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Abstract

Background: The study aimed to estimate the incidence of and period of progression to stage 2 hypertension
from normal blood pressure.

Methods: We selected a total of 21,172 normotensive individuals between 2003 and 2004 from the National Health
Insurance Service-Health Screening and followed them up until 2015. The criteria for blood pressure were based on
the American College of Cardiology/American Heart Association 2017 guideline (normal BP: SBP < 120 and DBP <
80 mmHg, elevated BP: SBP 120-129 and DBP < 80 mmHg, stage 1 hypertension: SBP 130-139 or DBP 80-89
mmHg, stage 2 hypertension: SBP 2140 or DBP = 90 mmHg). We classified the participants into four courses
(Course A: normal BP — elevated BP — stage 1 hypertension— stage 2 hypertension, Course B: normal BP —
elevated BP — stage 2 hypertension, Course C: normal BP — stage 1 hypertension — stage 2 hypertension, Course
D: normal BP — stage 2 hypertension) according to their progression from normal blood pressure to stage 2
hypertension.

Results: During the median 12.23 years of follow-up period, 52.8% (n= 11,168) and 23.6% (n=5004) of the
participants had stage 1 and stage 2 hypertension, respectively. In particular, over 60 years old had a 2.8-fold higher
incidence of stage 2 hypertension than 40-49 years old. After the follow-up period, 77.5% (n=3879) of participants
with stage 2 hypertension were found to be course C (n= 2378) and D (n=1501). After the follow-up period, 77.5%
(n=3879) of participants with stage 2 hypertension were found to be course C (n= 2378) and D (n=1501). The mean
years of progression from normal blood pressure to stage 2 hypertension were 8.7+2.6 years (course A), 6.1£2.9
years (course B), 7.5+2.8 years (course C) and 3.2+2.0 years, respectively.

Conclusions: This study found that the incidence of hypertension is associated with the progression at each stage.
We suggest that the strategies necessary to prevent progression to stage 2 hypertension need to be set differently
for each target course.
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Background

Hypertension contributes to the global burden of disease
[1] and has long been called a silent killer, having no
special symptoms during its progression [2]. Due to its
asymptomatic characteristic, it is difficult to diagnose
and prevent hypertension before its complications occur.

According to the American College of Cardiology/
American Heart Association (ACC/AHA) 2017 guide-
line, the blood pressure target of the criteria for diagno-
sis of hypertension had changed to a systolic and
diastolic blood pressure (BP) of less than 130 mmHg and
80 mmHg, respectively [3]. This aimed to underline the
excess risk of BP above this range and to focus public
health attention on prevention.

Based on the new guidelines of the ACC/AHA, some
studies have been published on the risk factors of hyper-
tension [4], and the prevalence and incidence of hyper-
tension [5]. However, there are no studies that reveal the
period of progression from normal blood pressure to
stage 2 hypertension (systolic BP >140 or diastolic BP >
90 mmHg) and it is unclear whether it progresses grad-
ually from normal BP to stage 2 hypertension passing
through all the four stages of BP (normal BP, elevated
BP, stage 1 hypertension, stage 2 hypertension) or not.

In addition, BP increases with age in the general popu-
lation, and the prevalence of secondary hypertension is
higher in the older aged groups [6]. However, no large-
scale study has been conducted to evaluate the progres-
sion from normal BP to stage 2 hypertension in the
middle-aged and elderly Korean population.

Therefore, this study aimed to estimate the incidence
of and period of progression to stage 2 hypertension
from normal blood pressure by age.
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Methods

Study population

We used the National Health Insurance Service-Health
Screening (NHIS-HealS) in Korea. The NHIS-HEALS
consisted of 514,866 participants (aged 40—79 years) ran-
domly selected from 10% of the population from the
overall database of the National Health Screening Pro-
gram between 2002 and 2003 and they were followed-up
until December 31, 2015. In the National Health Screen-
ing Program, all individuals are invited to participate at
least every 2 years in this general, free-of-charge health-
screening program. The NHIS-HealS data included in-
formation, such as medical diagnoses, drug prescrip-
tions, demographic information, causes of death, and
information from health screening test results (biochem-
ical test, health self-questionnaire surveys, family history
and physical examinations). Detailed guidance on the co-
hort has been published previously [7]. From the NHIS-
HealS, we selected individuals with normal BP (Systolic
BP <120 mmHg and diastolic BP <80 mmHg) between
2003 and 2004. Participants were excluded 14,043 if they
were receiving an antihypertensive treatment or had a
diagnosis of hypertension or had a past history of hyper-
tension between 2002 and 2003. We also excluded 54,
163 people who did not participate in the national
health-screening program at least once every 3 years.
Therefore, 21,172 participants were included in the final
analysis. The study flowchart is presented in Fig. 1.

Classification and measurement of blood pressure

Based on the 2017 ACA/AHA hypertension guidelines
[3], this study classified participants into four stages on
the basis of the levels of their systolic BP or diastolic BP.
The four stages consisted of:

screening program in 2002 or 2003

514866: Participants who completed the national health

416078: Among the basline participants, thoses who
were national health screening program in 2003 or 2004

89378: Normotensive

Systolic BP < 120mmHg and diastolic BP < 80mmHg

Excluded : 14043

Diagnosed past history of hypertension disease or

Taking antihypertension medicine

Excluded : 54163

No national health screening program at least once every three years
before recruitment

21172: Study population

Fig. 1 Study flowchart
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Normal BP: systolic BP < 120 and diastolic BP < 80
mmHg

Elevated BP: systolic BP 120-129 and diastolic BP < 80
mmHg

Stage 1 hypertension: systolic BP 130—139 or diastolic
BP 80-89 mmHg

Stage 2 hypertension: systolic BP 2140 or diastolic BP >
90 mmHg

Blood pressure was measured using a BP meter after
at least 5min of rest. If the measured value indicated
that the systolic BP was <120 mmHg and the diastolic
BP was <80 mmHg, measured only once. However, If
the measured value indicated that the systolic BP was
>120 mmHg or diastolic BP was 280 mmHg, the BP was
remeasured after a gap of at least 2 min. The number of
re-measurements is three. During the follow-up period,
BP measurements were made using the same procedure
as at the baseline using the national health screening
program. All participants in the study performed health
screening program at least once every 3 years for regular
blood pressure measurements.

Definition of the four courses

According to our study, some individuals progressed to
stage 2 hypertension with a gradual elevation in blood
pressure, while others skipped the elevated BP stage or
stage 1 hypertension stage. Therefore, we classified par-
ticipants into four courses according to their progression
from normal BP to stage 2 hypertension until the end of
the follow-up in 2015. Participants’ BP level were deter-
mined whether to progress to the next stage, depending
on the increased BP level in regular health-screening
program. However, during the follow-up period, partici-
pants diagnosed with stage 2 hypertension in accordance
with International Classification of Diseases [ICD-10]
(Code 110-113) were classified as stage 2 hypertension
based on that time. As we get older, blood pressure nat-
urally rises, so our research proceeded only in the pre-
direction and no one has returned to the previous stage
during the follow-up period. In addition, after the final
follow-up in 2015, it was classified as normal BP, ele-
vated BP, stage 1 hypertension, and stage 2 hypertension
based on maintaining BP levels.

The four courses as follows:

Course A: normal BP — elevated BP — stage 1
hypertension— stage 2 hypertension

Course B: normal BP — elevated BP — stage 2
hypertension

Course C: normal BP — stage 1 hypertension — stage
2 hypertension

Course D: normal BP — stage 2 hypertension
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Definition of stage 2 hypertension

In this study, stage 2 hypertension was diagnosed ac-
cording to the 10th edition of the International Classifi-
cation of Diseases [ICD-10] (codes 110-113) or if systolic
BP was > 140 mmHg or diastolic BP was > 90 mmHg
during a regular health-screening program. The follow-
up ended when the participant was diagnosed with stage
2 hypertension, died, or when the study ended (Decem-
ber 31, 2015). During the follow-up, 18 deaths were re-
ported, all of the cases that occurred before death were
included in the results. Thus, the mortality during the
follow-up period had little affect on the results of this
study.

Statistical analysis

The basic characteristics of the enrolled participants
were presented. Continuous variables were expressed as
mean and standard deviation (SD) and categorical vari-
ables as number and percentage (%). Median follow-up
time of study was presented. Mean progression year and
SD were presented for each stage of progression as well
as for total progression. In addition, we divided the study
population into three age groups and evaluated their
mean proceeding years representatively. We performed
ANCOVA (analysis of covariance) test to determine the
differences between the mean proceeding years between
the four courses, adjusting for age. Additionally, the time
to proceed to each stage was compared between the age
groups using the ANOVA (analysis of variance) test. All
statistical analyses were performed using SAS Enterprise
7.1 (NHIS remote connection) software and p-value <
0.05 were considered statistically significant.

Results

The general characteristics of the participants according
to age groups are presented in Table 1. In this study,
participants were divided into three age groups: those in
their 40s (age: 40—49 years), 50s (age: 50—59 years), and
those aged 60years and above (age: 60-79 years). In
total, 21,172 individuals participated in this study (9690
men and 11,482 women: age 40-79 years). The 40s and
50s groups had a higher proportion of females (55.2 and
55.6%, respectively). The mean ages were 44.6 +2.3 years
(40s group), 51.7+2.0years (50s group), and 66.1+3.5
years (>60 years group). Elderly adults (>60 years of age)
had a significantly high frequency of alcohol consump-
tion and had elevated values for systolic BP, fasting
blood glucose (FBS), pulse pressure, and aspartate ami-
notransferase (AST) (p<0.01) than the middle-aged
adults (40s and 50s groups). The middle-aged groups
had more current smokers and exercised frequently
compared to the >60 years age group. Family history of
hypertension and diabetes was significantly higher in the
40s age group.
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Table 1 General characteristics of participants by baseline age groups

Variable Age
40-49 years (n=17,093) 50-59 years (n=25,373) 60-79 years (n=1542) P for Trend®
Age (years) 446+23 51.7+2.0 66.1+3.5 <001
Sex
Male 7111 (45.8) 1776 (44.4) 803 (48.9) 029
Female 8416 (55.2) 2227 (55.6) 839 (51.1)
Systolic BP (mm Hg) 106.3£7.2 106.6+7.1 107.1£7.2 <001
Diastolic BP (mm Hg) 66.6£5.9 672459 66.6£6.1 <001
Body mass index (kg/mz) 228+25 231425 227428 <001
Fasting glucose (mg/dl) 90.4+24.0 91.5+188 93.7£25.2 <001
Pulse pressure (mm Hg) 39.746.3 39.746.3 40.546.8 <001
Total cholesterol (mg/dl) 188.7+33.7 198.0+35.6 197.3+36.0 <001
Aspartate aminotransferase (U/L) 23.0+158 244+12.7 262+17.7 <001
Alanine aminotransferase (U/L) 21.6£19.2 2294220 214£11.7 <001
Gamma GTP (U/L) 2514276 2664268 24.74317 <001
Hemoglobin (g/dl) 13.6£1.6 13.6£14 13514 <001
Smoking status
No 11,880 (79.1) 3121 (81.1) 1312 (82.8) < 001
Current 3138 (20.9) 725 (189) 272 (17.2)
Drinking frequency
1-2/week 14,423 (94.2) 3657 (93.2) 1431 (89.4) < 001
3-5/week 882 (5.8) 268 (6.8) 169 (10.6)
Exercise frequency 0.19
not at all 12,160 (79.9) 3103 (79.3) 1315 (82.2)
3-5/ week 3059 (20.1) 808 (20.7) 285 (17.8)
History of diabetes < 001
No 15,358 (98.9) 3921 (98.0) 1578 (96.1)
Yes 169 (1.1) 82 (2.1) 64 (3.9)
Family history of hypertension < 001
No 13,106 (93.0) 3406 (93.7) 1406 (96.6)
Yes 979 (7.0) 231 (6.3) 50 (34)
Family history of diabetes < 001
No 12,945 (91.8) 3368 (92.6) 1405 (96.5)
Yes 1158 (8.2) 268 (7.4) 51 (3.5)

Values are expressed as mean + SD (standard deviation) or number (percentage)
2P for trend: Cochran-Armitage test for categorical variables and ANOVAs for continuous variables

Figure 2 shows the four courses of progression from
normal BP to stage 2 hypertension of all participants.

fold higher incidence of stage 2 hypertension than
courses A (n= 695) and B (n= 430). The difference be-

During the follow-up period, the combined incidence of
stage 1 and stage 2 hypertension was 76.4% (n= 16,172).
Among them, 23.6% (n= 5004) of the participants had
stage 2 hypertension and 52.8% (n= 11,168) had stagel
hypertension. Only 12.9% (n= 2729) of the participants
maintained normal BP.

After the follow-up period, 77.5% (n= 3879) of partici-
pants with stage 2 hypertension were found to be in
courses C (n= 2378) and D (n= 1501). They had a 3.4-

tween courses C and D and courses A and B is that
course C and D skipped the elevated BP stage and pro-
gressed directly to stage 2 hypertension. Additionally,
more participants directly progressed from normal BP to
stage 1 hypertension (n= 10,266) than the number of
participants who progressed from normal BP to elevated
BP (n= 6676).

The study showed similar results when participants
were divided into different age groups (age: 40—49/50—
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n=3975 Stage 1 HTN ".;695 Stage 2HIN Course A
3.4+2 3year (n = 3,975) 3.922.2year (n = 695)
4':) =25§y76 Elevated BP
=2 9year
(n =6,676) n=430 Stage 2 HTN Course B
3.3+22year (n = 430)
Normal BP
(n=21,172)
n=10,266 Stage 1 HTN n=2378 Stage 2 HTN
40220 yoar > Enoats) 47527 year (n=2378) Course C
n=1501 SETD2LL] Course D
3.222.0 year (n=1,501)
| Final number |

{ {

Normal BP Elevated BP
(n=2,729) (n=2,271)
12.9% 10.7%

¢ ¢

Stage 1 HTN Stage 2 HTN
(n=11,168) (n =5,004)
52.8% 23.6%

Fig. 2 The progression from normal BP to stage 2 hypertension in the total study population

59/60-79), sex (male/female) and body mass index
(BMI,< 25/225 kg/m?). Progression by age groups, sex
and BMI can be found in the supplementary Figures 1,
2,3, 4 and 5.

Table 2 shows the adjusted mean years and median
years from normal BP to stage 2 hypertension for partic-
ipants by courses. The adjusted mean years and median
years of progression from normal BP to stage 2 hyper-
tension were 8.6+2.6years and 8.97 years (course A),
6.1+2.9 years and 5.65 years (course B), 7.5+2.8 years and
7.61 years (course C) and 3.2+2.0years and 2.34 years
(course D). Participants in course D had the shortest
duration of progression to stage 2 hypertension, while
participants in course A had a longer duration of pro-
gression to stage 2 hypertension. Those who skipped any

middle stage of progression from normal BP to stage 2
hypertension were rapidly progressed to stage 2
hypertension.

Table 3 shows the participants BP category after 12
years follow-up by baseline age groups. There were dif-
ferences in the proportion of blood pressure levels by
age groups in all final stages (p for trend < 0.01). During
the 12-year follow-up period, progression to stage 2
hypertension was observed for 5004 participants (23.6%).
The high incidence of stage 2 hypertension was associ-
ated with older age, male sex and higher BMI.

Table 3 shows the results by age group. After the final
follow-up, 14, 11 and 4% of the participants maintained
a normal BP, in the 40s, 50s and =60 years age groups,
respectively. The number of participants in the 40s and

Table 2 Adjusted mean years and median years from normal BP to stage 2 hypertension for participants by courses

Results Mean progression years from normal BP to stage 2 HTN Median progression years from normal BP to stage P-
(mean=SD) 2 HTN value

Course A (n= 8.6+26 897 < 001

695)

Course B (n= 6.1£2.9 5.65

430)

Course C (n= 75428 761

2378)

Course D (n= 3.2+20 234

1501)

The p-value for ANCOVA (analysis of covariance) test adjusting for age is represented

BP blood pressure, HTN hypertension

Course A: normal BP — elevated BP — stage1 HTN — stage2 HTN
Course B: normal BP — elevated BP — stage2 HTN

Course C: normal BP — stagel HTN — stage2 HTN

Course D: normal BP — stage2 HTN
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Table 3 Participants BP category after 12 years follow-up by baseline age groups

Remained as elevated BP

Remained as stage 1 HTN Resulted as stage 2 HTN

Results Remained as normal BP

40-49 years (n=15,527) 2204 (14.2) 1726 (11.1)
50-59 years (n=4003) 452 (11.3) 457 (11.4)
60-79 years (n=1642) 73 (4.5) 88 (54)
Total (n=21,172) 2729 (12.9) 2271 (10.7)

8566 (55.2) 3031 (19.5)
2024 (50.6) 1070 (26.7)
578 (35.2) 903 (55.0)

11,168 (52.8) 5004 (23.6)

Values are expressed as number and percentage (%)

There were differences in the proportion of blood pressure levels by age groups in all final stages (p for trend < 0.01)

BP blood pressure, HTN hypertension

50s groups who maintained with elevated BP was similar
(40s: 11.1%, 50s: 11.4%), while that in the >60 years age
group was much lower at 5.4%. Among the 40s and 50s
age groups, highest number of participants progressed to
stage 1 hypertension (>50%) while 55.0% of the =60
years age group progressed to stage 2 hypertension. In
particular, the incidence of stage 2 hypertension more
than doubled among participants above 60 years of age
than 40s and 50s.

Supplementary Tables 1 and 2 show the results by sex
and BMI. After the final follow-up, The number of fe-
male participants who maintained with normal BP or el-
evated BP were 29.9%, while that in male was more
lower at 16.2%. However, the incidence of stage 2 hyper-
tension higher male (26.5%) than female (21.2%). 14.4%
of those with normal BMI (< 25 kg/m?) maintained nor-
mal BP, while only 6.5% of those with high BMI (>25 kg/
m?). Participants with high BMI had a high incidence of
stage 2 hypertension of 34.0%, while those with normal
BMI had a low incidence of stage 2 hypertension of
21.2%. The results of sex and BMI can be found in the
supplemental material.

Table 4 shows the comparison of the period of pro-
gression by age groups from normal to elevated BP,
stage 1 hypertension, or stage 2 hypertension. The dur-
ation of the progression from normal BP to elevated BP
or stage 2 hypertension had a significant difference be-
tween the groups (=60 years vs 40s—50s) (p<0.01). The
period of progression from normal BP to elevated BP or

stage 2 hypertension was similar among the 40s and 50s
groups. However, the >60 years age group (2.8+1.6 year)
had a much shorter period of progression to stage 2
hypertension than the 40s—50s groups (3.6+2.3 year and
3.5+2.3 year).

The duration of the progression from normal BP to
stage 1 hypertension was different in the three groups.
As a result, the mean duration of progress of all stages
to stage 2 hypertension was shortest in the >60 years age

group.

Discussion

We examined the incidence of and the progression to
stage 2 hypertension in normotensive individuals in a
longitudinal cohort study with over 12 years of follow-
up. The risk of hypertension is well known in past stud-
ies [8, 9], but the progression and risk of hypertension at
each stage of BP assessment has not been well
quantified.

To the best of our knowledge, there is currently no
long-term study that details the progression from nor-
mal BP to stage 2 hypertension by age. This study pre-
sents the natural history of stage 2 hypertension
progression. Previous studies about the natural history
of hypertension have connected childhood BP levels with
cardiovascular events in later adulthood and prehyper-
tension with cardiovascular risk factors [10, 11].

Among the 21,172 participants with normotension, we
identified 5004 (23.6%) participants with progression to

Table 4 Comparison of the period of progression by age groups: from normal to elevated BP, stage 1 HTN, or stage 2 HTN

Course Age (mean%SD) P-
40-49 years 50-59 years 60-79 years value
(n=13,323) (n=3551) (n=1580)

Normal BP— Elevated BP 4.0+3.0 41430 36+23 0.01°
5031 (37.8) 1237 (34.9) 408 (25.8)

Normal BP— Stage 1 HTN 41427 39+26 35423 <001P
7442 (55.9) 1980 (55.8) 855 (54.1)

Normal BP— Stage 2 HTN 36423 35423 28+1.6 <001°
850 (6.4) 334 (94) 317 (20.1)

Values are expressed as number and percentage (%)

P-values are from ANOVA test with Duncan method of mean proceed time between age groups

BP blood pressure, HTN hypertension
*Two age groups (40-49 years and 50-59 years) were different with 60-79 years
PAll three groups were statistically different
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stage 2 hypertension during the 12-year follow-up
period. During the follow-up period, the proportion of
stage 2 hypertension among participants in course C
and D (76.4%) was much higher compared to that in
courses A and B (23.6%). Participants who skipped the
elevated BP stage, such as those in courses C and D, had
a much higher risk of developing stage 2 hypertension.
Additionally, more participants directly progressed from
normal BP to stage 1 hypertension (#=10,266) than par-
ticipants who progressed from normal BP to elevated BP
(n=6676). This means that many participants progressed
to stage 1 hypertension, skipping the elevated BP stage.

Age is a major predisposing factor for most common
degenerative diseases and increasing age is a well-known
and important risk factor for hypertension [12—14]. The
Asia cohort study revealed that the incidence of hyper-
tension in older age (>55years) was higher than in
younger age (20—54 years) [15]. This study showed that
after the follow-up period, the incidences of stage 2
hypertension were 19.5% (40s group), 26.7% (50s group),
and 55.0% (=60years age group). The >60years age
group had a 2.8-fold higher incidence of stage 2 hyper-
tension than the 40s group. The Framingham study [16]
showed that the incidence of cardiovascular disease in-
creased gradually as systolic BP increased with age. This
means that not only middle-aged but also elder adults
should consider hypertension management. This study
has considerable significance because we presented the
mean years of progression for all the courses, using ad-
justed age ANCOVA analysis.

The incidence of hypertension in individuals without
hypertension is likely to vary depending on the initial BP
value, the variation of BP measurements, the tracking
period, and the presence of factors predisposing to
hypertension [17]. The results of the present study re-
vealed that the incidence of stage 2 hypertension was
low when progressing through all the stages of BP, but
high when any middle stage was skipped. The adjusted
mean years of progression from normal BP to stage 2
hypertension were 8.6+2.6 years (course A), 6.1+2.9 years
(course B), 7.5+2.8years (course C) and 3.2+2.0 years
(course D). In addition, elderly adults had shorter pro-
gress periods to stage 2 hypertension than middle-aged
adults. Individuals with high BP (systolic BP 120-139
mmHg or diastolic BP 80-89 mmHg), frequently pro-
gressed to hypertension over a period of 4 years, espe-
cially older adults [18]. Therefore, to detect the onset of
hypertension, we recommend frequent BP screenings for
individuals 260 years of age with normal or elevated BP.

Strengths and limitations

There are several limitations to this study. The National
Health Screening Program was performed in hospitals
using standard measurement criteria, and there might
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have been differences in the measurement times and BP
meters. However, the Framework Act on the National
Health Examination requires health examination hospi-
tals to complete quality assessments for BP measuring
instruments every 3 years. Secondly, the four courses we
have presented are not universal because they are based
on the BP category presented in this study. In addition,
the meaning of the “skipped stages” used in this study
means that the stage of blood pressure progression was
divided into four stages (normal BP, elevated BP, stage 1
hypertension, stage 2 hypertension) and did not go
through the next stage during blood pressure progres-
sion. It is unclear whether the participants of the study
actually skip the next stage or whether it is a process of
slow progression. Therefore, further study will be needed
on whether the participants actually skipped next stage
or the slow progress rate process. However, the result
can be of sufficient value since this was the first attempt
to verify the natural four natural courses from normal
blood pressure to stage 2 hypertension.

Conclusions

This study emphasized the increased risk of hyperten-
sion with age and found that the incidence of hyperten-
sion is related not only to age but also to the
progression of each BP stage. In addition, in order to
prevent progress into stage 2 hypertension, different sys-
tematic prevention strategies are needed according to
the four courses, not uniform hypertension prevention
education. In particular, senior citizens or those who
have progressed directly from normal BP to stage 1
hypertension need to be warning and preventive educa-
tion for stage2 hypertension, and BP screening should be
conducted frequently. Furthermore, our results under-
score the need for further studies of the determinants to
predict who will go for hypertension in which course.
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