
Copyright © 2023 The Korean Association of Internal Medicine
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which 
permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

pISSN 1226-3303
eISSN 2005-6648

http://www.kjim.org

ORIGINAL ARTICLE

Korean J Intern Med 2023;38:56-67
https://doi.org/10.3904/kjim.2022.249

Long-term cardiovascular events in hypertensive 
patients: full report of the Korean Hypertension 
Cohort
Jin Young Lee1, Jean Kyung Bak2, Mina Kim1, Ho-Gyun Shin2, Kyun-Ik Park2, Seung-Pyo Lee3,4, Hee-Sun Lee3,4,  
Ju-Yeun Lee5, Kwang-il Kim4,6, Si-Hyuck Kang4,6, Jang Hoon Lee7, Se Yong Jang7, Ju-Hee Lee8, Kye Hun Kim9,  
Jae Yeong Cho10, Jae-Hyeong Park10, Sue K. Park11, and Hae-Young Lee3,4

1Department of Applied Statistics, Chung-Ang University, Seoul; 2National Evidence-based Healthcare Collaborating Agency (NECA), Seoul; 
3Department of Internal Medicine, Seoul National University Hospital, Seoul; 4Department of Internal Medicine, Seoul National University 
College of Medicine, Seoul; 5College of Pharmacy, Seoul National University, Seoul; 6Department of Internal Medicine, Seoul National University 
Bundang Hospital, Seongnam; 7Department of Internal Medicine, Kyungpook National University Hospital, School of Medicine, Kyungpook 
National University, Daegu; 8Division of Cardiology, Department of Internal Medicine, Chungbuk National University Hospital, Chungbuk 
National University College of Medicine, Cheongju; 9Department of Cardiovascular Medicine, Chonnam National University Hospital, Chonnam 
National University Medical School, Gwangju; 10Department of Internal Medicine, Chungnam National University College of Medicine, Daejeon; 
11Department of Preventive Medicine, Seoul National University College of Medicine, Seoul, Korea

Received : July 27, 2022
Revised : August 23, 2022
Accepted : September 9, 2022

Correspondence to Hae-Young Lee, M.D.
Division of Cardiology, Department of Internal Medicine, Seoul National University College of 
Medicine, 101 Daehak-ro, Jongno-gu, Seoul 03080, Korea 
Tel: +82-2-2072-0698, Fax: +82-2-3674-0805, E-mail: hylee612@snu.ac.kr
https://orcid.org/0000-0002-9521-4102

http://crossmark.crossref.org/dialog/?doi=10.3904/kjim.2022.249&domain=pdf&date_stamp=2023-01-01


57

Lee JY, et al. Korean Hypertension Cohort

www.kjim.orghttps://doi.org/10.3904/kjim.2022.249

INTRODUCTION

Hypertension is the most significant contributors to cardio-
vascular disease [1]. In a large-scale pooled cohort study 
of an Asian population, hypertension was a significant risk 
factor for stroke and ischemic heart disease [2]. After the 
success of intensive blood pressure (BP) control in the Sys-
tolic Blood Pressure Intervention Trial (SPRINT), hypertension 
guidelines emphasize strict BP control for maximal cardio-
vascular prevention [3-5]. A meta-analysis by the Blood 
Pressure Lowering Treatment Trialists’ Collaboration even 
suggested no ‘floor level’ for reducing BP [6,7]. However, 
recent report in the Antihypertensive and Lipid-Lowering 
Treatment to Prevent Heart Attack Trial (ALLHAT) study 
suggested that low diastolic blood pressure (DBP) under 80 
mmHg might increase coronary events [8]. Elderly hyperten-
sive patients enrolled in clinical trials, such as Hypertension 
in the Very Elderly Trial (HYVET) and Strategy of Blood Pres-
sure Intervention in the Elderly Hypertensive Patients (STEP) 
trials, were relatively healthy, therefore low DBP associated 
with stiff blood vessels did not exert remarkable influence 
in outcomes [9,10]. However, large pulse pressure and 
isolated systolic hypertension is frequently observed in the 
real-world situation, which hinders intensive systolic blood 
pressure (SBP) lowering [11]. Therefore, real-world evidenc-
es are necessary to confirm the findings of clinical trials 

especially the optimal SBP/DBP combinations. Additionally, 
the differences in ethnicity and healthcare resources and 
the development of new medications affect the results of 
hypertension control. 

Therefore, we designed the Korean Hypertension Cohort 
(KHC) study to integrate detailed clinical and long-term 
follow-up data from six national tertiary hospitals and the 
National Health Insurance System-health screening (NHIS-
HEALS) system. We primarily aimed to evaluate the inci-
dence of cardiovascular events and death according to the 
SBP/DBP combinations and also compared these with data 
of controls without hypertension. 

METHODS 

Study design and data collection
The KHC study enrolled 11,043 patients with hypertension 
who visited tertiary university hospitals for the first time and 
was had hypertension as a primary diagnosis from 2006 to 
2011. The study design has been published previously [12]. 
The primary composite outcome of this study was all cause 
death and major cardiovascular events including heart fail-
ure, myocardial infarction, peripheral arterial disease, hem-
orrhagic stroke, ischemic stroke, and end stage renal dis-
ease. Moreover, sample size was calculated based on the 

Background/Aims: This study evaluated the long-term cardiovascular complications among Korean patients with hyperten-
sion and compared them with that of controls without hypertension.
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dence of cardiovascular events and death among patients and controls without hypertension. 
Results: The mean age was 59 years, and 34.8% and 16.5% of the patients belonged to the high and moderate cardiovas-
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risk reduction of SPRINT to determine the role of intensive 
BP lowering compared to conventional BP control, although 
the target BP goals were modified from those in the SPRINT 
[13].

The eligibility criteria included patients with hyperten-
sion who were regularly followed up at least three times 
out of four time points (1, 2–6, 7–12, 13–24 months) for 
a minimum of 2 years with laboratory evaluation and pre-
scribed antihypertensive medications. Exclusion criteria were 
described in the design paper [12]. We followed up using 
2-year hospital records linked with the NHIS-HEALS data 
from 2004 to 2018. 

Furthermore, the study also included a control popula-
tion without hypertension at a 1:10 ratio (100,000 persons) 
from the NHIS-HEALS sample cohort sex- and age-matched 
case-to-case [14]. Hypertension was excluded by filtering 
the primary and additional disease codes. Among the NHIS-
HEALS sample cohort, the control population was select-
ed according to the patients who underwent the national 
health examination more than twice to sufficiently compare 
cardiovascular risk factors. The flow diagram of the KHC is 
summarized in Fig. 1.

The entire analysis process of the linked data sources was 
conducted in the NHIS data analysis office. External exporta-
tion of the data and additional extraction of personal infor-

mation were not permitted. The authors are restricted from 
sharing the data underlying this study because The Korean 
NHIS owns the data. The study protocols were reviewed and 
approved by the Institutional Review Boards of each partici-
pating hospital, including the coordinating center (Seoul Na-
tional University Hospital H-1810-056-977; Seoul National 
University Bundang Hospital B-1901-519-409). The dataset 
was anonymized to the researchers by the NHIS and the re-
quirement for informed consent was waived.

Definition of cardiovascular diseases and risk 
factors
Hypertension was defined as an SBP/DBP ≥ 140/90 mmHg 
without antihypertensive treatment or taking antihyperten-
sive treatment. Clinical cardiovascular diseases, subclinical 
organ damage, and cardiovascular risk factors were de-
fined according to the 2018 Korean Society of Hyperten-
sion guidelines for the management of hypertension [15]. 
The high cardiovascular risk group was defined as patients 
with clinical cardiovascular disease, chronic kidney disease, 
or diabetes mellitus. The moderate cardiovascular risk group 
was defined as patients with increased vascular stiffness, left 
ventricular hypertrophy, or metabolic syndrome excluding 
diabetes mellitus. Increased vascular stiffness was defined 
as the presence of atherosclerotic plaques, increased pulse 

Figure 1. Flow diagram of Korean Hypertension Cohort. NHIS-HEALS, National Health Insurance System-health screening; NHE, National 
health examination.
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Table 1. Baseline characteristics

Variable Hypertension (n = 11,043) Non-hypertension (n = 110,417) p value

Age at index date, yr 58.7 ± 11.5 58.7 ± 11.5 0.989

Male sex 5,582 (50.6) 55,813 (50.6) 1.000

BMI, kg/m2 25.5 ± 3.5 23.5 ± 7.6 < 0.001

SBP, mmHg 148.0 ± 18.5 121.0 ± 15.4 < 0.001

DBP, mmHg 88.0 ± 12.6 78.0 ± 10.0 < 0.001

Previous HT treatment (yes) 6,578 (59.6)

HT family history (yes) 1,812 (16.4) 2,603 (2.4) < 0.001

Smoking status < 0.001

Current smoker 6,466 (58.6) 70,758 (64.1)

Ex-smoker 617 (5.6) 13,354 (12.1)

None 840 (7.6) 22,241 (20.1)

Previous disease history

Heart failure 237 (2.2) 126 (0.1) < 0.001

Myocardial infarction 1,041 (9.4) 33 (< 0.1) < 0.001

Peripheral artery disease 224 (2.0) 661 (0.6) < 0.001

Hemorrhagic stroke 32 (0.3) 25 (< 0.1) < 0.001

Ischemic stroke 510 (4.6) 7 (< 0.1) < 0.001

Diabetes mellitus 1,295 (11.7) 1,210 (1.1) < 0.001

Metabolic syndrome 1,987 (17.8) 5,983 (5.4) < 0.001

Blood chemistry  

Estimated GFR, mL/min/1.73 m2 86.5 ± 37.0 77.3 ± 23.7 < 0.001

GFR category < 0.001

≥ 90 2,131 (19.3) 21,480 (19.5)

60–89 5,963 (54.0) 35,207 (31.9)

45–59 1,196 (10.8) 3,450 (3.1)

30–44 221 (2.0) 211 (0.2)

< 29 88 (0.8) 627 (0.6)

Blood cholesterol levels 

Total cholesterol, mg/dL 192.1 ± 39.9 201.1 ± 39.9 < 0.001

Triglyceride, mg/dL 152.0 ± 98.3 135.6 ± 96.4 < 0.001

HDL cholesterol, mg/dL 51.9 ± 13.5 55.6 ± 27.8 < 0.001

LDL cholesterol, mg/dL 113.2 ± 34.8 122.2 ± 67.1 < 0.001

Albuminuria < 0.001

– 3,974 (36.0) 106,182 (96.2)

± 786 (7.1) 1,892 (1.7)

+ 428 (3.9) 1,271 (1.2)

++ 205 (1.9) 396 (0.4)

+++ 107 (1.0) 64 (0.1)

++++ 0 16 (0.0)

Antihypertensive classes

Thiazide diuretic 3,017 (27.3)
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wave velocity, or a decreased ankle-brachial index. The low 
cardiovascular risk group was defined as patients who did 
not belong to either the high or moderate risk groups. For 
the NHIS claim data analysis, operational definitions of car-
diovascular diseases were followed as in Choi [16]. 

Blood pressure measurement
BP was primarily measured by clinicians using mercury 
sphygmomanometers more than twice after 3 to 5 minutes 
of rest using standard technique. Clinic BP data were collect-
ed at baseline, and after 1, 2–6, 7–12, and 13–24 months. 
If the patients visited multiple times during each time in-
terval, BP values most adjacent to the time point (1, 6, 12, 

24 months) were collected. Furthermore, BP measured in 
the NHIS-HEALS was collected at years 3 and 5 if hyperten-
sive patients received a national health examination. If the 
examination results at years 3 and 5 were unavailable, the 
average BP values at the 2-year interval were collected. 

Statistical analysis
The baseline characteristics, including demographics, phys-
ical and laboratory findings, risk factors, and management 
are presented as frequencies and percentages or means 
and standard deviations. Clinical characteristics between 
the hypertensive patients and non-hypertensive controls 
were compared using the chi-squared test for categorical 

Variable Hypertension (n = 11,043) Non-hypertension (n = 110,417) p value

Calcium channel blocker 6,481 (58.7)

ACE inhibitor 817 (7.4)

Angiotensin receptor blocker 6,462 (58.5)

Beta-blocker 3,031 (27.5)

Aldosterone antagonist 196 (1.8)

Alpha-blocker 119 (1.1)

Average number of pills 1.82 ± 0.90

Statins 3,808 (34.5) 2,742 (2.5) < 0.001

Aspirin 3,775 (34.2) 1,098 (1.0) < 0.001

Anti-diabetic medication 1,253 (11.4) 600 (0.5) < 0.001

Values are presented as mean ± standard deviation or number (%).
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HT, hypertension; GFR, glomerular filtration rate; 
HDL, high density lipoprotein; LDL, low density lipoprotein; ACE, angiotensin converting enzyme.

Table 2. Ten-year CV events according to the baseline cardiovascular risk  

Event

Hypertension
Non-hypertension  

(n = 110,417)All
(n = 11,043)

Low CV risk 
(n = 5,381)

Moderate CV 
risk (n = 1,823)

High CV risk  
(n = 3,839)

Any CV events 1,591 (14.4) 602 (11.2) 243 (13.3) 746 (19.4) 7,635 (6.9)

Heart failure 654 (5.9) 299 (5.6) 111 (6.1) 244 (6.4) 2,053 (1.9)

Myocardial infarction 258 (2.3) 66 (1.2) 42 (2.3) 150 (3.9) 753 (0.7)

Peripheral arterial disease 391 (3.5) 168 (3.1) 61 (3.3) 162 (4.2) 3,836 (3.5)

Ischemic stroke 53 (0.5) 44 (0.8) 13 (0.7) 52 (1.4) 179 (0.2)

Hemorrhagic stroke 109 (1) 14 (0.3) 11 (0.6) 28 (0.7) 731 (0.7)

End stage renal disease 127 (1.2) 11 (0.2) 5 (0.3) 111 (2.9) 85 (0.1)

Death 558 (5.3) 186 (3.5) 72 (3.9) 330 (8.6) 4,826 (4.4)

Values are presented as number (%).
CV, cardiovascular.

Table 1. Continued
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variables and Student’s t test for continuous variables. The 
incidence rates were estimated using the total number of 
outcomes during the follow-up. For the cardiovascular out-
come evaluation, we used a Cox proportional risk model 
between-group comparisons. Hazard ratios (HRs) and their 
corresponding 95% confidence intervals (CIs) were calcu-
lated from Cox proportional hazards analysis. Time to oc-
currence of the cardiovascular events was analyzed using 
Kaplan-Meier curves [17]. Comparisons were considered 
statistically significant if two-tailed p values were less than 
0.05. Statistical analyses were performed using SAS version 
9.4 (SAS Institute, Cary, NC, USA).

RESULTS

Baseline characteristics of the cohort 
The baseline characteristics of the cohort population accord-
ing to hypertension status are shown in Table 1. The mean 
age was 59 years, 50.6% of the patients were male, 30.4% 
received no previous hypertension treatment, and 34.8%, 
16.5%, and 48.7% belonged to the high, moderate, and 
low cardiovascular risk groups, respectively (Supplementary  
Table 1). The initial BP was 148.0 ± 18.5/88.0 ± 15.4 mmHg. 
The average number of antihypertensive medications was 

1.82 ± 0.90 tablets per day. Calcium channel blockers and 
angiotensin receptor blockers were prescribed to nearly 60% 
of the hypertensive population, and 34% were prescribed  
statins and aspirin. In the control group without hyperten-
sion, the initial BP was 121.0 ± 15.4/78.0 ± 10.0 mmHg.

Cardiovascular events according to hyperten-
sion status
A total of 1,591 cardiovascular events (14.4%) with 588 
deaths (5.3%) in the population with hypertension and 
7,635 cardiovascular events (6.9%) with 4,826 deaths 
(4.4%) in the control group without hypertension occurred 
during a follow-up period of 10.0 years (3,529 ± 790 days 
in the population with hypertension and 3,567 ± 570 days 
in the control group without hypertension) (Table 2). Car-
diovascular event rates in the population with hyperten-
sion were more than twice those in the population with-
out hypertension (Supplementary Table 2). The HR was the 
greatest within 1 year (5.61; 95% CI, 4.83 to 6.52) but was 
maintained at 5 years (HR, 2.75; 95% CI, 2.59 to 2.93) and 
10 years (HR, 1.85; 95% CI, 1.77 to 1.93) of follow-up 
(Supplementary Table 3). All individual cardiovascular events 
invariably occurred at a higher rate in the population with 
hypertension (Fig. 2, Supplementary Table 4) than in the 
controls. Furthermore, higher rates of cardiovascular events 

Figure 2. Cumulative incidence of cardiovascular events in the hypertensive group and non-hypertensive controls. (A) Heart failure. (B) 
Myocardial infarction. (C) Peripheral arterial disease. (D) Hemorrhagic stroke. (E) Ischemic stroke. (F) End stage renal disease.
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and death were associated with a higher cardiovascular risk 
at baseline (Table 2), and even the low-risk population with 
hypertension showed a higher cardiovascular event rate 
than the population without hypertension. Two-year and 
5-year cardiovascular event rates are presented in Supple-
mentary Tables 5 and 6.

Blood pressure changes during follow-up 
To minimize the measurement error in the clinic setting, we 
averaged the BP measurements after 6 months to 2 years of 
follow-up (6 months, 1 year, and 2 years). BPs in the pop-
ulation with hypertension continuously decreased during 2 
years of hospital data follow-up and the NHIS-HEALS data fol-
low-up after that. Most reductions in SBP and DBP occurred 
in the first 6 months and maintained thereafter. SBP were 
decreased from 149.4 ± 18.4 to 130.6 ± 13.8 mmHg and 
DBP were decreased from 88.6 ± 12.5 to 78.0 ± 9.0 mmHg,  
significantly (Supplementary Fig. 1A). There was no signifi-
cant difference in BP reduction between men and women 
(Supplementary Fig. 1B). However, younger aged groups 
showed consistently higher BP throughout the study period, 

although the BP difference between age groups reduced 
(Supplementary Fig. 1C). Remarkably, SBP was reduced in 
similar levels across cardiovascular risk groups. However, 
DBP was lower in the high-risk group compared with the 
lower risk groups, although the extent of DBP reduction 
was greater in the lower risk group than that of the high-
risk group (Supplementary Fig. 1D). Overall, 79% of hyper-
tensive patients had controlled their SBP below 140 mmHg 
after 6 months of the enrollment (Supplementary Table 7). 
After 2 years of hospital data follow-up, we observed that 
SBP and DBP consistently decreased in the NHIS-HEALS data 
(Supplementary Fig. 2). A total of 1,649 (15%) patients 
with hypertension received the NHIS-HEALS adjacent within 
3 months of the clinic BP measurement at year 2. There-
fore, we could indirectly compare the difference between 
the clinic BP and the NHIS-HEALS BP. Interestingly, in the BP 
range 130–139/80–89 mmHg, the clinic and NHIS-HEALS 
BP were almost identical. However, in the higher BP ranges, 
the clinic BP tended to be higher, and in the lower BP rang-
es, BP tended to be in a lower range than those recorded in 
the NHIS-HEALS (Supplementary Fig. 3).

Figure 3. The combined effect of systolic and diastolic blood pressure on cardiovascular events. (A) Major cardiovascular events or death 
according to systolic blood pressure (SBP) categories. (B) Major cardiovascular events according to SBP categories. (C) Death according to 
SBP categories. (D) Major cardiovascular events or death according to diastolic blood pressure (DBP) categories. (E) Major cardiovascular 
events according to DBP categories. (F) Death according to DBP categories. aStatistically significant difference compared with other groups 
(p < 0.001).
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Cardiovascular events according to BPs in 
patients with hypertension 
Next, we evaluated the incidence of cardiovascular events 
according to clinic BPs after 6 months of enrollment. The 
patients with hypertension were initially divided into six SBP 
groups of < 120, 120–129, 130–139, 140–149, 150–159, 
and ≥ 160 mmHg and into DBP groups of < 60, 60–69, 
70–79, 80–89, 90–99, and ≥ 100 mmHg (Supplementary 
Tables 7 and 8). However, the lowest and highest groups 
were small in number. Therefore, we merged the two low-
est groups and the two highest groups creating four SBP 
and four DBP groups for the analysis. Interestingly, age was 
positively correlated with SBP but showed a negative correla-
tion with DBP. In the unadjusted survival analysis, higher SBP 

≥ 150 mmHg was associated with a higher rate of cardio-
vascular events. SBP of 140 to 149 mmHg showed a mod-
estly higher incidence of combined cardiovascular events 
and death than the lower two SBP groups (Fig. 3A-3C).  
In contrast, lower DBP (< 70 and 70–79 mmHg) was signifi-
cantly associated with a higher rate of cardiovascular events 
than the higher two DBP groups (Fig. 3D-3F). Then, we an-
alyzed the incidence of cardiovascular events according to 
pulse pressure quintiles. Although the largest pulse pressure 
group showed higher event rates, the difference between 
each pulse pressure groups were not clearly demarcated 
compared with SBP or DBP groups (Supplementary Fig. 4). 
Because SBP and DBP are not independent values in each 
individual, we presented the cardiovascular event rates as 

Figure 4. Combined effect of systolic and diastolic blood pressure on cardiovascular events according to age, gender, and blood pres-
sures.
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16 combinations of SBP and DBP groups. In subgroup anal-
ysis, the combined effect of SBP and DBP on cardiovascular 
events was higher in the elderly, the high-risk hypertension 
patients than the non-elderly, and the moderate to low-risk 
hypertension patients, respectively (Fig. 4). 

DISCUSSION

We presented the actual burden of cardiovascular complica-
tions in hypertensive patients through large-volume, long-
term follow-up. Cardiovascular event rates among Korean 
hypertensive patients were substantial, reaching 15% in 10 
years of follow-up. Event rates in the hypertensive patients 
were more than twice those in the population without hy-
pertension, and a higher rate of cardiovascular events was 
associated with a higher cardiovascular risk at baseline. 
Even the low-risk population with hypertension showed a 
higher cardiovascular event rate than the population with-
out hypertension. Although clinic BP measurement in the 
real-world showed remarkable inaccuracy compared with 
those measured in the national health examinations, higher 
SBP ≥ 150 mmHg had a distinctively higher risk than lower 
SBP groups. Our results provide valuable information to fill 
the gap between the published clinical guidelines and re-
al-world practice in hypertensive patients. 

Regarding, the remarkable findings in hypertension-in-
duced cardiovascular event of this study, there are two 
points to consider. First, the event rate in the Korean popula-
tion was higher than expected. Some may still consider that 
lean, less diabetic Asian hypertensive patients might be less 
susceptible to cardiovascular complications; however, this 
has been proven untrue. However, the event rates observed 
in this KHC were no less than those in Western cohorts 
[18]. A previous report from the Asia Pacific Cohort Studies 
Collaboration compared cardiovascular complications asso-
ciated with hypertension between Asian populations and 
Caucasians living in Asia [19]. In particular, the burden of 
stroke is higher than that of ischemic heart disease among 
the morbidity and mortality of CVD in Korea, along with 
other Asian countries [20,21]. Such data is opposite from 
European countries where coronary heart disease occupies 
a higher prevalence than stroke [22,23]. A previous study 
by Park et al. [24] suggested that hypertension showed a 
significant increase in odds ratio in overall cerebrovascular 
disease and its subtypes than other risk factors in the Ko-

rean population. Thus, it can be interpreted that the influ-
ence of hypertension on cardiovascular diseases is bigger 
than Western countries. Second cardiovascular events oc-
curred soon after diagnosis of hypertension. Recently, many 
guidelines and long-term follow-up studies emphasize early 
BP control in high-risk hypertensive patients. The primary 
evidence came from the Valsartan Antihypertensive Long-
Term Use Evaluation (VALUE) trial comparing valsartan- and 
amlodipine-based regimens in high-risk patients [25]. Early 
BP control within 6 months after enrollment was a power-
ful determinant of almost all endpoints. Moreover, immedi-
ate responders defined as those with lowered SBP by ≥ 10 
mmHg at 1month had significant advantages for combined 
cardiac events, stroke, and death. Similar findings were re-
ported in the UK primary care research database [26]. SBP > 
150 mmHg, time to treatment intensification > 1.5 months 
and follow-up interval > 2.7 months were all associated 
with higher event rates. These results suggest that signifi-
cant complications can occur in high-risk groups soon after 
the diagnosis of hypertension. 

Another remarkable finding of this study is that the risk 
of cardiovascular events was significantly higher in patients 
with SBP ≥ 150 mmHg but only a modest increase was 
shown in those with a SBP 140 to 149 mmHg compared 
with those with SBP < 140 mmHg. This finding may conflict 
with the results of intensive BP lowering in SPRINT [27,28]. 
The leading cause of this difference probably stems from the 
measurement methods of BP; the KHC collected the hos-
pital BP data, predominantly measured by clinicians in the 
office during usual care. BP measured during usual care was 
higher than that measured strictly following the guidelines 
by about 12/6 mmHg [29], and this same tendency was also 
observed in this study. In the BP range of 130–139/80–89 
mmHg, the usual clinic and the NHIS-HEALS BP which fol-
lowed the standard method were almost identical. Howev-
er, in the higher BP ranges, the clinic BP tended to be high-
er by 12/8 mmHg [30]. Considering that SBP measured by 
the automated BP measurement method was substantially 
lower than routine office SBP by 5 to 15 mmHg [31], the  
findings of this study were not discordant with those of 
SPRINT, which was similarly observed in a population study 
based on the NHIS-HEALS sample cohort and the UK pri-
mary care research database [26]. Indeed, in the subgroup 
analysis, high-risk or male patients with SBP < 130 mmHg 
showed lower cardiovascular event rates than those with 
SBP in the 130 to 139 mmHg range. 
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Interestingly, lower DBP < 70 mmHg was significantly 
associated with a higher incidence of cardiovascular events 
regardless of SBP, and a DBP of 70–79 mmHg showed a 
modestly higher incidence of cardiovascular events than 
higher DBP. Especially if the patients’ SBP values were in 
the hypertensive range (≥ 140 mmHg), those with DBP < 70  
mmHg showed remarkably high cardiovascular event rates. 
Because SBP and DBP are not independent values in each 
person, the decision to reduce BP further if SBP is in the 
140 to 149 mmHg range but DBP is in the 70 to 79 mmHg 
range remains challenging. The findings of this study sug-
gested that further reduction might not be beneficial in 
older, high-risk, and male patients if DBP decreased below  
70 mmHg [32]. Similar patterns were observed in the ON-
going Telmisartan Alone and in combination with Rami-
pril Global Endpoint Trial (ONTARGET) and Telmisartan 
Randomized AssessmeNt Study in ACE iNtolerant subjects 
with cardiovascular Disease (TRANSCEND) trials with an in-
creased risk for myocardial infarction and hospital admission 
for heart failure [33]. A recent analysis from the ALLHAT 
study similarly reported the same results in coronary events, 
although there was no J-curve between stroke risk and SBP 
or DBP [8]. Of course, there is still a debate as to whether 
the J-curve is the result of reverse causation or unobserved 
residual confounding [34]. However, it may be true that hy-
pertensive patients with low DBP have a higher risk. The 
main mechanism is coronary perfusion occurring during di-
astole, thus impaired with low DBP [35]. Nevertheless, if DBP 
remained in the 70 to 79 mmHg range, those subgroups 
also showed the benefit of further SBP lowering. Notably, a 
more prominent observer error in the lower BP ranges is pos-
sibly related to interpreting the Korotkoff sounds [36,37]. 
Therefore, in isolated systolic hypertension, clinicians should 
accurately measure DBP for optimal management. We think 
that the results of this study more accurately reflect every-
day clinical situations than those of SPRINT. Therefore, if BP 
was not measured strictly following the correct method, 
intensive BP lowering might cause adverse effects due to 
over-treatment, which is frequently observed when apply-
ing evidence from clinical trials to real-world clinical settings 
without meticulous patient monitoring [38]. Although a re-
cent meta-analysis again confirmed the key role of BP low-
ering in cardiovascular prevention irrespective of baseline 
BP, we do not agree with the suggestion that the need for 
and the burden of exact BP measurement is reduced [6]. 
We believe that precise BP measurement especially DBP in a 

clinic situation, facing high patient burden in a limited time, 
is important for maximizing the benefits of lowering BP. 

Limitations
First, the KHC is not a clinical trial but a patient cohort 
that used linked patients’ hospital data and NHIS-HEALS 
data. Therefore, patient assessments, management, and 
follow-up regimens were not standardized and varied be-
tween the included institutions. Notably, the BP measure-
ment methods were not standardized but followed the val-
ues from each hospital. Moreover, although we performed 
the multivariate analysis to minimize the confounding 
factors, we cannot rule out the possibility that errors from 
non-random allocations may affect the analysis results, such 
as those regarding the optimal visit intervals. Second, we 
only registered patients from six national university hospi-
tals, which are therefore tertiary clinics, because the current 
Korean Personal Information Protection Act permits only 
data linking national hospitals and NHIS-HEALS data.

Moreover, moderate to high-risk hypertensive patients 
were targeted for enrollment to obtain sufficient outcome 
data for a limited follow-up period; however, we planned 
to follow the patients for 10 years to the best of our ability. 
Therefore, the KHC did not represent the general Korean 
population with hypertension. As a results, the cardiovas-
cular events rate observed in this cohort might be higher 
than the actual event rates in general hypertensive patients 
in Korea. However, the event rate was separately presented 
according to the patient’s cardiovascular risk level, which 
might be equally applicable to community clinics. Further-
more, most enrolled hypertensive patients were gradually 
referred back from the tertiary hospital to community clinics 
during follow-up. Therefore, the treatment results may be 
more affected by the patient’s intrinsic risk rather than dif-
ferences in treatment patterns in tertiary hospitals, if pres-
ent. 

Conclusion and perspectives
The KHC study provides important information on the long-
term outcomes according to the patients’ BP and cardio-
vascular risk. Our study shows that the cardiovascular event 
rates among Korean hypertensive patients were substantial, 
reaching 15% in 10 years of follow-up. Although clinic BP 
measurement in the real-world showed remarkable inaccu-
racy compared with those measured in the national health 
examinations, higher SBP ≥ 150 mmHg presented signifi-
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cantly higher cardiovascular events. Several ancillary stud-
ies using the KHC are now underway, which will ultimately 
help establish HT management strategies reflecting Asian 
ethnic characteristics. 

KEY MESSAGE
1. Cardiovascular event rates among Korean hyper-

tensive patients were substantial, reaching 15% in 
10 years. 

2. Even the low-risk population with hypertension 
showed a higher cardiovascular event rate than the 
population without hypertension.

3. Systolic blood pressure levels over 150 mmHg were 
highly associated with occurrence of cardiovascular 
event rates. 
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Supplementary Table 1. Baseline cardiovascular risk among 

hypertensive patients

Variable No. (%)

High-risk 3,839 (34.8)

History of cardiovascular disease 1,894 (17.2)

Chronic kidney disease 1,550 (14.0)

Diabetes mellitus 1,295 (11.7)

Moderate risk 1,823 (16.5)

Left ventricular hypertrophy 1,551 (14.0)

Vascular stiffness on pulse wave velocity 582 (5.3)

Metabolic syndromea 1,987 (18.0)

Low-risk 5,381 (48.7)
aIf patients with metabolic syndrome have additional risk fac-
tors of high-risk group, they were allocated in high-risk group. 
That is why the number of metabolic syndromes is more than 
that of moderate risk group. 
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Supplementary Table 2. Cumulative incidence of CV events in hypertensive group and non-hypertensive group: incidence 

rate (in 10 years) of CV events in hypertensive group and non-hypertensive group.

Group
Incidence

p value
No. of event Person year Incidence rate (95% CI)

Major CV events or death < 0.001

Hypertensive 2,178 35,968,235.4 0.61 (0.58–0.63)

Non-hypertensive 12,444 383,126,567 0.32 (0.32–0.33)

Major CV events < 0.001

Hypertensive 1,591 36,751,576.4 0.55 (0.53–0.57)

Non-hypertensive 7,635 387,560,482 0.2 (0.2–0.2)

Death < 0.001

Hypertensive 588 35,968,235.4 0.16 (0.15–0.17)

Non-hypertensive 4,826 383,126,567 0.13 (0.12–0.13)

CV, cardiovascular; CI, confidential interval.
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Supplementary Table 3. Cumulative incidence of CV events in hypertensive group and non-hypertensive group: relative 

risks of CV events in hypertensive group and non-hypertensive group over time

Group
Relative risk (from the baseline) (95% CI)

6 months 1 year 2 years 3 years 5 years 10 years

Major CV events or death 6.0 
(4.6–7.8)

5.6 
(4.8–6.5)

4.3 
(3.9–4.7)

3.4 
(3.2–3.7)

2.8 
(2.6–2.9)

1.9 
(1.8–1.9)

Major CV events 6.1 
(4.6–7.9)

5.7 
(4.9–6.7)

4.5 
(4.0–5.0)

3.6 
(3.3–3.9)

2.9 
(2.7–3.1)

2.2 
(2.0–2.3)

Death 5.8 
(3.1–10.9)

7.7 
(5.2,11.2)

4.8 
(4.8–6.1)

3.9 
(3.3–4.7)

2.9 
(2.6–3.3)

1.6 
(1.5–1.7)

CV, cardiovascular; CI, confidential interval.
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Supplementary Table 4. Relative risks of cardiovascular events in hypertensive group compared with non-hypertensive 

group over time. 

Group
Relative risk (from the baseline) (95% CI)

6 months 1 year 2 years 3 years 5 years 10 years

Heart failure 7.2 
(4.2–12.3)

7.6 
(5.6–10.2)

6.1 
(5.1–7.5)

5.3 
(4.5–6.2)

4.4 
(3.9–5.0)

3.3 
(3.0–3.6)

Myocardial infarction 28.3 
(14.7–54.7)

27.7 
(19.2–39.9)

19.9 
(15.4–25.7)

12.2 
(9.8–15.1)

7.3 
(6.1–8.7)

3.7 
(3.2–4.3)

PAD 1.9 
(1.1–3.2)

1.5 
(1.0–2.0)

1.4 
(1.1–1.8)

1.3 
(1.1–1.5)

1.2 
(1.0–1.4)

1.0 
(0.9–1.1)

Hemorrhagic stroke 2.2 
(0.5–10.3)

1.9 
(0.8–4.5)

1.7 
(0.9–3.1)

1.7 
(1.1–2.6)

1.5 
(1.1–2.1)

1.5 
(1.2–1.8)

Ischemic stroke 23.3 
(6.0–90.2)

19.0 
(8.8–40.8)

17.3 
(10.2–29.2)

9.8 
(6.3–15.1)

5.5 
(3.7–7.9)

3.2 
(2.3–4.4)

ESRD - 60.0 
(13.4–268.0)

43.3 
(17.8–105.2)

35.5 
(18.2–69.2)

33.2 
(20.6–53.4)

17.0 
(12.7–22.8)

CI, confidential interval; PAD, peripheral artery disease; ESRD, end stage renal disease. 
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Supplementary Table 5. Two-year CV events according to the baseline cardiovascular risk

Event

Hypertension
Non-hypertension  

(n = 110,417)All
(n = 11,043)

Low CV risk 
(n = 5,381)

Moderate CV 
risk (n = 1,823)

High CV risk  
(n = 3,839)

Any CV events 503 (4.6) 150 (2.8) 85 (4.7) 268 (7.0) 1,120 (1.0)

Heart failure 161 (1.5) 57 (1.1) 39 (2.1) 65 (1.7) 262 (0.2)

Myocardial infarction 171 (1.5) 34 (0.6) 26 (1.4) 111 (2.9) 86 (0.1)

Peripheral arterial disease 95 (0.9) 40 (0.7) 11 (0.6) 44 (1.1) 669 (0.6)

Ischemic stroke 38 (0.3) 10 (0.2) 7 (0.4) 21 (0.5) 22 (0.02)

Hemorrhagic stroke 13 (0.1) 5 (0.1) 2 (0.1) 6 (0.2) 75 (0.06)

End stage renal disease 26 (0.2) 4 (0.1) 0 22 (0.6) 6 (0.01)

Death 11 (0.1) 5 (0.09) 1 (0.05) 5 (0.13) 83(0.1)

Values are presented as number (%).
CV, cardiovascular.
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Supplementary Table 6. Five-year CV events according to the baseline cardiovascular risk

Event

Hypertension
Non-hypertension 

(n = 110,417)All
(n = 11,043)

Low CV risk 
(n = 5,381)

Moderate CV 
risk (n = 1,823)

High CV risk 
(n = 3,839)

Any CV events 966 (8.7) 339 (6.3) 164 (9.0) 463 (12.1) 3,364 (3.0)

Heart failure 391 (3.5) 172 (3.2) 79 (4.3) 140 (3.6) 885 (0.8)

Myocardial infarction 202 (1.8) 44 (0.8) 30 (1.6) 128 (3.3) 278 (0.3)

Peripheral arterial disease 219 (2.0) 89 (1.7) 42 (2.3) 88 (2.3) 1,832 (1.7)

Ischemic stroke 42 (0.4) 12 (0.2) 7 (0.4) 23 (0.6) 77 (0.1)

Hemorrhagic stroke 40 (0.4) 15 (0.3) 5 (0.3) 20 (0.5) 270 (0.2)

End stage renal disease 73 (0.7) 7 (0.1) 1 (0.1) 65 (1.7) 22 (0.02)

Death 174 (1.6) 58 (1.1) 21 (1.2) 95 (2.5) 777 (0.7)

Values are presented as number (%).
CV, cardiovascular.
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Supplementary Figure 1. Blood pressure changes according to age, sex, and baseline cardiovascular (CV) risks. (A) Blood pressure 
changes in total population. (B) Blood pressure changes according to sex. (C) Blood pressure changes according to age groups. (D) Blood 
pressure changes according to baseline cardiovascular risks. SBP, systolic blood pressure; DBP, diastolic blood pressure. 
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Supplementary Figure 2. Blood pressure changes during follow-up. (A) Systolic blood pressure (SBP). (B) Diastolic blood pressure (DBP).
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Supplementary Figure 3. Blood pressure (BP) differences between clinic BPs and health examination BPs. (A) Differences between clinic 
systolic blood pressures (SBPs) and health examination SBPs. (B) SBP differences between clinic BPs and health examination BPs. (C) Dif-
ferences between clinic diastolic blood pressures (DBPs) and health examination DBPs. (D) DBP differences between clinic BPs and health 
examination BPs.
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Supplementary Figure 4. Cumulative incidence of cardiovascular events in hypertensive group according to pulse pressure (PP) quintiles. 
(A) Major cardiovascular events or death. (B) Major cardiovascular events. (C) Death.
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