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INTRODUCTION

Hypertension (HT) is a major healthcare problem with 
a permanently elevated burden of cardiovascular mor-
bidity/mortality worldwide [1]. HT is the risk factor that 
contributes the most to cardiovascular disease and the 
cardiovascular disease risk even begins to rise from the 
current HT threshold of ≥ 140/90 mmHg [2,3]. In a large-
scale pooled cohort study of an Asian population, HT 
was an important risk factor for stroke and ischemic 
heart disease [4]. Notably, stroke prevention by blood 
pressure (BP) control was more effective in the Asian 
than the Caucasian population, since there was a great-
er reduction in the risk of stroke in the Asian popula-
tion when compared to the Caucasian population upon 
lowering the systolic blood pressure (SBP) by 10 mmHg 
[5,6]. After the huge success of intensive BP control in 
the Systolic Blood Pressure Intervention Trial (SPRINT), 
HT guidelines emphasize strict BP control for maximal 
cardiovascular disease prevention [7,8]. However, the 
effect of intensive BP control in Asian patients has not 
been proven. 

Although guidelines for HT management and control 

are based on evidence derived from large, randomized, 
controlled clinical trials, HT outcome studies are often 
limited due to the need for long-term follow-up and the 
large number of patients required to obtain meaningful 
results. Very few countries have the adequate healthcare 
resources needed to conduct these large-scale, long-
term studies for common, chronic diseases such as 
HT and dyslipidemia. As a result, most countries have 
derived their cardiovascular risk estimation strategies 
from the Framingham study in the United States. How-
ever, the differences in ethnicity and health resources 
have become a considerable problem. Indeed, the Fram-
ingham risk scoring system and newer pooled cohort 
risk equations have been reported to overestimate the 
cardiovascular risk in the Asian population [9,10]. Re-
garding the differences in the medical resources, the 
development of new medications, which have enhanced 
risk factor control, resulted in overestimations when us-
ing the traditional cardiovascular risk prediction model 
based on historical data in this population [11]. There-
fore, it is necessary to develop a risk calculation model 
based on the epidemiological data, which will reflect the 
effectiveness of strategies for preventing cardiovascular 
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diseases, as well as the general medical environment, for 
the population and not limited environments such as 
those in health examinations.

Therefore, we designed the Korean Hypertension Co-
hort (KHC) study to integrate the detailed clinical and 
long-term follow-up data from six national university 
hospitals and the National Health Insurance System 
(NHIS), respectively. Here, we reported on the design 
and baseline characteristics of the cohort. The prima-
ry objective of this study was to evaluate the long-term 
impact of intensive BP control that maintained an SBP/
diastolic blood pressure (DBP) < 135/85 mmHg and com-
pared the findings with the modest control group (SBP, 
140 to 149 mmHg). We compared the incidences of car-
diovascular events, diabetes mellitus, chronic kidney 
disease, and death according to the SBP/DBP ranges. We 
also evaluated various topics that offered evidence for 
future BP guidelines. The ancillary sub-studies includ-
ed assessments of the diagnostic implication of left ven-
tricular hypertrophy diagnosed on electrocardiogram 
(ECG) and echocardiography, vascular stiffness assay 
and ambulatory BP monitoring. The impact of antihy-
pertensive medications including various antihyperten-
sive drug classes, initial combination therapy strategy, 
and single-pill combinations was evaluated.

METHODS

Design of the KHC
The KHC integrated the detailed clinical and the long-
term follow-up data from six national university hospi-
tals and the NHIS claims database, respectively. We col-
lected the data of hypertensive patients who were new 
to each hospital and were mainly diagnosed with HT 
between 2006 and 2011 (median registration year 2009). 
The model for the KHC is summarized in Fig. 1.

Patient enrollment
The eligibility criteria for this study were as follows. (1) 
Regular follow-up at least four times in a minimum of 2 
years and treatment with antihypertensive medications. 
(2) Cardiovascular risk that was estimated by checking 
laboratory values, presence/absence of clinical cardio-
vascular disease, and/or subclinical organ damage. 

A large portion of patients enrolled in this time period 

may currently be unavailable for follow-up as they were 
either moved to other hospitals or died. If we only in-
cluded the patients who gave their consent in this study, 
this would have caused bias. The KHC was mainly an 
observational study, which had minimal risk of breech-
es in patient privacy. In addition, this study complied 
with the exception provision of Article 6, Paragraph 2 of 
the Cardiovascular Disease Prevention Management Act 
and the National Evidence-based Healthcare Collabo-
rating Agency (NECA) Research Regulations. As a result, 
the study protocols were reviewed and approved by the 
Institutional Review Boards of each participating hos-
pital including the coordinating center (Seoul National 
University Hospital, H-1810-056-977), and the need to 
obtain informed consent from the patients was waived 
prior to any patient enrollment. 

Exclusion criteria included an age younger than 30 
years old, severe kidney diseases/end stage renal disor-
ders at the time of the first visit, treatment with antihy-
pertensive medication for cardiovascular diseases other 
than HT as a main diagnosis (e.g., using beta-blockers 
after myocardial infarction, or alpha blockers for pros-

Figure 1. The model of the Korean Hypertension Cohort. 
EMR, electronic medical records; NHIS, National Health 
Insurance Service; ECG, electrocardiogram; ABPM, ambu-
latory blood pressure monitoring. 
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tatic hyperplasia, etc.) and secondary HT.
The enrollment algorithm is shown in Fig. 2. The de-

tailed clinical data were collected from the electronic 
medical records of each hospital. In particular, we col-
lected the detailed clinical data on HT, including the re-
peated BP and heart rate measurements; demographic, 
clinical, and biochemical data; ECG and other special 
laboratory data such as echocardiography; ambulatory 
BP monitoring or vascular stiffness assays. The data ac-
quisition schedule for the repeated measurement values 
is summarized in Table 1. In particular, BP and heart 
rate measurement data were collected > 5 times during 
the 2-year follow-up period. In addition, biochemical 
data were collected at baseline and during the follow-up 
period. 

Moreover, a non-hypertensive control population 
with a 1:10 ratio (100,000) from the NHIS sample cohort 
was determined with propensity score matching. The 
matched variables were sex, birth year, and month (quar-
ter in months). HT was excluded by filtering the main 
and additional disease codes. Among the NHIS sample 
cohort, the control population was selected according to 
the patients who underwent the national health exam-
ination more than twice in order to sufficiently compare 
cardiovascular risk factors.

Patients’ follow-up schedule
The data of the patients who were enrolled from each 
hospital were linked with the NHIS data bridged by 
unique personal identifiers (social security number). 
The NHIS data comprised the claim and national health 
screening data, and the linkage process was endorsed by 
the Health and Medical Technology Promotion Act 26. 
To maintain privacy, patients’ identification data were 
imported to the NECA as an encrypted file. The stor-
age and analysis of the collected data were conducted in 
security archives with limited access. Since the patient 
data of each medical institution were linked to the sec-
ondary data source under the security of NHIS officials 
in accordance with the submitted linking conditions, 
the researchers could not identify each patient after 
the linkage was completed. The entire analysis process 
of the linked data sources was conducted in the NHIS 
data analysis office. External exportation of the data and 
additional extraction of personal information were not 
permitted.

Definition of cardiovascular diseases and risk fac-
tors confirmed through medical record reviews
HT was defined as an SBP/DBP ≥ 140/90 mmHg with-
out antihypertensive treatment or an SBP/DBP ≥ 130/80 

Figure 2. The algorithm for the Korean Hypertension Cohort. NHIS, National Health Insurance Service.
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mmHg with antihypertensive treatment. Clinical car-
diovascular diseases, subclinical organ damage and car-
diovascular risk factors were defined according to the 
2018 Korean Society of Hypertension Guidelines for the 
Management of Hypertension [12]. The definitions are 
summarized in Supplementary Table 1. The high car-
diovascular risk group was defined as patients who had 
clinical cardiovascular disease, chronic kidney disease, 
and/or diabetes mellitus. The moderate cardiovascular 
risk group was defined as patients who had increased 
vascular stiffness, left ventricular hypertrophy, and/or 
metabolic syndrome excluding diabetes mellitus. In-
creased vascular stiffness was defined as the presence of 
atherosclerotic plaques, an increased pulse wave veloc-
ity, or decreased ankle-brachial index. The low cardio-
vascular 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 
cardiovascular diseases are summarized in Supplemen-
tary Table 2.

Sample size calculation 
The sample size was calculated based on the 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]. Consid-
ering that the lowest mortality rate may be observed 
in patients with an SBP and DBP below 135/85 mmHg, 
five intervention groups were defined according to the 
BP ranges (SBP and DBP): < 135/85, < 135/80, < 120/85, 
< 120/80, < 115/80, or < 115/75 mmHg. In comparison, 
the conventional group was mainly defined as those 
with an SBP of 140 to 149 mmHg. We also compared 
the long-term cardiovascular outcomes according to 
an SBP and DBP above 150 and 90 mmHg, respectively. 
The SPRINT reported a significantly lower rate of the 
primary composite outcome with a hazard ratio of 0.75 
(1.65% per year vs. 2.19% per year). Another reference was 
Heart Outcomes Prevention Evaluation-3 (HOPE-3) tri-
al, which enrolled intermediate risk patients but main-
tained a longer follow-up duration of 5.6 years (median) 

Table 1. Data acquisition schedule for the repeated measurement values

Screen Baseline 6 mo 1 yr 1.5 yr 2 yr
3 yr–last 

hospital data
NHIS-health 

examination data

Demographic data • •

Bodyweight/height • • • • • •

Blood pressure/Heart rate

Hypertension history • • • • • •

Past medical history • • • • • •

Family history • • • • • •

Smoking/alcohol history • • • • • •

Antihypertensive medication history • • • • • •

Other medication history • • • • •

Inclusion/exclusion criteria •

Outcome • • • •

ABPM (if any) • • • • • •

ECG • • •

Special labs (echocardiography,  
vascular stiffness, etc.)

• • • • • •

CBC • • • • •

Creatinine • • • • •

Lipid panel • • • • •

Fasting glucose • • • • •

NHIS, National Health Insurance Service; ABPM, ambulatory blood pressure monitoring; ECG, electrocardiogram; CBC, com-
mon blood cell.
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[14]. Although the primary endpoint was not statistically 
significant, the trial showed a significant risk reduction 
of approximately 30% in hypertensive subgroups with a 
baseline SBP over 143.5 mmHg. 

We assumed the proportions of cardiovascular risks 
for the eligible patients were 50%, 30%, and 20% in the 
high, moderate, and low risk groups, because the six 
national university hospitals were the referral hospitals 
for each region. The 10-year cardiovascular risks were 
estimated as 15%, 10%, and 5%, respectively [12], which 
corresponded to the rates of 15% to 20%, 5% to 15%, and 
< 5%, respectively, in the European guideline [15]. We ex-
pected about 1,700 cardiovascular events including 840 
cardiovascular deaths during the 10-year follow-up pe-
riod. We assumed a 40% risk reduction in patients with 
an SBP and DBP below 135/85 mmHg compared with the 
modest controlled group in whom the SBP ranged from 
140 to 149 mmHg. 

 The KHC study had a planned sample size of approx-
imately 11,000 hypertensive patients from six hospitals. 
There results of a total of 10,000 patients in the cohort 
were confirmed with an 85% statistical power, 5% alpha 
error, at least 15% 10-year incident rate, hazard ratio of 
0.65, standard deviation of 0.2 for the main explanatory 
variable, and minimum correlation coefficient between 
the main explanatory variable and other disturbances 
(R2) of 0.25 [16,17]. 

Statistical analysis
For the cardiovascular outcome evaluation, we used 
the log rank test for univariate analysis between the 
groups and a Cox proportional risk model for compar-
ison between the groups that only corrected for the age 
variables, the most important determinant of event oc-
currence. Hazard ratios and their corresponding 95% 
confidence intervals calculated from Cox proportional 
hazard analyses for the risk of the primary outcome in 
the intervention group compared to the comparison 
group were presented. A Kaplan-Meier survival curve 
was used for the survival curve analysis of the compari-
son group versus the intervention group. If the change 
over time was a variable that could be evaluated, the 
analysis was performed using the generalized estimat-
ing equation or mixed modeling for repeated measures. 
Hazard ratio calculations for the risk of occurrence in 
the intervention group compared to the comparison 

group were performed by considering other models, 
such as the Poisson model, in case there were violations 
of the proportional risk assumption.

We performed a cluster analysis to determine the pa-
tients' responsiveness based on their phenotypic charac-
teristics [18]. After this cluster analysis, phenomapping 
was performed to evaluate the individual responsive-
ness of the HT. 

RESULTS

Baseline characteristics of the cohort 
This study enrolled a cohort of 11,083 patients with HT. 
The mean age was 58.7 ± 11.5 years, 50.5% of the patients 
were male, and 31.4% were never previously treated for 
HT. A total of 36.2% and 39.1% of the patients belonged 
to the high and moderate cardiovascular risk groups, 
respectively. The initial BP was 149.4 ± 18.5/88.5 ± 12.5 
mmHg. The full baseline characteristics of the patient 
cohort are presented in Tables 2 and 3. 

Two-year follow-up of the hospital data
During the 2 years of the hospital data follow-up, BPs 
lowered to 130.8 ± 14.1/78.0 ± 9.7 mmHg with 1.9 ± 1.0 tab-
let doses of the antihypertensive medication (Table 4). 
Cardiovascular events occurred in 7.5% of the patients, 
8.5%, 8.8%, and 4.7% in the high, moderate, and low risk 
patients, respectively (Table 5).

DISCUSSION 

Real world evidence, especially that utilizing big pub-
lic health data, has potential benefits, such as allowing 
for long-term follow-up of a large number of patients 
[19,20]. Korea has a single, government maintained 
NHIS [21,22]. The universal NHIS provides free bienni-
al health examinations to eligible NHIS members aged 
≥ 40 years. The data consists of the qualification data, 
and medical services and pharmacy claims data [23]. The 
Korean NHIS is capable of big data analysis because it 
is a unified insurance system that covers > 90% of the 
Korean population. Therefore, nearly the entire popu-
lation’s medical resource use can be checked using the 
claim data. Moreover, Korean doctors have relatively 
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discretionary authority in terms of medical decisions 
and treatment. Therefore, the NHIS data allows for the 
comparison of the effect of various diagnostic modali-
ties and treatment strategies. In most cases, one of the 
advantages of the NHIS claims data is the ability to per-
form long-term follow-up of a large number of patients 
over their lifetime. However, in the health claims data-
base there is a lack of detailed clinical data, especially BP 
values, which may include critical issues in chronic dis-
ease results that require repetitive measurement of the 
clinical factors. Even though the NHIS-Health Screen-
ing Cohort is based on information obtained through 
national health screening programs that are repeated 
every 2 years, clinical data acquisition remains limited. 

Contrastingly, hospital data based on the electronic 
medical records have detailed information that allows 
for deep phenotyping [24]. In addition to the patients’ 
basic clinical characteristics, the hospital data offers re-
petitive values of key parameters such as the BP, heart 
rate, blood chemistry over time, and special laboratory 
data including ECGs, echocardiography, ambulatory 
BP monitoring, and arterial stiffness measurements. 
However, the hospital data are limited to each hospital. 
Therefore, if patients are treated at multiple hospitals, 
the overall effects and consequences of the medical use 
across hospitals cannot be evaluated. Furthermore, gen-
erally, a large proportion of patients are lost to follow-up 
as they do not return to the facility or they move to other 
medical caregivers [25].

The disadvantages of big healthcare and hospital 
data should be addressed and could be minimized by 
connecting two data sets. This strategy is especially im-
portant for common, chronic diseases such as HT and 
dyslipidemia. The biggest risk factors for cardiovascular 
disease are HT, hyperglycemia (diabetes mellitus), and 
hyperlipidemia. It is common knowledge that these risk 
factors are of great value in the prediction of actual clini-
cal events when analyzing multiple factors concurrently 
rather than each factor separately. This limits the study 
of big healthcare data based on disease claim codes, 
which a limited in terms of the time sequences and se-
verity of each disease. In particular, repeated measure-
ments of indicators such as BP values and blood test re-
sults are more valuable than a single measurement [26]. 
Cardiovascular disease research also requires long-term 
observations. The estimated cardiovascular event rate 

Table 2. Baseline demographic and clinical characteristics 

Characteristic Total (n = 11,083)
Age, yr 58.7 ± 11.5

Median (interquartile range) 59 (51.0–67.0)
Male sex, % 50.5
Height, cm 161.7 ± 9.0
Weight, kg 67.0 ± 12.0
Body mass index, kg/m2 25.5 ± 3.5
SBP, mmHg 149.4 ± 18.5
DBP, mmHg 88.5 ± 12.5
Pulse rate, beat/min 71.7 ± 13.6
Previous hypertension treatment, %

Never 31.4
Ever 59.6
Unknown 9.0

Hypertension family history, %
Yes 16.4
No 53.8
Unknown 29.8

Smoking history, %
Current smoker 6.9
Previous smoking 5.6
None 58.6
Unknown 28.9

Previous cardiovascular disease history 
Any 1,595 (14.4)
Myocardial infarction 933 (58.5)
Aortic dissection 97 (6.1)
Retinal artery occlusion 43 (2.7)
Heart failure 68 (4.3)
Other cardiovascular disease 493 (30.9)
Stroke/TIA 506 (4.6)
Diabetes mellitus 1,267 (11.4)
Metabolic syndrome (including DM) 4,166 (37.6)

Cardiovascular risk 
High cardiovascular risk 3,645 (32.9)

History of cardiovascular disease 1,595 (43.8)
Chronic kidney disease 1,556 (42.7)
DM 1,267 (34.8)

Moderate cardiovascular risk 4,179 (37.7)
Left ventricular hypertrophy (+) 2,925 (70.0)
Vascular stiffness (+) 33 (0.8)
Metabolic syndrome (Excluding DM) 2,083 (49.8)

Low cardiovascular risk 3,259 (29.4)

Values are presented as mean ± standard deviation or num-
ber (%).
SBP, systolic blood pressure; DBP, diastolic blood pressure; 
TIA, transient ischemic attack; DM, diabetes mellitus.
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in moderate or even high risk hypertensive patients is 
only about 1% to 2% per year [12]. This means that long-
term follow-up for at least 5 to 10 years is necessary to 
establish meaningful results. Traditionally, several co-
hort studies were carried out for the analysis of chronic 
diseases, such as HT, dyslipidemia, and diabetes melli-
tus, which demanded a significant amount of national 

Table 3. Baseline laboratory findings 

Examination Value
Blood chemistry (n = 9,718)

Uric acid, mg/dL 5.54 ± 1.56
BUN, mg/dL 15.78 ± 5.35
Creatinine, mg/dL 0.99 ± 0.43
Estimated GFR, mL/min/1.73 m2 76.84 ± 18.02
Sodium, mEq/L 140.98 ± 2.47
Potassium, mEq/L 4.27 ± 0.41
Chloride, mEq/L 103.83 ± 3.17

Blood cholesterol levels (n = 8,914)
Total cholesterol, mg/dL 192.00 ± 40.09
Triglyceride, mg/dL 151.96 ± 98.24
HDL cholesterol, mg/dL 51.85 ± 13.50
LDL cholesterol, mg/dL 113.30 ± 34.84
Calculated LDL (total cholesterol – 
HDL – TG / 5), mg/dL  

110.7 ± 37.12

Urinalysis (n = 7,755)
Blood (more than trace) 12.1
Albuminuria

± 10.14
+ 5.52
++ 2.66
+++ 1.38

Plasma renin activity, ng/mL/hr (n = 832) 4.22 ± 8.80
Plasma aldosterone level,  
 mg/dL (n = 826)

124.89 ± 100.31

Electrocardiogram (n = 7,925) 
Heart rate, beat/min 70.94 ± 13.51
Atrial flutter/fibrillation 3.46
Left ventricular hypertrophy 19.58

Ambulatory blood pressure monitoring 
(n = 1,425)

24-hour mean SBP, mmHg 136.12 ± 15.88
24-hour mean DBP, mmHg 88.61 ± 11.35
Daytime mean SBP, mmHg 133.90 ± 15.84
Daytime mean DBP, mmHg 86.81 ± 12.38
Nighttime mean SBP, mmHg 122.63 ± 16.23
Nighttime mean DBP, mmHg 78.23 ± 11.75

Blood pressure type
Dipper 23.5
Non-dipper 74.05
Reverse dipper 2.45

Echocardiography (n = 5,627)
Left ventricular end-diastolic dimen-
sion, mm

50.44 ± 11.76

Left ventricular end-systolic dimen-
sion, mm

29.78 ± 6.43

Ejection fraction, % 62.48 ± 7.66

Examination Value
Left atrial diameter, mm 36.70 ± 9.70

Left ventricular hypertrophy 31.4

Values are presented as mean ± standard deviation or per-
centage.
BUN, blood urea nitrogen; GFR, glomerular filtration rate; 
HDL, high density lipoprotein; LDL, low density lipopro-
tein; TG, triglycerides; SBP, systolic blood pressure; SD, 
standard deviation; DBP, diastolic blood pressure.

Table 4. Prescribed medication at the end of the 2 years 
hospital follow-up period 

Antihypertensive classes Value

Thiazide/thiazide-like diuretic 3,320 (30.0)

Calcium channel blocker 6,878 (62.1)

ACE inhibitor 574 (5.2)

Angiotensin receptor blocker 7,156 (64.6)

Beta-blocker 3,184 (28.7)

Aldosterone antagonist 263 (2.4)

Alpha-blocker 169 (1.5)

Average number of pills 1.9 ± 1.0

Single-pill combination 
 (among combination)

4,044 (36.5)

ACEi/ARB with CCB 1,988 (17.9)

ARB with diuretic 2,047 (18.5)

ARB-CCB-diuretic 9 (0.1)

Statins 4,920 (44.4)

Aspirin 4,006 (36.1)

Anti-diabetic medication 1,459 (13.2)

Others 294 (2.7)

Values are presented as number (%) or mean ± standard de-
viation. 
ACE, angiotensin converting enzyme; ACEi , ACE inhibitor; 
ARB, angiotensin receptor blocker; CCB, calcium channel 
blocker.

Table 3. Continued
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medical expenses. However, even in the case of excellent 
cohort studies, it is not easy to maintain a long-term 
follow-up rate of more than 85%. Long-term follow-up 
is more difficult in an environment like Korea, where 
patients can move between various hospitals. The like-
lihood of event occurrence is higher in patients who 
dropout after follow-up than those who do not; thus, 
maximizing follow-up is an important factor in correct 
risk prediction. 

The limitations of the study are as follows. First, the 
KHC is not a clinical trial but a patient cohort that 
linked patients’ hospital and NHIS data from 2006 to 
2011 and 2003 to 2018, respectively. Therefore, patient 
assessments, management, and follow-up regimens 
were not standardized and they varied between the in-
stitutions. Importantly, the BP measurement methods 
were not standardized to a single method but followed 
the values from each hospital. Second, we only regis-
tered the patients in six national university hospitals for 
hospital and NHIS data linking without violating the 
Personal Information Protection Act. Moreover, mod-
erate to high risk hypertensive patients were targeted 
for enrollment to ensure that the study was able to meet 
the stipulated sample size. Therefore, this KHC was 
not selected based on statistical measures according to 
population dynamics and may not represent the general 
population of hypertensive patients in Korea. 

 The KHC study was endorsed by the Korean Society 
of Hypertension (KSH). We plan to make this database 
available under the auspices of the KSH, NECA, and 
NHIS. Therefore, we hope to perform many ancillary 
studies in future using this cohort. 

In conclusion, the KHC study is a large scaled, mul-
ticenter study in Korea that will provide important real 
world data on the long-term outcomes of hypertensive 
patients according to the BP, comorbid diseases, med-
ication, and adherence, as well as the health behaviors 
and health resource use. By the end of 2020, we will 
complete the follow-up by linking the patients’ data in 
each hospital with the NHIS data and start the main 
analysis. Finally, we hope to establish a cardiovascular 
risk score for Korean hypertensive patients that may be 
applicable to other Asian ethnic populations.

Table 5. Cardiovascular events during the 2 years hospital follow-up period 

Events All (n = 11,083) Low CV risk (n = 3,259) Moderate CV risk (n = 4,179) High CV risk (n = 3,645)

Any 832 (7.5) 154 (4.7) 368 (8.8) 310 (8.5)

Death 2 (< 0.1) - 1 (< 0.1) 1 (< 0.1)

MI 146 (1.3) 16 (0.4) 63 (1.5) 67 (1.8)

HF 18 (0.2) 1 (< 0 .1) 4 (0.1) 13 (0.4)

Stroke/TIA 33 (0.3) 6 (0.2) 14 (0.3) 13 (0.4)

CKD 357 (3.2) 77 (2.4) 144 (3.4) 136 (3.7)
DM 311 (2.8) 61 (1.9) 159 (3.8) 91 (2.5)

Values are presented as number (%). 
CV, cardiovascular; MI, myocardial infarction; HF, heart failure; TIA, transient ischemic attack; CKD, chronic kidney disease; 
DM, diabetes mellitus.

KEY MESSAGE

1. The Korean Hypertension Cohort (KHC) study 
aimed to develop a model for calculating car-
diovascular risk in hypertension (HT) patients 
by linking and utilizing information between 
the detailed clinical and longitudinal data 
from hospitals and the national health insur-
ance claim database, respectively. 

2. This cohort had a planned sample size of over 
11,000 HT patients and 100,000 non-hyper-
tensive controls. This cohort enrolled 11,083 
HT patients. 

3. Initial blood pressures were 149.4 ± 18.5/88.5 ± 
12.5 mmHg. During the 2 years hospital data 
follow-up period, blood pressures lowered 
to 130.8 ± 14.1/78.0 ± 9.7 mmHg with 1.9 ± 1.0 
tablet doses of antihypertensive medication. 
Cardiovascular events occurred in 7.5% of the 
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Supplementary Table 1. Definition of cardiovascular diseases and risk factors

Clinical cardiovascular diseases

• Brain: stroke, transient ischemic attack, vascular dementia

• Heart: angina, myocardial infarction, heart failure requiring hospitalization

•  Kidney: chronic kidney disease (20 ≤ eGFR < 60 mL/min/1.73 m2), severe kidney disease (eGFR < 20 mL/min/1.73 m2), end 
stage renal disorder (dialysis)

• Blood vessels: aortic aneurysm, aortic dissection, peripheral vascular diseases

• Retina: retinal arterial occlusion, retinal venous occlusion

Subclinical organ damage

• Heart: left ventricular hypertrophy

• Kidney: albuminuria, microalbuminuria 

•  Blood vessels: atherosclerotic plaque, carotid-femoral pulse wave velocity >10 m/sec, brachial-ankle pulse wave velocity  
> 18 m/sec, ankle-brachial index < 0.9

• Retina: stage 3 or 4 hypertensive retinopathy

Risk factors for cardiovascular disease

• Age (men ≥ 45 years old, female ≥ 55 years old)a

• Smoking

• Obesity (body mass index ≥ 25 kg/m2) or abdominal obesity (waist circumference men > 90 cm, women > 85 cm)

•  Dyslipidemia (total cholesterol ≥ 220 mg/dL, low-density lipoprotein cholesterol ≥ 150 mg/dL, high-density lipoprotein 
cholesterol < 40 mg/dL, triglycerides ≥ 200 mg/dL)

• Pre-diabetes (impaired fasting glucose [100 ≤ fasting blood glucose < 126 mg/dL] or impaired glucose tolerance)

• Family history of premature cardiovascular disease (men < 55 years, women < 65 years)

•  Diabetes mellitus (fasting blood glucose ≥ 126 mg/dL, postprandial 2-hour glucose [oral glucose tolerance test] ≥ 200 mg/
dL, or hemoglobin A1c ≥ 6.5%)

Adapted from Lee et al. [12]. 
eGFR, estimated glomerular filtration rate.
aAge ≥ 65 regarded as 2 risk factors.
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Supplementary Table 2. Operational definition of cardiovascular diseases

ICD-10-CM code and definition Diagnostic definition
Condition

(hospitalization, outpatient 
clinic condition)

Hypertension I10–I13, I15; and minimum 1 prescription of anti-hyper-
tensive drug (thiazide, loop diuretics, aldosterone antag-
onist, alpha-/beta-blocker, calcium-channel blocker, 
angiotensin-converting enzyme inhibitor, angiotensin 
II receptor blocker).

Admission ≥ 1 or outpatient 
department ≥ 2 

Diabetes mellitus E11–E14; (KCD) and minimum 1 prescription of anti-di-
abetic drugs (sulfonylureas, metformin, meglitinides, 
thiazolidinediones, dipeptidyl peptidase-4 inhibitors, 
α-glucosidase inhibitors and insulin).

Admission ≥ 1 or outpatient 
department ≥ 2

Dyslipidemia E78; and minimum 1 prescription of lipid lowering agent Admission or outpatient de-
partment ≥ 1

Atrial fibrillation I480 (I48.4)–484 (I48.4), I489 (I48.9) Admission or outpatient de-
partment ≥ 1 

Heart failure I50 Admission or outpatient de-
partment ≥ 1

Myocardial infarction I21, I22 Admission or outpatient de-
partment ≥ 1

COPD J41–44 Admission or outpatient de-
partment ≥ 1

ESRD N18; N19; Z49; Z905 (Z90.5); Z94; Z992 (Z99.2) Admission or outpatient de-
partment ≥ 1

Pulmonary embolism I26 Admission ≥ 1

Deep vein thrombosis I802 (I80.2) Admission ≥ 1

Ischemic stroke I63, I64 Admission ≥ 1 

Intracranial hemorrhage I60–62 Admission ≥1 

Peripheral artery disease I70, I73 Admission or outpatient de-
partment ≥ 2

ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical Modification; KCD, Korean standard, classifica-
tion of diseases; COPD, chronic obstructive pulmonary disorder; ESRD, end stage renal disease.
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