
(2002-2003) and second (2004-2005) health examination
periods were also calculated. For the mean values, the blood
pressure measurement closest to January 1, 2002, was used
for the first period and measurement closest to January 1,
2006, was used for the second period.

The primary outcome was CVD, and secondary outcomes
included coronary heart disease (CHD) and stroke. A CVD
event was defined as 2 or more days of hospitalization or
death due to the International Classification of Diseases,
Tenth Revision (ICD-10) codes pertaining to CVD.17,18 Upon
admission, the NHIS requires physicians to designate ICD-10
codes for which the patient was hospitalized. Furthermore,
causes of death were also determined by ICD-10 codes deter-
mined by the attending physician. Cardiovascular disease
(ICD-10 codes, I20-I25, I60-I69) was divided into CHD
(ICD-10 codes, I20-I25) and stroke (ICD-10 codes, I60-I69) in
accordance with the AHA guidelines.19

Statistical Analysis
Participants were followed-up from January 1, 2006, until the
date of a CVD event, death, or December 31, 2015, whichever
came first. The multivariable adjusted hazard ratios (HRs)
and 95% CIs for CVD, CHD, and stroke were determined by Cox
proportional hazards regression analysis according to blood

Key Points
Question Is hypertension in young adults, defined according to
the 2017 American College of Cardiology/American Heart
Association blood pressure guidelines, associated with the
development of subsequent cardiovascular disease?

Findings In this nationwide cohort study of 2 488 101 Koreans
aged 20 through 39 years, stage 1 hypertension (systolic blood
pressure, 130-139 mm Hg or diastolic blood pressure, 80-89 mm
Hg) was associated with an increased risk of subsequent
cardiovascular disease (hazard ratio, 1.25 for men; 1.27 for women).

Meaning Young adults with stage 1 hypertension may be at
increased risk for cardiovascular disease.
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pressure after adjustments for all covariates. The considered
covariates included age (continuous, years), household in-
come (categorical, first, second, third, or fourth quartiles),
smoking (categorical, never, past, and current smokers), physi-
cal activity (categorical, 0, 1-2, 3-4, 5-6, and 7 times per week),
alcohol consumption (categorical, 0, <1, 1-2, 3-4, and ≥5 times
per week), body mass index (BMI, continuous), fasting serum
glucose (continuous, mg/dL), total cholesterol (continuous,
mg/dL), and Charlson comorbidity index (continuous). House-
hold income was determined according to the insurance pre-
mium, and body mass index, by dividing the weight in kilo-
grams by height in meters squared. The proportional hazards
assumption was graphically tested and verified using the
Schoenfeld residual method. The assumption for proportion-
ality was not violated. Participants with missing data on blood
pressure or covariates were excluded from the final study popu-
lation prior to analysis.

Starting from the index date of January 1, 2006, all par-
ticipant prescription records were checked for antihyperten-
sive prescriptions during outpatient department visits or
hospitalizations until 2010. Participants with prescriptions
for antihypertensive medications within the first 5 years of
follow-up were categorized into those with antihyperten-
sive medications. From this, a stratified analysis on the
association of blood pressure with CVD according to sub-
groups of those prescribed antihypertensive medications
during the first 5 years of follow-up was conducted, after
which the subgroups were tested for interaction. Further-
more, CVD risk was determined using the mean blood pres-
sure values during the first and second health examination
measurements. The risk of blood pressure categories on
CVD was determined with additive adjustments of covari-
ates with 4 models. Stratified analyses of CVD for subgroups
of age, BMI, fasting serum glucose levels, total cholesterol
levels, and Charlson comorbidity index were conducted
and compared using P values for interaction. Restricted
cubic splines were constructed for adjusted HRs and 95%
CIs according to blood pressure levels.20 In accordance
with a previous study, 4 knots were placed at the fifth, 35th,
65th, and 95th percentiles of systolic or diastolic blood
pressure.12,21

We defined 2-sided P values of <.05 as statistically signifi-
cant. All data collection and statistical analyses were per-
formed using SAS version 9.4 (SAS Institute Inc) and STATA
version 14 (Stata Corp).

Results
During the 2002-2005 period, 2 692 643 individuals aged
20 through 39 years underwent health examinations. Of
those, 1661 participants (0.1%) with missing values for blood
pressure and 73 258 (2.7%) with missing covariates were
excluded. The 89 participants (<0.5%) who died and the 8517
(0.3%) who were diagnosed with CVD were also excluded;
121 017 participants (4.5%) who were prescribed antihyper-
tensive medications were excluded, resulting in a final study
population of 2 488 101 participants (Figure 1). eTable 1 in the

Supplement shows the descriptive characteristics of the final
study population and those excluded for being prescribed
antihypertensives. Table 1 depicts the descriptive characteris-
tics of the study population. The number of participants with
normal blood pressure were 991 884; elevated blood pres-
sure, 267 790; stage 1 hypertension, 938 908; and stage 2
hypertension, 289 519. The median follow-up duration was
10.0 years. Compared with normal individuals, those with
stage 2 hypertension tended to be older, men, and current
smokers, exercised more, consumed more alcohol, had
higher BMI, and had higher fasting serum glucose and total
cholesterol values.

Primary End Points
Cardiovascular disease outcomes, the primary end point, ac-
cording to 2017 ACC/AHA guideline categories are shown in
Table 2. A total of 44 813 CVD events occurred during follow-
up. Compared with men with normal blood pressure, those
with elevated blood pressure (incidence, 178 vs 164 per 100 000
person-years; difference, 14 per 100 000 person-years [95% CI,
8-20]; adjusted HR, 1.07 [95% CI 1.03-1.11]), stage 1 hyperten-
sion (incidence, 215 vs 164 per 100 000 person-years; differ-
ence, 51 per 100 000 person-years [95% CI, 48-55]; adjusted
HR 1.25 [95% CI, 1.21-1.28]), and stage 2 hypertension (inci-
dence, 336 vs 164 per 100 000 person-years; difference, 172
per 100 000 person-years [95% CI, 165-179]; adjusted HR, 1.76
[95% CI 1.70-1.81]) had elevated risk of CVD.

Similarly, compared with women with normal blood
pressure, those with elevated blood pressure (incidence, 114
vs 91 per 100 000 person-years; difference, 23 per 100 000
person-years [95% CI, 15-30]; adjusted HR, 1.13 [95% CI
1.05-1.22]), stage 1 hypertension (incidence, 131 vs 91 per
100 000 person-years; difference, 40 per 100 000 person-
years [95% CI, 35-45]; adjusted HR, 1.27 [95% CI, 1.21-1.34]),
and stage 2 hypertension (incidence, 246 vs 91 per 100 000
person-years; difference, 155 per 100 000 person-years
[95% CI, 138-173]; adjusted HR, 1.85 [95% CI, 1.71-2.01]) had
elevated risk of CVD.

Secondary End Points
Compared with normal blood pressure, men with stage 1
hypertension (incidence, 134 vs 103 per 100 000 person-
years; difference, 31 per 100 000 person-years [95% CI,

Figure 1. Flow Diagram of the Study Population

204 542 Excluded
121 017 Taking antihypertension

medication
73 258 Missing covariate values

8517 Diagnosed with cardiovascular
disease

1661 Missing blood pressure measures
 89 Died

2 692 643 Korean patients in the National Health
Insurance program underwent
examination in the 2002-2005 period

2 488 101 Final population
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Table 1. Descriptive Characteristics of the Study Population

No. (%) of Patients, Systolic/Diastolic Blood Pressure Measures, mm Hg

Normal,
<120/<80
(n = 991 884)

Elevated,
120-129/<80
(n = 267 790)

Hypertension
Stage 1,
130-139/80-89
(n = 938 908)

Stage 2,
≥140/≥90
(n = 289 519)

Age, median (IQR), y 30 (26-35) 31 (27-35) 32 (28-36) 33 (29-36)

Sex

Men 497 673 (50.2) 194 493 (72.6) 747 362 (79.6) 259 303 (89.6)

Women 494 211 (49.8) 73 297 (27.4) 191 546 (20.4) 30 216 (10.4)

Blood pressure, mean (SD), mm Hg

Systolic 107.1 (7.1) 122.1 (2.8) 124.7 (7.7) 139.4 (11.5)

Diastolic 67.2 (5.8) 71.0 (4.2) 80.3 (3.8) 91.0 (7.6)

Household income, quartiles

First (highest) 281 773 (28.4) 79 736 (29.8) 286 747 (30.5) 89 611 (31.0)

Second 353 947 (35.7) 96 931 (36.2) 344 984 (36.7) 105 382 (36.4)

Third 236 872 (23.9) 59 050 (22.1) 198 157 (21.1) 56 864 (19.6)

Fourth (lowest) 119 292 (12.0) 32 073 (12.0) 109 020 (11.6) 37 662 (13.0)

Smoking

Never 656 357 (66.2) 139 153 (52.0) 449 007 (47.8) 116 710 (40.3)

Past 80 280 (8.1) 30 379 (11.3) 112 652 (12.0) 38 559 (13.3)

Current 255 247 (25.7) 98 258 (36.7) 377 249 (40.2) 134 250 (46.4)

Physical activity, times/wk

0 555 338 (56.0) 130 029 (48.6) 446 897 (47.6) 125 761 (43.4)

1-2 293 433 (29.6) 92 043 (34.4) 334 115 (35.6) 112 845 (39.0)

3-4 100 685 (10.2) 31 791 (11.9) 111 356 (11.9) 36 158 (12.5)

5-6 19 374 (2.0) 6249 (2.3) 20 861 (2.2) 6449 (2.2)

7 23 054 (2.3) 7678 (2.9) 25 679 (2.7) 8306 (2.9)

Alcohol consumption, times/wk

0 453 716 (45.7) 97 418 (36.4) 311 922 (33.2) 75 390 (26.0)

<1 284 608 (29.7) 78 536 (29.3) 261 041 (27.8) 75 009 (25.9)

1-2 208 080 (21.0) 73 444 (27.4) 285 507 (30.4) 103 376 (35.7)

3-4 38 795 (3.9) 15 724 (5.9) 68 529 (7.3) 30 082 (10.4)

≥5 6685 (0.7) 2668 (1.0) 11 909 (1.3) 5662 (2.0)

Body mass index, mean (SD)a 22.0 (2.9) 23.2 (3.0) 23.7 (3.1) 25.1 (3.4)

<18.5 89 596 (9.0) 11 446 (4.3) 31 605 (3.4) 4156 (1.4)

18.5-22.9 561 240 (56.6) 120 400 (45.0) 362 549 (38.6) 72 581 (25.1)

23.0-24.9 189 389 (19.1) 65 887 (24.6) 236 026 (25.1) 69 019 (23.8)

≥25.0 151 659 (15.3) 70 057 (26.2) 308 728 (32.9) 143 763 (49.7)

Fasting serum glucose,
mean (SD), mg/dL

87.9 (15.7) 90.3 (17.3) 91.1 (19.0) 94.4 (23.4)

<100.0 847 090 (86.4) 217 601 (81.3) 747 360 (79.6) 209 958 (72.5)

100.0-125.9 123 352 (12.4) 45 201 (16.9) 168 521 (18.0) 66 669 (23.0)

≥126.0 11 442 (1.2) 4988 (1.9) 23 027 (2.5) 12 892 (4.5)

Total cholesterol,
mean (SD), mg/dL

180.3 (35.9) 185.4 (37.9) 189.9 (39.2) 197.9 (42.1)

<200.0 746 782 (75.3) 186 279 (69.6) 604 396 (64.4) 160 001 (55.3)

200.0-239.9 199 791 (20.1) 65 006 (24.3) 259 476 (27.6) 94 193 (32.5)

≥240.0 45 311 (4.6) 16 505 (6.2) 75 036 (8.0) 35 325 (12.2)

Charlson Comorbidity indexb

0 493 932 (49.8) 139 302 (52.0) 498 502 (53.1) 161 117 (55.7)

1 354 833 (35.8) 92 170 (34.4) 314 773 (33.5) 91 673 (31.7)

≥2 143 119 (14.4) 36 318 (13.6) 125 633 (13.4) 36 729 (12.7)

Abbreviation: IQR, interquartile range.

SI conversion factors: to convert cholesterol from mg/dL to mmol/L, multiply by
0.0259; fasting glucose from mg/dL to mmol/L, multiply by 0.0555.

a Calculated as weight in kilograms divided by height in meters squared.
b Charlson comorbidity index: range, 0 (no comorbidities) to 37 (multiple

comorbidities).
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28-33]; adjusted HR, 1.23 [95% CI 1.19-1.27]) and women with
stage 1 hypertension (incidence, 56 vs 42 per 100 000 per-
son-years; difference, 14 per 100 000 person-years [95% CI,
11-18]; adjusted HR, 1.16 [95% CI, 1.08-1.25]) had higher CHD
risk. Similarly, men with stage 2 hypertension (incidence,
202 vs 103 per 100 000 person-years; difference, 99 per
100 000 person-years [95% CI, 94-105]; adjusted HR, 1.68
[95% CI, 1.61-1.75]) and women with stage 2 hypertension (in-

cidence, 93 vs 42 per 100 000 person-years; difference, 51
per 100 000 person-years [95% CI, 40-62]; adjusted HR, 1.46
[95% CI, 1.29-1.66]) had higher CHD risk.

Similarly, stage 1 hypertension was associated with
higher risk of stroke among men (incidence, 90 vs 67 per
100 000 person-years; difference, 23 per 100 000 person-
years [95% CI, 21-26]; adjusted HR, 1.30 [95% CI, 1.25-1.36]).
Stage 1 hypertension was also associated with higher risk

Table 2. Cardiovascular Disease Risk According to the 2017 ACC/AHA Guideline Hypertension Categories Among Young Adults

Systolic/Diastolic Blood Pressure Measures, mm Hga

Normal,
<120/<80

Elevated,
120-129/<80

Hypertension
Stage 1,
130-139/80-89

Stage 2,
≥140/≥90

Men

Cardiovascular diseaseb

Events 8133 3442 16 027 8658

Person-years 4 956 470 1 936 762 7 438 815 2 576 789

Incidence (events/100 000
person-years)

164 178 215 336

Adjusted HR (95% CI)c 1 [Reference] 1.07 (1.03-1.11) 1.25 (1.21-1.28) 1.76 (1.70-1.81)

Coronary heart diseased

Events 5086 2129 9883 5159

Person-years 4 932 594 1 927 079 7 395 062 2 555 118

Incidence (events/100 000
person-years)

103 110 134 202

Adjusted HR (95% CI)c 1 [Reference] 1.05 (1.00-1.10) 1.23 (1.19-1.27) 1.68 (1.61-1.75)

Strokee

Events 3304 1424 6705 3882

Person-years 4 944 603 1 931 658 7 416 030 2 564 038

Incidence (events/100 000
person-years)

67 74 90 151

Adjusted HR (95% CI)c 1 [Reference] 1.10 (1.03-1.17) 1.30 (1.25-1.36) 1.99 (1.90-2.09)

Women

Cardiovascular diseaseb

Events 4483 830 2499 741

Person-years 4 931 236 731 171 1 910 506 301 010

Incidence (events/100 000
person-years)

91 114 131 246

Adjusted HR (95% CI)c 1 [Reference] 1.13 (1.05-1.22) 1.27 (1.21-1.34) 1.85 (1.71-2.01)

Coronary heart diseased

Events 2085 356 1074 278

Person-years 4 920 920 729 405 1 905 383 299 719

Incidence (events/100 000
person-years)

42 49 56 93

Adjusted HR (95% CI)c 1 [Reference] 1.04 (0.93-1.16) 1.16 (1.08-1.25) 1.46 (1.29-1.66)

Strokee

Events 2526 508 1513 487

Person-years 4 921 904 729 364 1 905 177 299 275

Incidence (events/100 000
person-years)

51 70 79 163

Adjusted HR (95% CI)c 1 [Reference] 1.23 (1.12-1.36) 1.37 (1.29-1.46) 2.18 (1.97-2.41)

Abbreviations: ACC/AHA, American College of Cardiology and American Heart
Association; HR, hazard ratio.
a Median follow-up for each category was 10 years.
b Operational definition: hospitalization of 2 or more days or death due to

coronary heart disease or stroke.
c Hazard ratio calculated by Cox proportional hazards regression analysis after

adjustments for age, household income, smoking, physical activity, alcohol

consumption, body mass index, fasting serum glucose and total cholesterol
levels, and Charlson comorbidity index.

d Operational definition: hospitalization of 2 or more days or death due to
coronary heart disease.

e Operational definition: hospitalization of 2 or more days or death
due to stroke.
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of stroke among women (incidence, 79 vs 51 per 100 000
person-years; difference, 28 per 100 000 person-years [95%
CI, 24-32]; adjusted HR, 1.37 [95% CI, 1.29-1.46]).

The trend of greater risk of stroke held true among men
with stage 2 hypertension (incidence, 151 vs 67 per 100 000
person-years; difference, 84 per 100 000 person-years [95%
CI, 80-89]; adjusted HR, 1.99 [95% CI, 1.90-2.09]). The
trend of greater risk of stroke also held true for women with
stage 2 hypertension (incidence, 163 vs 51 per 100 000 per-
son-years; difference, 112 per 100 000 person-years [95% CI,
98-127]; adjusted HR, 2.18 [95% CI, 1.97-2.41]). The risk-
increasing association of blood pressure categories with
CVD was similar upon using mean blood pressure values
(eTable 2 in the Supplement).

Table 3 depicts the stratified analysis on the association
of 2017 ACC/AHA categories on CVD according to subgroups
of antihypertensive medication prescribed within the first
5 years of follow-up. Although stage 1 hypertension was asso-
ciated with higher risk of CVD among men without treat-
ment (incidence, 167 vs 137 per 100 000 person-years;

difference, 30 per 100 000 person-years [95% CI, 27-33];
adjusted HR, 1.17 [95% CI, 1.13-1.21]) as it was for women
(incidence, 106 vs 81 per 100 000 person-years; difference,
25 per 100 000 person-years [95% CI, 20-30]; adjusted HR,
1.18 [95% CI, 1.12-1.25]), patients with stage 1 hypertension
who were prescribed antihypertensive medications did not
have increased CVD risk. The incidence for men was 706 vs
656 per 100 000 person-years (difference, 50 per 100 000
person-years [95% CI, 30-70]; adjusted HR, 1.03 [95% CI,
0.97-1.09]). The incidence for women was 562 vs 511 per
100 000 person-years (difference, 51 per 100 000 person-
years [95% CI, 16-98]; adjusted HR, 1.02 [95% CI, 0.90-1.14]).
There was a significant difference in the association of 2017
ACC/AHA categories on CVD according to subgroups of those
with and without antihypertensive medication prescribed
within the first 5 years of follow-up (P for interaction, <.001
for both men and women). Similar relationships were
observed when restricted cubic splines were used to treat
systolic and diastolic blood pressure as continuous variables
for men and women (Figure 2).

Table 3. Stratified Analysis on the Association of the 2017 ACC/AHA Guideline Hypertension Categories on Cardiovascular Disease
According to Subgroups of Antihypertensive Medication Prescription Within the First 5 Years of Follow-up

Systolic/Diastolic Blood Pressure Measures, mm Hg

Normal,
<120/<80 mm Hg

Elevated,
120-129/<80 mm Hg

Hypertension
Stage 1,
130-139/80-89 mm Hg

Stage 2,
≥140/≥90 mm Hg

Men

Without antihypertensive medicationsa

Events 6445 2580 11 275 4486

Person-years 4 699 087 1 817 577 6 765 350 2 009 630

Incidence (events/100 000
person-years)

137 142 167 223

Adjusted HR (95% CI)b 1 [Reference] 1.02 (0.98-1.07) 1.17 (1.13-1.21) 1.46 (1.41-1.52)

With antihypertensive medicationsa

Events 1688 862 4752 4172

Person-years 257 384 119 185 673 465 567 160

Incidence (events/100 000
person-years)

656 723 706 736

Adjusted HR (95% CI)b 1 [Reference] 1.08 (0.99-1.18) 1.03 (0.97-1.09) 1.03 (0.97-1.09)

Women

Without antihypertensive medicationsa

Events 3906 672 1914 408

Person-years 4 818 403 704 185 1 806 338 246 289

Incidence (events/100 000
person-years)

81 95 106 166

Adjusted HR (95% CI)b 1 [Reference] 1.08 (0.99-1.17) 1.18 (1.12-1.25) 1.51 (1.36-1.68)

With antihypertensive medicationsa

Events 577 158 585 333

Person-years 112 833 26 986 104 168 54 721

Incidence (events/100 000
person-years)

511 585 562 609

Adjusted HR (95% CI)b 1 [Reference] 1.10 (0.92-1.31) 1.02 (0.90-1.14) 1.04 (0.90-1.20)

Abbreviation: ACC/AHA, American College of Cardiology and American Heart
Association.
a Antihypertensive medication prescription within the first 5 years of follow-up.
b Hazard ratio calculated by Cox proportional hazards regression analysis after

adjustments for age, household income, smoking, physical activity, alcohol
consumption, body mass index, fasting serum glucose, total cholesterol,
and Charlson comorbidity index.
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The association of systolic and diastolic blood pressure
with CVD is shown in Figure 2. Systolic blood pressure
higher than 120 mm Hg was associated with elevated CVD
risk in a dose-responsive manner for both men and women.
Similarly, diastolic blood pressure higher than 80 mm Hg
was associated with increased risk of CVD for both men and
women. The risk-increasing association of high blood pres-
sure with CVD risk was preserved among unadjusted (eFig-
ure 1 in the Supplement) and age-adjusted (eFigure 2 in the
Supplement) models. The association of blood pressure cat-

egories with CVD risk according to additive adjustments of
covariates is shown in eTable 3 in the Supplement. Com-
pared with participants with normal blood pressure, those
with stage 1 hypertension had an additional 5.1 and 3.9 CVD
events per 1000 men and women, respectively (eTable 4 in
the Supplement). Participants with stage 1 hypertension for
all subgroups of age, BMI, fasting serum glucose, total cho-
lesterol, and Charlson comorbidity index had higher risk of
CVD than did those with normal blood pressure (eTable 5 in
Supplement).

Figure 2. Hazard Ratios for Cardiovascular Disease According to Index Blood Pressure Among Young Adults With and Without Stratification
According to Antihypertensive Medication Prescription Within the First 5 Years of Follow-up
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Discussion

In this nationwide population-based study of more than 2.4
million young adults, stage 1 hypertension according to the 2017
ACC/AHA guideline was associated with higher subsequent risk
of CVD. This is the first study, to our knowledge, in a Korean
population to show that stage 1 hypertension was associated
with increased CVD risk among young men and women aged
20 to 39 years.

In 2017, the ACC/AHA issued a blood pressure manage-
ment guideline with a new definition for hypertension start-
ing from blood pressure of 130/80 mm Hg.4 Previously, hy-
pertension was defined as blood pressure of 140/90 mm Hg
or higher, while the systolic blood pressure ranging between
130 and 139 and diastolic blood pressure between 80 and
89 mm Hg had been defined as prehypertension.22 The 2017
ACC/AHA criteria was based on many large-scale studies that
showed that the stage 1 hypertension blood pressure range was
associated with higher CVD risk.23-28 For example, in an analy-
sis including a total of 346 570 participants from 36 cohort stud-
ies, the stage 1 hypertension blood pressure range was asso-
ciated with increased risk of CHD (adjusted HR,1.31; 95% CI,
1.14-1.50), ischemic stroke (adjusted HR, 1.60; 95% CI, 1.33-
1.92), and hemorrhagic stroke (adjusted HR, 2.17; 95% CI,
1.69-2.79).29 Despite this, the 2018 European Guidelines for the
management of arterial hypertension announced in August
2018 retained its existing hypertension definition of
140/90 mm Hg or higher.30 However, the results from this study
give further support to the 2017 ACC/AHA guideline recom-
mendations by showing that stage 1 hypertension was asso-
ciated with higher CVD risk among young adults aged 20
through 39 years.

Results from previous studies that determined the asso-
ciation of blood pressure on CVD among young adults are in
line with those from this study. In a study involving 9887 young
men aged 15 through 29 years, it has been shown that every
10 mm Hg increase in systolic blood pressure was associated
with an adjusted HR of 1.14 (95% CI, 1.05-1.23) for CVD
mortality.14 Similarly, another study consisting of 10 874 men
aged 18 through 39 years demonstrated that increases in
15 mm Hg of systolic blood pressure or 10 mm Hg of diastolic
blood pressure were associated with an adjusted HR of 1.26
(95% CI, 1.11-1.44) or 1.17 (95% CI, 1.01-1.35) for CHD mortal-
ity, respectively.13 A nationwide cohort study involving 1 207 141
adolescent men showed that blood pressure higher than
120/80 mm Hg was associated increased risk of CVD mortality.12

However, previous studies were limited to men and lacked ad-
justments for certain potentially important confounders such
as BMI, fasting serum glucose concentrations, or total choles-
terol levels. This study not only included women but also dem-
onstrated that the higher CVD risk associated with higher blood
pressure was also true after adjustments for a wide range of
covariates including BMI, fasting serum glucose, and total cho-
lesterol, thus enhancing the generalizability of the results.

Participants with antihypertensive medication pre-
scribed before the index date were excluded as the duration
of hypertension since initial diagnosis or dose and types of an-

tihypertensive medications prescribed may have effects on
both blood pressure levels and CVD risk.31 Nevertheless, in an
attempt to determine whether pharmacological manage-
ment may be associated with a lower risk of CVD particularly
among patients with stage 1 hypertension, a stratified analy-
sis according to subgroups of antihypertensive medication pre-
scription within the first 5 years of follow-up was conducted.
Although patients with stage 1 hypertension not taking anti-
hypertensive medications had higher risk of CVD, those who
were prescribed antihypertensives did not have increased CVD
risk compared with their respective normal blood pressure
groups. Although this appears to suggest that early antihyper-
tensive management of stage 1 hypertension even among
young adults may be associated with reduced CVD risk, this
result is subject to a number of potentially confounding fac-
tors such as differences in access to care and number of medi-
cal contacts. Therefore, future prospective studies are needed
to validate these findings.

Although the absolute risks for CVD were lower in this age
group than that of previous studies involving middle-aged and
elderly adults,32 there were nevertheless increases in abso-
lute risk for stage 1 hypertension compared with participants
with normal blood pressure. Compared with those with nor-
mal blood pressure, men with stage 1 hypertension had addi-
tional 5.1 events and women, an additional 3.9 events per 1000.
Therefore, despite the relatively low absolute risk, the differ-
ence in absloute risk and the fact that sustained hypertension
during longer durations is associated with higher risk of CVD
indicate that early blood pressure management among young
adults may lead to significant public health benefits by reduc-
ing CVD risk later in life.

This study has a number of strengths. The large study
population as well as the inclusion of women add to the reli-
ability of the findings. Furthermore, a number of confound-
ers, including household income, health behaviors, and health
characteristics, and comorbidities were taken into account.

Limitations
This study has several limitations. First, blood pressure was
measured only once and measurements were not conducted
according to rigorous contemporary standards, which could
lead to inaccurate blood pressure values. However, blood pres-
sure measurement instruments in all health examination in-
stitutions receive quality assessment every 3 years according
to the Basic Act on National Health Examination. Further-
more, because mean blood pressure calculated from re-
peated measurements may be better associated with CVD risk,33

we also used mean blood pressure measurements from 2 sepa-
rate blood pressure values over a 2-year span and determined
their association with CVD risk, the results of which were con-
sistent with those from the main findings. Nevertheless, fu-
ture studies that use other methods of blood pressure mea-
surement are needed to validate the findings of this study,
particularly since white coat hypertension has been reported
to be prevalent among young adults.34 Second, the opera-
tional definition of CVD may be prone to misdiagnosis, as evi-
denced by the unusually higher rate of CHD compared with
stroke among men and the low autopsy rate (1.9% of all deaths
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according to a report in 201335) in South Korea. Although the
operational definition of CVD used in this study has been ad-
opted from multiple previous studies using the same data
source,17,18 future studies that use a more accurate definition
of CVD are needed to validate these findings.

Third, the study population was from a single country, so
the results may not necessarily be generalizable to people of
other racial or ethnic backgrounds. Fourth, ischemic and hem-
orrhagic stroke could not be analyzed separately due to lack
of data. Future studies that investigate the association of blood
pressure on ischemic and hemorrhagic stroke are needed. Fifth,
we did not take into account other CVD medications outside
of antihypertensives that also lower blood pressure. Sixth, there
was also no data available on adherence to reduced salt in-
take or other dietary recommendations, as well as type of physi-

cal activity, which may be important confounders in the as-
sociation of blood pressure with CVD. Future studies that take
into account a more comprehensive range of factors includ-
ing CVD medications, dietary habits, and physical activity type
are needed to validate the findings of this study.

Conclusions
Among Korean young adults, stage 1 and stage 2 hyperten-
sion, compared with normal blood pressure, were associ-
ated with increased risk of subsequent cardiovascular dis-
ease events. Young adults with hypertension, defined by the
2017 ACC/AHA criteria, may be at increased risk of cardio-
vascular disease.
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